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This summary of the Forty-third 
Annual Meeting of the American Society 
for Testing Materials, held at Chalfonte- 
Haddon Hall, Atlantic City, N. J., 
June 24-28, 1940, is a record of the trans- 
actions of the meeting including the 
actions taken on the various recommen- 
dations submitted by the standing com- 
mittees. In all, 25 sessions were held,— 
22 formal sessions and three round-table 
or topical discussions—as well as the 
Third A.S.T.M. Photographic Exhibition 
and Competition, and the Twenty-third 
Annual A.S.T.M. Golf Tournament. 

The Proceedings are set forth session 
by session. There were 55 reports and 
77 formal papers presented. The record 
with respect to each has been briefed, 
the recommendations in the reports hav- 
ing been grouped so as to cover the 
acceptance of material for publication 
as tentative, such as new specifications, 
methods of test, revisions of tentative 
standards and proposed revisions of 
existing standards, and as a separate 
group, the approval of matters that were 
referred to letter ballot of the Society, 
as for example, the adoption of tentative 


ANNUAL MEETING 
Attantic Crry, N. J., Jone 24-28,1940 


The following Summary records the action taken by the Society at the 
Annual Meeting on the Recommendations Affecting Standards and Tentative 
Standards appearing in the annual reports of the standing committees. In 
the individual committee reports attention is called through an editorial 
footnote to any modifications of the recommendations or where the recom- 
mendations of the committee were not approved. In all other instances it 
is to be understood that the recommendations were approved as submitted 
The new and revised standards and tentative standards 
are published in the 1940 Supplement to the Book of A.S.T.M. Standards, 
Parts I, II, and III. Except as noted, the reports and papers appear in this 


standards as standard or the adoption 
of revisions of standards. Accordingly, 
wherever the action is reported as 
“adopted as standard,” it is understood 
that this indicates approval of the 
annual meeting for reference to letter 
ballot of the Society. The various 
recommendations so recorded are in- 
cluded in the Society letter ballot.! The 
actions designated as “‘accepted as tenta- 
tive” are self evident as indicating ac- 
ceptance by the Society at the annual 
meeting for publication as tentative. 

While all of the items on the program 
are recorded under the particular session 
in which they were presented, for con- 
venience in locating actions with respect 
to any particular report, the accompany- 
ing list is presented of the reports to- 
gether with the page reference where 
the action thereon is recorded. 

The registered attendance of the 
meeting is as follows: Members present 
or represented, 912; committee members, 
256; guests, 273; total, 1441; ladies, 295. 


1 The letter ballot on recommendations affecting stand- 
ards, distributed to the Society membership, was canvas- 
sed on September 3, 1940, and all actions were approved. 
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TOPICAL DISCUSSION ON RADIOGRAPHIC 
TESTING OF AIRPLANE COMPONENTS 


Monday, June 24,8 p.m. 
Chairman: H.H. Lester. 


The subject of Radiographic Testing 
of Airplane Components was discussed 
at a meeting held on Monday evening 
under the guidance of Committee E-7 
on Radiographic Testing. Three in- 
formal papers were presented by the 
respective authors as follows: 

Quality and Quantity X-ray Examination 
of Aircraft Material—T. A. Triplett 

Radiography of Aluminum Castings and 
Forgings for Airplanes—Kent van Horn 

Technique and Organization in the 


Radiography of Aircraft Castings—L. W. 


FORMAL OPENING SESSION ~~ 
PRESIDENT’S ADDRESS 


Tuesday, June 25, 10.30 a.m. 


Session Co-Chairmen: President H. H. 
Morgan; Past-President A. C. 
Fieldner. 

President H. H. Morgan in the chair. 


Committee E-9 on Research: 


Report presented from manuscript by 
T. S. Fuller, chairman. 


Committee E-10 on Standards: 


Report presented, in the absence of 
the chairman, by the Assistant Secre- 
tary. 


Executive Committee: 


This report, which discussed Society 
activities, covered membership, publica- 
tions, finances, and administrative 
matters relating to committee activities 
and inter-Society relations, was pre- 
sented by the Secretary-Treasurer, C. L. 
Warwick. 


The chairman introduced Lieut. Col. 
William C. Young of the Planning 
Branch of the Office of the Assistant 


Secretary of War, who spoke on “Ma- 


terials Standards in National Prepared- 
ness.” Colonel Young discussed the 
significance of industrial mobilization 
and the importance in this program of 


adequate materials specifications. He 


covered such factors as the variety of 
materials required, the quantities 
needed, and the production problems 
involved. He also outlined the use of 
educational orders as well as production 
studies, mentioning the careful con- 
sideration which has been given to the 
economic factor. The work of the 
Munitions Board was described and 
particularly the industrial mobilization 
plan which is a guide to be available in 
time of a national emergency. Colonel 
Young stressed the importance of the 
specification work of the various Govern- 
ment departments and also the work of 
the various technical societies including 
the A.S.T.M., citing that this organiza- 
tion was in an excellent position to make 
an important contribution in the field 
of standardization of materials for 
production of military equipment. 


Past-President A. C. Fieldner then 
assumed the chair and introduced the 
President, H. H. Morgan. 


Mr. Morgan then delivered the annual 
Presidential Address on “Standard 
Specifications for Materials and Their 
Commercial Importance.” Before pre- 
senting his address, President Morgan 
referred briefly to the appalling events 
of the day which may have such far- 
reaching effects upon _ international 
affairs and upon conditions and living 
standards in this country. In the light 
of present-day developments he con- 
sidered the subject of his address and 
that of Colonel Young’s to be especially 
timely since they cover the importance 
and need of standardization of materials 
in commercial transactions and in such 
emergencies as may develop. 


2 Published in ASTM Buttettn, No. 105, August, 
1940, p. 17. 
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his President Morgan dis- 
cussed the importance of having, as an 
adjunct to a purchase order for the fund- 
amental materials of industry, a defini- 
tion of the buyers’ requirements which is 
useful in commercial trade. He stated 
that a good specification provides a 
means by which the buyer and seller 
may speak the same language, thus facili- 
tating commerce between the two, and 
opening the way for more specific and di- 
rectbenefits. President Morgan stressed 
the fact that the practical importance of 
specifications hinges directly on their 
ability.to assure the buyer that he is re- 
ceiving exactly the goods he orders. He 
referred to the wide use of A.S.T.M. speci- 
fications in the extensive field of engineer- 
ing construction materials as concrete 
evidence of their commercial impor- 
tance. In concluding he stated that 
adequate specifications for materials 
with competent inspection assure to the 
buyer a maximum usefulness and service- 
ability of material at a minimum cost. 


Recognition of Forty-Y ear Members: 


The chairman announced that in ac- 
cordance with the action taken by the 
Executive Committee, certificates were 
being awarded this year to four individ- 
uals and four companies who had at- 
tained 40 yr. of membership in the 
Society. Presentation of the certificates 
was then made by President Morgan 
to the following: 


F. H. Clark, Consulting Engineer, New York, 
¥. 
L. Condron, Consulting Structural 
Engineer, Chicago, 
Robert Job, Vice-President, Milton Hersey 
he Co., Ltd., Montreal, P.Q., Canada. 
Charles B. Wing, Emeritus Professor of 
Structural Engineering, Stanford Uni- 
versity, Palo Alto, Calif. 
American Steel and Wire Co., Cleveland 
Ohio. 
The Colorado Fuel and Iron Co., Pueblo, 
Colo. 
National Tube Co., Pittsburgh, Pa. 
John A. Roebling’s Sons Co., Trenton, N. J. 


SUMMARY OF PROCEEDINGS 


Award of Honorary Memberships: 

For the Award of Honorary Member- 
ships, Past-President Fieldner called 
upon Past-President K. G. Mackenzie 
to present Past-President Cloyd M. 
Chapman; on Past-President H. F. 
Moore to present H. E. Smith; and on 
Past-President T. G. Delbridge to pre- 
sent in absentia Past-President T. R. 
Lawson who was unable to be present 
due to illness. Following each presenta- 
tion, President Morgan made the Award 
of Honorary Membership. 


Election of Officers: 


The chairman then recognized J. O. 
Leech, chairman of the Committee of 
Tellers, who reported the results of the 
letter ballot on election of officers. Of 
the 1127 ballots cast, the results » ome 
as follows: 


For President, to serve for 1 yr.: t “6 
W. M. Barr, 1121 votes. 

For Vice-President, to serve for 2 yr.: 
H. J. Ball, 1119 votes. 

For Members of the Executive Committee, 

to serve for 2 yr.: 

C. H. Fellows, 1116 votes. 
R. C. Griffin, 1108 votes. A sem. 
P. D. Merica, 1108 votes. 
Jerome Strauss, 1113 votes. rant % 
Stanton W alker, 1113 votes. 233 


The chairman then introduced the 
newly elected members of the Executive 
Committee, requesting that they rise 
as their names were called. 

At the request of the chairman, Vice- 
President G. E. F. Lundell and Dean 
Harvey escorted to the chair the Vice- 
President-Elect, H. J. Ball, who ex- 
pressed appreciation of the honor of his 
election and the hope that he might 
fulfill the duties of the office to the com- 
plete satisfaction of the membership. 

The chairman then requested Past- 
President A. E. White and J. J. Shuman 
to escort to the chair the President- 
Elect, W. M. Barr, who, in acknowl- 
edging the honor of his election, said 
that he was not unmindful of the re- 
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Forty-THrrp ANNUAL MEETING 


sponsibility which accompanies the posi- 
tion but that it would be a pleasure to 
assume the leadership of an organization 
which is in such excellent position to 
be of service to the industry of this 
country and to our Government. 


SECOND SESSION—RADIOGRAPHY 
Tuesday, June 25, 2 p.m. 
Session Chairman: P. E. McKinney. 
Committee E-7 on Radiographic Testing: 


Report presented from manuscript by 
H. H. Lester, chairman. 


Papers: 
The following papers were presented: 


The Technique of Inspecting Wood Poles by 
X-ray—Myron Zucker,’ presented by the 
author. 

The Reduction of Secondary Radiation and 
of Excessive Radiographic Contrast by Filtra- 
tion—Herman E. Seemann, presented by the 
author. 

Precision Radiography—II—Gilbert E. Doan 
and Winston H. Sharp, presented from manu- 
script, in the absence of the authors, by H. H. 
Lester. 


THIRD AND SIXTH SESSIONS—SYMPOSIUM 
oN Toots oF ANALYTICAL 
CHEMISTRY 


Tuesday, June 25, 2 p.m.; and 
Wednesday, June 26, 9.30 a.m., 
respectively 


Session Co-Chairmen: Vice-President G. 
E. F. Lundell; G. Frederick Smith. 


The Symposium on Tools of Analytical 
Chemistry was especially arranged to be 
of interest to the members of the Physi- 
cal and Inorganic Chemistry Division 
of the American Chemical Society, 
who were invited to participate in the 
symposium. The sessions were very 
well attended, the papers consisting of 
the following: 


3 Published in ASTM — No. 106, October, © 


1940, p. 19. 


Third Session: 


Some Newer Trends in Analytical Chemistry 
—Beverly L. Clarke, presented from manuscript 
by the author. 

Electronic Instruments in Analysis, Testing 
and Control—Ralph H. Miller. 

Theory and Practice of pH Determinations 
and Control Using the Glass Electrode— 
Malcolm Dole, presented from manuscript by 
the author. 


In the absence of Mr. Miiller, due to 
illness, his paper was available in 
abstract only. In view of the additional 
time thus being made available, Mr. 
Smith introduced a discussion on per- 


Some New and Forgotten Aspects of Organic 
Compounds in Inorganic Analysis—Harvey 
Diehl, presented from manuscript by the 
author. 

Cerate Oxidimetry—G. Frederick Smith and 
H. H. Willard, presented from manuscript by 
Mr. Willard. 

Micro-Gas Analysis Methods and Their 
Application to Research—L. A. Wooten, 
presented from manuscript by the author. 


Sixth Session: 


The symposium was supplemented 
by a separate session on Spectrochemical 
and Microanalytical Procedures held on 
Wednesday afternoon at 2 o’clock (see 
p. 19). i 

FourtH SESSION—WATER 
Tuesday, June 25, 8 p.m. 


Session Chairman: Vice-President W. M. 
Barr. 


Committee D-19 on Water for Industrial 
Uses: 


Report presented by Max Hecht, 
chairman, and the following actions 
taken: 

Accepted as Tentative: = 
Method of Reporting Results of Analysis of 

Industrial Waters 
Revisions of: 

Sampling Plant or Confined Waters for 


Industrial Uses (D 510 - 38 T) 


3 
{ 
| 
> 
f 
> 
e & 
n 
4 
Ss 
t 
) 
n 
"4 


7) 
_ Determination of the Calcium Ion and 
Magnesium Ion in Industrial Waters 
(D511 -38T) 
Determination of the Chloride Ion in 
om Industrial Waters (D 512 - 38 T) 
an Determination of the Total Orthophos- 
phate and Calculation of the Respective 
Orthophosphate Ions in Industrial 
Z Waters (D 515 - 38 T) 
_ Determination of the Sulfate Ion in In- 
dustrial Waters (D 516 — 38 T) 


Symposium on Problems in the Classifica- 
tion of Natural Water Intended for 
Industrial Use: 


The Symposium on Problems in the 
Classification of Natural Water Intended 
for Industrial Use was sponsored by 
Committee D-19 on Water for Industrial 
Uses in order to develop uniformity in 
reporting water analysis and to secure 
data from which specifications may be 
developed, these data permitting the 
expression of corrosivity and deposit- 
protection characteristics. 

The symposium was introduced by 
F. N. Speller, Consulting Metallurgical 
Engineer, and the following papers were 
then presented: 


Reporting the Results of Water Analysis— 
Robert C. Adams, presented by the author. 

A Review of Data on the Relationship of 
Corrosivity of Water to Its Chemical Analysis— 
V. V. Kendall, presented from manuscript by 
the author. 

Measuring the Scale-Forming and Corrosive 
Tendencies of Water by Short-Time Tests— 
Everett P. Partridge and G. B. Hatch, presented 
from manuscript by Mr. Partridge. 

A Method of Measuring Corrosiveness—J. 
H. Walker, presented by the author. 


FirtH SESSION—METHODS OF TESTING 
Tuesday, June 25, 8 p.m. 


Session Chairman: J. R. Townsend. 


Committee E-1 on Methods of Testing: 


Report presented by W. H. Fulweiler, 
chairman, and the following actions 


SUMMARY OF PROCEEDINGS 


Accepted as Tentative: 

Methods of Tension Testing of Metallic 
Materials (E8-40T), to replace im- 
mediately Standard Methods E 8 - 36 

Recommended Practices for Designation of 
Numerical Requirements in Standards 

Revision of Definitions of Terms Relating to 
Rheological Properties of Matter (E 24 - 
37 T) 

Revision of Spec. for A.S.T.M. Thermom- 
eters (E1-39T), revised requirements 
for turpentine distillation thermometer 
E 1 (27 C- 39) 

Mr. Fulweiler then called upon H. F. 
Moore to describe the activities of 
Technical Committee I on Mechanical 
Testing; on E. C. Bingham to report on 
the work of Technical Committee II 
on Consistency, Plasticity, and Related 
Properties; and on L. T. Work to 
summarize the activities of Technical 
Committee III on Particle Size and 
Shape. 


Committee E-3 on Chemical Analysis of 
Metals: 
Report presented from manuscript by 
G. E. F. Lundell, chairman. 


Committee E-2 
Analysis: 
Report presented from manuscript by 

H. V. Churchill, chairman. 


Committee E-8 on Nomenclature and 
Definitions: 
Report presented by Cloyd M. Chap- 
man, chairman. 


Papers: 
The following papers were presented: 


on Spectrographic 


An Investigation of the Effect of Rate of 
Strain on the Results of Tension Tests of Metals 
—Paul G. Jones and H. F. Moore, presented by 
Mr. Jones. 

Speed in Tension Testing and Its Influence 
on Yield Point Values—Lawford H. Fry, pre- 
sented from manuscript by the author. 

Quantitative Spectrographic Analysis of 
Steels—S. Vigo,‘ presented from manuscript by 
the author. 


4 Published in ASTM Buttetin, No. 107, December, 
1940, p. 17, 
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FORTY-THIRD ANNUAL MEETING 


SEVENTH SESSION—SYMPOSIUM ON 
SIGNIFICANCE OF THE TENSION TEST 
oF METALS IN RELATION TO DESIGN 


Wednesday, June 26, 9.30 a.m. 
Session Chairman: John M. Lessells. 


The Symposium on Significance of the 
Tension Test of Metals in Relation to 
Design was arranged in view of the 
differences of opinion regarding the 
significance of the results obtained. It 
was sponsored in cooperation with the 
American Institute of Physics and the 
Applied Mechanics Division of The 
American Society of Mechanical En- 
gineers. The Symposium was _intro- 
duced by John M. Lessells, who then 
called upon the following who had pre- 
pared formal discussions covering several 


features of the subject: ee: 
C. W. MacGregor—The Tension Test. pre 


F. B. Seely—The Strength Features of the 
Tension Test. 


H. W. Gillett—The Limited Significance of 
the Ductility Features of the Tension Test. 


The meeting was then thrown open to 
general discussion, in which a number 
f those ent icipated. art Se 
of those pres participated oh | 
EIGHTH SESSION—CERAMIC AND 
Masonry MATERIALS 
Wednesday, June 26,2p.m. 


Session Chairman: A. T. Goldbeck. 


Committee C-15 on Manufactured 
Masonry Units: 


Report presented by D. E. Parsons 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Revision of Spec. for Building Brick (Made 
from Clay or Shale) (C 62 - 39 T) a . 


Adopted as Standard: "it 


Spec. for Solid Load-Bearing Concrete 
Units (C 145 39 T) 


Committee C-8 on Refractories: 


Report presented, in the absence of 
the chairman, by G. A. Downsbrough, 
and the following actions taken: _ 


Accepted as Tentative: af 


Spec. for Refractories for Malleable Iron 
Furnaces with Removable Bungs and for 
Annealing Ovens (C 63 —- 40 T), to replace 
the present Spec. C 63 — 39 

Spec. for Refractories for Heavy Duty 
Stationary Boiler Service, and Spec. for 
Refractories for Moderate Duty Station- 
ary Boiler Service, to replace the present 
Spec. C 64 - 39 

Spec. for Refractories for Incinerators 
(C106-40T), to replace the present 
Spec. C 106 — 39 

Test for Warpage of Refractory Brick and 
Tile 


Revisions of: 

Definitions of Terms Relating to Re- 
fractories (C 71 — 39 T) 

Spec. for Ground Fire Clay (C 105 — 36) 

Chemical Analysis of Refractory Ma- 
terials (C 18 — 39) 

Definitions of Fireclay and Alumina- 
Diaspore Refractories (C 27 — 39) 


Adopted as Standard: 


Test for True Specific Gravity of Burned 
Refractory Materials (C 135 - 38 T) 

Revision of Panel Test for Resistance to 
Thermal and Structural Spalling of High 
Heat Duty Fireclay Brick (C 107 — 36) 

Revision of Panel Test for Resistance to 
Thermal and Structural Spalling of Super 


Duty Fireclay Brick (C 122-37) 
That 


Classification of Insulating Fire Brick ie s 


Spec. for Fireclay Brick for Malleable 
Furnaces with Removable Bungs and for 
Annealing Ovens (C 63 — 39) 

Spec. for Fireclay Brick for Stationary Boiler 
Service (C 64 - 39) 

Spec. for Refractories for Construction of 
Incinerators (C 106 — 39) 


Editorial Change Accepted: 


Test for Size and Bulk Density of Refractory 
Brick (C 134-39 T) 


Committee C-4 on Clay Pipe: Vest) 


_ Report presented, in the absence of 
the chairman, by J. C. Riedel, vice- 


- 
a 
ig 
j 
£ 
= 
4 
f 


Construction and Materials (C 19 - 33), 


he or in the case of base metal thermocouples, 
enclosed in sealed standard-weight }3-in. 
wrought steel pipe. 
to read as follows: 


chairman, and actions 
taken: 


Adopted as Standard: 
Revision of Spec. for Clay Sewer Pipe 
(C 13 — 35) 
Withdrawal of Tentative Standard: 


Definitions of Terms Relating to Clay Sewer 
Pipe (C 8 —- 35 T) 


Committee C-5 on Fire Tests of Materials 
and Construction: 


Report presented by R. P. Miller, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Fire Tests of Door Assemblies 

Revision of Spec. for Fire-Retardant Proper- 
ties of Wood for Scaffolding and Shoring 
(C 132 - 37 T) 

Revision of Spec. for Fire Tests of Building 


with minor additional changes as follows: 
Section 3 (a).— Change the last part of the 
first sentence from its form as preprinted: 


namely, 


or as an alternative in the case of base 
- metal thermocouples, enclosed in sealed 
_ standard weight 4-in. black wrought steel or 
_ black wrought iron pipe. 
Section 22.—In Paragraphs (a), (b) and (c), 


change the word “carrying” to read “having.” 
Paper: 


The following paper was presented: 


Relation of Water Absorption and Strength 
of Brick to Abrasive Resistance—J. W. Mc- 
Burney, R. H. Brink, and A. R. Eberle, pre- 
sented by Mr. McBurney. 


NINTH SESSION—STEEL, FERRO-ALLOYS, 
METALLOGRAPHY 

Wednesday, June 26, 2 p.m. 

Session Chairman: J. O. Leech. 


Committee A-1 on Steel: 
Report presented by N. L. Mochel, 
chairman, and the following actions 


Accepted as Tentative: 


Spec. for Carbon-Steel Forgings for General 
Industrial Use 

Spec. for Carbon-Steel Forgings for Locomo- 
tives and Cars 

Spec. for Alloy-Steel Forgings for Locomo- 
tives and Cars 

Spec. for Alloy-Steel Forgings for General 
Industrial Use. 

In the above specifications the following 
changes, not preprinted, were accepted by 
unanimous consent, subject to favorable letter 
ballot of Committee A-1: 

In Section 10 (e) of each of the above four 
specifications add the word “reading” after 
the word “extensometer.” 

In the Specifications for Carbon-Steel 
Forgings for General Industrial Use add a 
new class designated C1, covering annealed 
or normalized mild steel forgings for bridges. 
Insert in Table I the following requirements 
as to physical properties: For all sizes a 
minimum tensile strength of 66,000 psi. and 
a minimum yield point of 33,000 psi. For 
forgings 12 in. and under in outside diameter 
or over-all thickness a minimum elonga- 
tion in 2 in. of 23 per cent, and a minimum 
reduction of area of 36 per cent. For forg- 
ings over 12 to 20 in., incl., a minimum 
elongation and reduction of area of 22 per 
cent and 34 per cent, respectively. 

Various editorial changes were approved in the 
four specifications listed, including rearrange- 
ment of the tables of physical properties. The 
photomicrographs in the Specifications for 
Carbon-Steel and for Alloy-Steel Forgings for 
Locomotives will be corrected. 

Spec. for Factory-Made Wrought Carbon- 
Steel and Carbon-Molybdenum-Steel 
Welding Fittings, with the following 
additional changes subject to favorable 
letter ballot of Committee A-1:6 
Section 2 (a).—In the second sentence, 

change the word “or” to read “and.” 

Section 4 (b).—Delete the phrase “and the 
chemical analyses of finished fittings.” 

Section 7.—Change from its present form 
to read as follows by the addition of the 
italicized words and the omission of those in 
brackets: 

5 Committee A-1 reported the following results of the 
letter ballot vote of a total of 164 ballots returned from a 
voting membership of 229: Carbon-Steel Forgings for 
General Industrial Us: affirmative 106, negative 1; 
Carbon-Steel Forgings tor Locomotives and Cars, affirma- 
tive 90, negative 0; Alloy-Steel Forgings for Locomotives 
and Cars, affirmative 87, negative 0; Alloy-Steel Forgings 
for General Industrial Use, affirmative 100, negative 1. 

6 Committee A-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 229, 164 


members returned their ballots, of whom 66 voted affirma- 
tively, 4 negatively. 
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Revisions of: 


7. Tension tests of the finished fittings are 
not required. [Tensile properties] Tension 


testing of fittings when required shall be a . 


matter of agreement between the manu- 
facturer and the purchaser. 

Section 8 (a).—Change from the form as 
preprinted by incorporating the method of 
determining the test pressure, the revised 
section to read as follows: 

8. (a) Welding fittings shall be capable of 
withstanding a hydrostatic pressure test 
determined by the formula 


where: heyyy 


P = maximum hydrostatic test pressure, 

in pounds per square inch, 

0.50 times the minimum specified 
yield point of the designated ma- 
terial, in pounds per square inch, 

nominal wall thickness, in inches, of 
designated schedule number, 

= outside diameter at bevel, in inches. 

Section 11 (b).—Change the first sentence 
from its present form to read as follows by the 
addition of the italicized words: 

(b) On all alloy-steel fittings, the manu- 
facturer’s name or trade-mark and the 
designation of the material specification shall 
be marked with a steel stamp or by any other 
suitable method agreed upon by the manufac- 
turer and the purchaser so that the marking 
will be of a permanent nature. 

In Table I, editorial corrections will be 
incorporated, and a footnote will be added 
indicating that reference to designations of 
other A.S.T.M. specifications is made only 
for cross reference to the respective chemical 


compositions. 

Spec. for Heat-Treated Carbon- and Alloy- 
Steel Track Bolts and Nuts (A 183 - 39 T) 

Spec. for Seamless Carbon-Molybdenum 
Alloy-Steel Boiler and Super-Heater Tubes 
(A 209 — 38 T) 

Spec. for Carbon-Steel Castings Suitable for 
Fusion Welding for Service at Tempera- 
tures up to 850 F. (A 216 - 39 T) 

Spec. for Alloy-Steel Castings Suitable for 
Fusion Welding for Service at Tempera- 
tures from 750 to 1100 F. (A 217 - 39 T) 

. The revised marking clauses of Specifica- 

tions A 216 and A 217 were further modified 

so that the marking of the manufacturer’s 


Spec. for Seamless Alloy-Steel Pipe for Serv- 
ice at Temperatures from 750 to 1100 F. 
(A 158-38 T); with the following addi- 
tional change, not preprinted, approved by 
unanimous consent, subject to favorable 
letter ballot of Committee A-1:7 
Section 19.—Add a new second sentence to 

Paragraph (a) to read as follows: 

At the discretion of the inspector represent- 
ing the purchaser, finished pipe shall be sub- 
ject to rejection if surface defects acceptable 
under Paragraph (c) are not scattered, but 
appear over a large area in excess of what is 
considered “workmanlike finish.” 

Add a new first sentence to Paragraph (0) 
to read as follows: 

All defects shall be explored for depth. 

Delete Paragraph (c), and substitute the 
following: 

(c) Machining or Grinding Defects.—Sur- 
face defects shall be classified and treated as 
follows: 

(1) U-bottom mechanical marks and abra- 
sions* excepting pits, tears, scabs, slivers, 
etc., shall be acceptable without grinding or 
machining, if not deeper than 12.5 per cent 
of the nominal wall thickness nor in any case 
deeper than 7s in. All V-bottom marks and 
abrasions and U-bottom marks and abrasions 
deeper than 7¢ in. but not deeper than 12.5 
per cent of the nominal wall thickness shall 
be removed by grinding or machining to 
sound metal. Where the width of any mark 
or abrasion is less than the depth it shall be 
classified as V-bottomed. 


* Marks and abrasions are defined as cable marks, 
coum, guide marks, roll marks, ball scratches, scores, 


(2) Pipe showing inside or outside surface 
checks (fish scale) ¢z in. or less in depth need 
not have these defects removed. Such 
defects over ¢# in. but not more than 3, in. 
in depth shall be removed by machining or 
grinding. Pipe on which these defects are 
more than 7#z in. in depth shall be rejected, 
unless the manufacturer can demonstrate to 
the purchaser that the defects are not in- 
jurious as defined in Paragraph (0). 

(3) Pipe showing scabs, seams, laps, tears, 
or slivers not deeper than 5 per cent of the 
nominal wall thickness need not have these 
defects removed. If deeper than 5 per cent 
such defects shall be removed by machining 
or grinding providing they are not injurious 
as defined in Paragraph (6). 


7 Committee A-1 reported results of the letter ballot 
name or trade mark and the word “Steel” will - vote as follows: Of a total voting membership of 229, 164 


. members returned their ballots, of whom 74 voted affirma- 
not be required. tively, 0 negatively. 
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(4) Pits which do not fall under the 
classification of injurious defects as defined 
in Paragraph (5) need not be removed. 

(5) When grinding or machining is per- 
mitted, the outside diameter at the point of 
grinding or machining may be reduced by the 
amount so removed. Should it be impracti- 
cable to secure a direct measurement, the 
wall thickness at the point of grinding, or at 
a defect not required to be removed, shall be 
determined by deducting the amount re- 
moved in grinding, or the depth of the defect, 
from the minimum measured wall thickness 
at the ends of the pipe, and the remainder 
shall not be less than 87.5 per cent of the 
nominal wall thickness. 

(6) Machining or grinding shall follow the 
inspection at the mill of the pipe as rolled 
and shall be followed by supplementary 
visual inspection. 

Supplementary Requirements.—In Section 
S5 delete the first sentence. 

Spec. for Seamless Carbon-Molybdenum 
_ Alloy-Steel Pipe for Service at Tempera- 
tures from 750 to 1000 F. (A 206-39 T), 
with the following additional changes, not 
preprinted, accepted by unanimous con- 
gent, subject to favorable letter ballot of 
Committee A-1:* 

Section 20 (a), (b) and (c).—Make the 
same changes in this section as recommended 
above in Section 19 (a), (b) and (c) of Specifi- 
cations A 158 — 38 T. 

Sup plementary Requirements.—Change Par- 
agraph S5 to read as follows: 

S5. The steel shall have a homogene- 
ous structure as shown by the etching 
tests described in Paragraph S6. The 
grain size of the steel shall conform to the 
requirements of Section 2 (d) except that in 
nominal pipe sizes 3 in. and over made to 
Schedules 140 and 160, each piece of pipe 
in the as-finished condition shall show a 
structural grain size* corresponding to an 
A.S.T.M. grain size of 3 to 6 in accordance 
with the Tentative Classification of Austenite 
Grain Size in Steels (A.S.T.M. Designation: 
E 19) of the American Society for Testing 
Materials. 

* The term “structural grain size” refers to the pre- 


dominant grain as evidenced by ferrite grains, Widmin- 
statten areas, or pearlite patches. 


Spec. for Carbon-Steel Castings for Miscel- 
laneous Industrial Uses (A 27 — 39), Spec. 
for Carbon-Steel and Alloy-Steel Castings 

8 Committee A-1 reported results of the letter ballot 

vote as follows: Of a total voting membership of 229, 164 


members returned their ballots, of whom 72 voted affirma- 
tively, 2 negatively. 


for Railroads (A 87-36) and Spec. for 

Alloy-Steel Castings for Structural Pur- 

poses (A 148-36), with the following 

change in each, not preprinted, accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee A-1:° 

Section 8.—Change Paragraph (c) in Spec. 
A 27 and A 87 and Paragraph (b) in Spec. 
A 148 from their present forms to read as 
follows: 

The yield point shall be determined by the 
drop of the beam or halt in the gage of the 
testing machine, or by the use of dividers, or 
by an extensometer, at a crosshead speed not 
to exceed 4 in. per min. Where a definite 
yield point is not exhibited, the yield strength 
corresponding to a limiting permanent offset 
of 0.2 per cent of the gage length of the speci- 
men shall be used instead. The “offset 
method” of determining yield strength as 
described in the Tentative Methods of 
Tension Testing of Metallic Materials 
(A.S.T.M. Designation: E 8) of the Ameri- 
can Society for Testing Materials shall be 
followed. The tensile strength shall be 
determined at a speed of head not to exceed 
1} in. per min. 

While the same change was approved in the 
Tentative Specifications for Carbon-Steel Cast- 
ings Suitable for Fusion Welding for Miscel- 
laneous Industrial Uses (A 215-39T), the 
committee did not wish the tentative specifica- 
tions to be taken from the current Book of 
Standards and appear in the 1940 Supplement 
and is therefore withholding recommending 
the change to the Society. 

Spec. for Alloy-Steel Bolting Materials for 
High-Temperature Service from 750 to 
1100 F., Metal Temperatures (A 193 - 
39T), with the following changes, not 
preprinted, accepted by unanimous con- 
sent, subject to favorable letter ballot of 
Committee A-1:1° 
Table I.—Change the molybdenum con- 

tent for grade B5 from “0.45 to 0.65 per cent” 


to read “0.40 to 0.60 per cent”; and change © 


from “0.15 to 0.25 per cent” to read ‘0.15 

to 0.30 per cent.” 

Spec. for Structural Steel for Locomotives 
and Cars (A 113 — 39) ‘ 


the silicon content for grades B7 and a 


® Committee A-1 reported the following results of the 
letter ballot vote of a total of 147 ballots returned from a 
voting membership of 229: A 27, affirmative 93, negative0; 
A 87, affirmative 93, negative 0; A 148, affirmative 93, 
negative 0. 

10 Committee A-1 reported results of the letter ballo 
vote as follows: Of a total voting membership of 229, 147 
members returned their ballots, of whom 85 voted affirma 
tively, 0 negatively. 
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Spec. for Electric-Fusion-Welded Steel Pipe 
for High-Temperature and High-Pressure 
Service (A 155 — 36) and Spec. for Forged 
or Rolled Steel Pipe Flanges for General 
Service (A 181 — 37), this recommendation 
representing a change in the report as 
preprinted which had proposed the revi- 
sions in these two standards for immediate 
adoption. 


Adopted as Standard: 


Spec. for Seamless Steel Boiler Tubes for 
High-Pressure Service (A 192-—38T), as 
revised 

Spec. for Medium-Carbon Seamless Steel 
Boiler and Superheater Tubes (A 210- 
38 T), as revised 

Spec. for Electric-Resistance-Welded Steel 
Heat-Exchanger and Condenser Tubes 
(A 214 - 39 T), as revised 

Spec. for Electric-Resistance-Welded Steel 
Boiler and Superheater Tubes for High- 
Pressure Service (A 226 — 39 T), as revised 

Spec. for Seamless Alloy-Steel Boiler and 
Superheater Tubes (A 213-39T), with 
the following additional change, not pre- 
printed: The manganese content of grade 
T20 will be changed from ‘0.60 to 1.50 
per cent” to read ‘3.00 per cent, max.” 

Spec. for Lap-Welded and Seamless Steel and 
Lap-Welded Iron Boiler Tubes (A 83- 
38 T) with the following change, not pre- 
printed:'! 
Section 5.—At the end of this section add a 

new Paragraph (c) to read as follows: 

(c) Superficial ruptures as a result of minor 
surface imperfections shall not be cause for 
rejection. 

The recommendations to adopt the six tenta- 
tive specifications listed above with the revisions 
published in the report and two additional 
changes itemized above were not included in the 
report as preprinted but were accepted by 
unanimous consent for reference to Society letter 
ballot subject to favorable letter ballot of 
Committee A-1.! 

Spec. for Spiral-Welded Steel or Iron Pipe 

(A 211 — 38 T), as revised. 


11 These specifications, under the joint jurisdiction of 
Committee A-1 and Committee A-2, were referred to 
letter ballot of both standing committees and approved. 

12 Committee A-1 reported the following results of the 
letter ballot vote of a total of 147 ballots returned from a 
voting membership of 229: A 192 and A 213, affirmative 79, 
negative 0; A 210 and A83, affirmative 82, negative 0; 
A 214, affirmative 77, negative 0; A 226, affirmative 76, 
negative0. Committee A-2 reported the following results 
of the letter ballot vote on Specifications A 83: Of a total 
voting membership of 54, 44 members returned their 
ballots, of whom 39 voted affirmatively, 0 negatively. 


Revisions of: 

Spec. for Boiler Rivet Steel and Rivets 
(A 31 — 39) 

Spec. for Black and Hot-Dipped Zinc-Coated 
(Galvanized) Welded and Seamless Steel 
Pipe for Ordinary Uses (A 120 - 36) 

Spec. for Seamless Cold-Drawn Low-Carbon 
Steel Heat-Exchanger and Condenser 
Tubes (A 179 — 37) 

Spec. for Seamless Cold-Drawn Alloy-Steel 
(4 to 6 per cent Chromium) Heat-Ex- 
changer and Condenser Tubes (A 187 — 38) 

Spec. for Seamless Cold-Drawn Intermediate 
Alloy-Steel Heat-Exchanger and Con- 
denser Tubes (A 199 — 39) 

Spec. for Commercial Quality Hot-Rolled 
Bar Steels (A 107 — 39) 

Spec. for Forged or Rolled Alloy-Steel Pipe 
Flanges, Forged Fittings, and Valves and 
Parts for Service at Temperatures from 750 
to 1100 F. (A 182 - 39) 

Spec. for Carbon-Steel Castings for Valves, 
Flanges, and Fittings for High-Tempera- 
ture Service (A 95 — 36) 

Spec. for Alloy-Steel Castings for Valves, 
Flanges, and Fittings for Service at 
Temperatures from 750 to 1100F. 
(A157 39) 

The revised marking clauses of Specifica- 
tions A 95 and A 157 were further modified so 
that the marking of the manufacturer’s name 
or trade mark and the word “Steel” will not 
be required. 

Spec. for Steel Plates of Structural Quality 
for Forge Welding (A 78-39), with the 
following additional changes, not pre- 
printed, accepted by unanimous consent, 
subject to favorable letter ballot of Com- 
mittee 

Title—Change from its present form, to 
read as follows: 

Specifications for Low Tensile Strength 
Carbon-Steel Plates of Structural Quality 
for Welding 

Section 1.—Change from its 
form, to read as follows: 

1. These specifications cover two grades 
of carbon-steel plates of structural quality 
suitable for welding. They are suitable for 
forge welding when the requirements specified 
in Section 3 (b) are applied. The purchaser 
shall specify when the material is to be used 
for forge welding. 

Note.—The term “forge welding” as used 


present 


18 Committee A-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 229, 147 
.members returned their ballots, of whom 87 voted affirma- 
tively, 4 negatively. 


“i F: specified, or a minimum of 1} in. 

_ that increase the wall thickness 7s in. or less, 

» the length at any point shall not be more 
than 23 in. over that specified. 

(f) For upset ends of tubes, the wall thick- 

ness measured within ? in. from the finished 
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_ in these specifications refers to the process of 
heating with water gas, and hammering 
- mechanically, without the use of fluxes. 

_ Section 3 (b).—Change from its present 
_ form, to read as follows: 

_ (b) When these specifications are used for 

- material that is to be forge welded, the 

quantity of either nickel or chromium shall 

not exceed 0.05 per cent and, unless other- 
wise specified, the silicon shall not exceed 

per cent. 

- Delete the note following this Section. 

Spec. for Seamless Alloy-Steel (4 to 6 per cent 

Chromium) Still Tubes for Refinery 

Service (A 188 — 38) and Spec. for Seam- 

less Intermediate Alloy-Steel Still Tubes 

for Refinery Service (A 200 — 39), with the 
following additional changes, to provide 
for tolerances of upset ends of still tubes 
and clarify repairing by grinding, not pre- 
printed, accepted by unanimous consent, 
subject to favorable letter ballot of Com- 
mittee A-1:"4 
Table III.—Change the phrase “length of 
uf upset, in.” to read “specified length of upset, 
in.” with a footnote indicating that “specified 

S| length of full upset is minimum.” 

_ Change the note under the title of Table 

III to read: 

_ For tubes that are upset at the ends, a 

_ “go” plug gage with a diameter determined 

_ by the appropriate formula given in the table 
shall enter each upset end the full length of 

_ the upset. A “no-go” plug gage using the 

_ same formula without the clearance allow- 

_ ance shall not enter the tube. 

Section 15.—Change Paragraph (d) to 
read as follows by the addition of the itali- 
cized words: 

(d) Permissible variations in outside di- 
ameter for hot-rolled tubes shall apply to the 
upset ends of both hot-rolled and cold-drawn 

tubes. 

Add new Paragraphs (e) and (f) to read as 

follows: 

(e) For upsets that increase the wall thick- 
ness more than 7g in., the length at any point 
shall not be more than 50 per cent over that 
For upsets 


14 Committee A-1 reported results of the letter ballot 
v ote as follows: Of a total voting membership of 229, 164 
members returned their ballots, of whom 76 voted afirma- 
tively, 1 negatively. 


end shall not exceed the actual average wall 

of that section by more than plus or minus 

10 per cent. The actual average wall is 

defined as the average of the thickest and 

thinnest wall in that section. 

Section 16 (a).—Change the third sentence 
from its present form to read as follows by 
the addition of the italicized words: 

Minor defects may be removed by grind- 
ing, provided that a smooth curved surface is 
maintained; that the wall thickness is not 
decreased to less than that permitted in 
Section 15, and such grinding shall not be 
limited by the permissible variations in outside 
diameter prescribed in Table I, except that for 
a distance 6 in. from each end of a tube the 
permissible variations in outside diameter shall 
be maintained. 

Specs. for Seamless Low-Carbon Steel Still 
Tubes for Refinery Service (A 161 — 37), with 
the following additional changes, not pre- 
printed, accepted by unanimous consent, 
subject to favorable letter ballot of Com- 
mittee A-1:'5 
Table III.—Make the same changes in this 

table as recommended above in Specifications 

A 188 — 38. 

Section 9 (a).—For cold-drawn carbon- 
molybdenum tubes add a requirement for 
Brinell hardness number of “137, max.” 

Section 14.—Make the same change in 
Paragraph (d) as recommended above in 
Section 15 (d) of Specifications A 188 — 38. 
Add new Paragraphs (e) and (f) as recom- 
mended above in Specifications A 188 — 38. 

Section 15 (a).—Make the same change in 
this section as recommended above in Section 
16 (a) of Specifications A 188 — 38. 

Spec. for Forged or Rolled Steel Pipe Flanges 

for High-Temperature Service (A 105 - 

39), with the following changes, not 

preprinted, accepted by unanimous con- 

sent, subject to favorable letter ballot of 

Committee A-1:!* 

j Title.—Change from its present form to 

as follows: 

Specifications for Forged or Rolled Steel 
Pipe Flanges, Forged Fittings, and Valves 
and Parts for High-Temperature Service. 

Throughout the specifications, change the 
word “class” to read “grade.” 

Section 1 (a).—Change from its present 
form to read as follows: 


15 Committee A-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 229, 147 
members returned their ballots, of whom 80 voted affirma- 
tively, 1 negatively. 

16 Committee A-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 229, 147 
hee ballots, of whom 74 voted affirma- 
tively, 0 negatively. 
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(a) These specifications cover forged or 

rolled steel pipe flanges, forged fittings and 
al valves and parts for high-temperature service 
‘3 (Note). The term “forgings” used in these 


____ specifications shall be understood to cover one 


or all of the products mentioned above, either 
forged or rolled. 

Section 6.—Under the table of chemical 
requirements, change the footnote from its 
present form to read as follows: 


@ When flanges will be subject to fusion 
welding, the carbon content shall not exceed 
0.35 per cent. When the carbon is restricted 
to 0.35 per cent max., it may be necessary to 
add silicon to the composition for grade II 
and for the heavier thicknesses of grade I 
flanges in order to meet the required tensile 
properties. The silicon content shall not 
exceed 0.30 per cent. 


Section 10 (c).—Change from its present 
form to read as follows: 

(c) For the purpose of making tension 
tests, the forging manufacturer shall supply 
suitable test specimens from the flange or, at 
his option, furnish test blanks prepared from 
the billets or forging bar entering into the 
finished product, provided such test blank has 
undergone approximately the same working 
and heat treatment as the finished product. 
Spec. for Welded and Seamless Steel Pipe 

(A 53 - 36), with the following additional 

changes, not preprinted, accepted by 

unanimous consent, subject to favorable 

letter ballot of Committee A-1:!7 

Table I.—Change the yield point require- 
ment for grade A pipe from “26,500 psi.” 
to read ‘30,000 psi.” 

Section 17.—In the new marking clause, 
delete the word “butt-welded” and the 
phrase “STD for standard weight.” 

Spec. for Electric-Resistance-Welded Steel 
and Open-Hearth Iron Boiler Tubes 
(A 178 — 37), the recommendation to adopt 
as standard the tentative revision'® pub- 
lished since August, 1939, involving the 
use of the decimal system instead of B.w.g. 
was not preprinted, but was accepted 
with unanimous consent, subject to favor- 
able letter ballot of Committee A-1.!* 


17 Committee A-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 229, 147 
members returned their ballots, of whom 84 voted affirma- 
tively, 0 negatively. 

18 1939 Book of A.S.T.M. Standards, Part I, p. 1273. 

19 Committee A-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 229, 147 
members returned their ballots, of whom 80 voted affirma- 
tively, 0 negatively. 
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Spec. for Carbon and Alloy-Steel Nuts for 
Bolts for High-Pressure and High-Tem- 
perature Service (A 194-39), with the 
following changes, not preprinted, accepted 
by unanimous consent, subject to favorable 
letter ballot of Committee A-1:?° 
Table I.—Change the requirement for 

carbon for class 3 from “0.20 per cent, min.” 

to read ‘0.35 per cent, max.” and for molyb- 
denum from “0.45 to 0.65 per cent” to 
read “0.40 to 0.60 per cent.” 

Section 10.—Change the last sentence to 
read as follows by the addition of the itali- 
cized words: 

The threads in the nut shall not strip when 
subjected to a stress equal to 130,000 psi. 
for class 1 and 150,000 psi. for classes 2, 2H, 
3 and 4 figured from the mean diameter of 
the bolt. 

Spec. for Lap-Welded and Seamless Steel 
Pipe for High-Temperature Service (A 106 

 —39), with the following additional 
not preprinted, accepted by 


changes, 
ili al consent, subject to favorable 


letter ballot of Committee A-1 :*! 

Table I.—For grade A pipe, insert a 
requirement for carbon of “0.25 per cent, 
max.” 

Sections 16 and S5.—Make the same 
changes in Sections 16 (a), (6) and (c) and $5 
as recommended above in Sections 19 (a), 
(b) and (c) and S5 of Specifications A 158 - 
38 T. 

Withdrawal of Standards and Tentative Standards: 
Spec. for Carbon-Steel and Alloy-Steel 

Forgings (A 18 — 30) 

Spec. for Normalized Quenched-and-Tem- 
pered Alloy-Steel Forgings (A 63 - 39) 
Spec. for Normalized and Tempered Alloy- 

Steel Forgings for Locomotives (A 133 - 

33 T) 

Spec. for Carbon-Steel Forgings (A 18 — 39 T) 


Committee A-6 on Magnetic Properties: 


Report presented by Thomas Spooner, 
chairman, and accepted with one typo- 
graphic correction: namely, in the re- 
vised formula in Section 4 (c) of the 
Tentative Methods of Test for Measur- 
ing Interlamination Resistance and 


20 Committee A-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 229, 147 
members returned their ballots, of whom 87 voted affirma- 
tively, 0 

21 Committee A-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 229, 147 
members returned their ballots, of whom 75 voted affirma- 
tively, 2 negatively. 


| 
| 
h 
Ly 
is 
l- 
n 
n 
3a 
1- - 
8. 
in 
n 
eS 
ot 
n- 
to 
el 
es 
he 
nt 
lot 
lot 
147 


OF PROCEEDINGS 


Lamination Factor of Iron and Steel 
(A 34 — 39 T) the figure “18.75R” should 
read ‘1.875R.” 


Committee A-10 on Iron-Chromium, Iron- 
_ Chromium-Nickel and Related Alloys: 


a Report presented by Jerome Strauss, 
chairman. The committee requested 
permission to publish as an appendix to 
its report data from tests of two stainless 
steel sections obtained as a result of wind- 
storm damage to a large New York City 
building which had previously been in- 
spected as part of the committee’s work. 


Committee E-4 on Metallography: 


Report presented by L. L. Wyman, 
chairman. 


Sectional Committee B36 on Standardiza- 
tion of Dimensions and Materials of 
Wrought-Iron and Wrought-Steel Pipe 
Tubing: 
Report presented by H. H. Morgan, 
chairman. 


TENTH SESSION—MARBURG LECTURE 
AND PuDLEY MEDAL AWARD 


I Wednesday, June 26, 4 p.m. nfo, 
President H. H. 


Session Chairman: 

Morgan. 

The President, in opening the session 
devoted to the Edgar Marburg Lecture, 
referred to the double significance of the 
lecture instituted in 1926 to commemo- 
rate the name of the first Secretary- 
Treasurer of the Society, Dr. Edgar 
Marburg, and to bring to the member- 
ship valuable expositions on notable 
developments in engineering and the 
sciences. 

The President then introduced the 
fifteenth Edgar Marburg Lecturer, P. H. 
Bates, Chief, Clay and Silicate Products 
Division, National Bureau of Standards, 
who had selected as the subject of the 
lecture ‘Portland Cement—Theories 
(Proved and Otherwise) and Specifica- 


tions.” Before delivering the lecture, 
Mr. Bates briefly recalled his experience 
as an undergraduate when he studied 
under Professor Marburg at the Uni- 
versity of Pennsylvania. He also re- 
ferred to his contact with Dr. Charles B. 
Dudley, the first President of the Society, 
with whom he worked in the Pennsyl- 
vania Railroad Laboratory at Altoona, 
Pa. Mr. Bates considered it a privilege 
to have had the honor of being associated 
with these two charter members of the 
Society. He paid an especial tribute to 
Professor Marburg as a great teacher 
and a capable organizer and executive. 

In his lecture, Mr. Bates discussed 
the difficulty of defining cement in the 
ordinary dictionary manner. He cov- 
ered briefly the history of the material 
and discussed in some detail the question 
“What is Portland Cement?” referring 
to the various constituents such as 
tricalcium silicate and the other major 
constituents. He reviewed the reac- 
tions of cement with water and particu- 
larly commented on the new specifica- 
tions for cement in which discussion he 
covered the question of whether five 
types were needed. 

The rapid change in viewpoints on the 
use of admixtures was cited and he re- 
ferred to many studies that are under 
way on the effects of various materials. 
He indicated that there seems to be no 
brighter prospect of improving cements 
as they are now produced other than 
through the use of admixtures. Mr. 
Bates referred to five interesting tests 
developed in recent years for use in 
accepting cement, stating that the trial 
of these methods should be done in an 
open-minded manner. 

Throughout the lecture, Mr. Bates 
stressed the need of additional research 
on many problems. In conclusion he 
referred to the fact that while there 
are still many uncertainties regarding 
the true nature of portland cement, 
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such as its reaction with water, and how 
it will deport itself under certain trying 
conditions, this in no way detracts from 
the proven findings of its tremendous use 
and the fact that the results are star- 
tlingly satisfactory. 

President Morgan in expressing appre- 
ciation to Mr. Bates for his fine 
exposition on a subject of particular 
interest to the A.S.T.M., presented to 
him on behalf of the Society the Edgar 
Marburg Lecture Certificate. 


President Morgan then introduced 
E. E. Thum, Chairman of the Dudley 
Medal Committee, who presented as the 
recipients of the fourteenth award of the 
Charles B. Dudley Medal Messrs. T. F. 
Willis and M. E. De Reus, Research 
Engineer and Junior Engineer, respec- 
tively, Bureau of Materials, Missouri 
State Highway Dept., for their paper on 
“Thermal Volume Change and Elasticity 
of Aggregates and Their Effect on Con- 
crete,” presented at the 1939 annual 
meeting of the Society. The medal is 
awarded annually by the Society to the 
author or authors of a paper of out- 
standing merit constituting an original 
contribution on research in engineering 
materials. Mr. Thum stated that the 
committee believed that the authors of 
this paper eminently merit the recogni- 
tion conveyed by the Dudley Medal, 
since the paper represents an original 
research on the properties of concrete 
aggregates that had developed some 
entirely new information on an impor- 
tant material of construction and that 
by the use of ingenious and simple test 
equipment described, it should stimu- 
late further work in this field. 

On behalf of and as the representative 
of the Society, President Morgan then 
made the fourteenth award of the 
Charles B. Dudley Medal to Messrs. 
T. F. Willis and M. E. De Reus. 

In accepting the medal on behalf of 
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the recipients, Mr. Willis expressed 
deep appreciation of the honor accorded 
by the award of the Dudley Medal and 
stated that the receiving of it would 
serve as a very pleasant stimulus to their 
further work. 


ELEVENTH SESSION—CoRROSION, [RON 
Wednesday, June 26, 8 p.m. 


Session Co-Chairmen: Sam Tour; H. A. 
Schwartz. 


Commitiee A-5 on Corrosion of Iron and 
Steel: 


Report presented by W. H. Finkeldey, 
chairman, and the following actions 


taken: 
Accepted as Tentative; 


Test for Uniformity of Coating by the Preece 
Test (Copper Sulfate Dip) on Zinc-Coated 
(Galvanized) Iron or Steel Articles 

Revisions of: 

Spec. for Electrodeposited Coatings of 
Zinc on Steel (A 164 —- 39 T) 

Spec. for Electrodeposited Coatings of 
Cadmium on Steel (A 165 — 39 T) 

Spec. for Electrodeposited Coatings of 
Nickel and Chromium on _ Steel 
(A 166 - 39 T) 


Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys: 


Report presented by T. S. Fuller, 
chairman. 

Mr. Fuller then presented Mr. L. J. 
Gorman who introduced the authors of 
the following two papers appended to 
the report: 


Some Observations of the Potentials of Metals 
and Alloys in Sea Water—F. L. LaQue and G. 
L. Cox, presented by Mr. LaQue. n 

The Controlling Factors in Galvanic Cor- 
rosion—W. A. Wesley, presented by the author. — 


Joint Committee on Exposure Tests of — 
Plating on the Non-Ferrous Metals: 


Informal progress report presented E 


by William Blum, chairman. 
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Committee A-3 on Cast Iron: 


Report presented in the absence of 
the chairman, by J. T. MacKenzie, 
and the following actions taken: 
Adopted as Standard: 

Spec. for Automotive Gray-Iron Castings 

(A 159 - 35 T) 
Spec. for Lightweight and Thin-Sectioned 
Gray-Iron Castings (A 190-36 T) 
Revision of Spec. for Gray-Iron Castings for 


Valves, Flanges, and Pipe Fittings 
(A 126 — 30) 


Sectional Committee A21 on Specifica- 
tions for Cast-Iron Pipe and Fittings: 


Informal progress report presented, in 
the absence of the chairman, by J. T. 
MacKenzie. 


Commiitee <A-7 


Castings: 


Report presented, in the absence of 
the chairman, by F. L. Wolf, vice- 
chairman. 


Papers: 
The following papers were presented: 


Atmospheric Durability of Steels Containing 
Nickel and Copper—N. B. Pilling and W. A. 
Wesley, presented by Mr. Pilling. 

Mechanical Properties of Gray Cast Iron— 
Jasper O. Draffin, W. Leighton Collins and Carl 
H. Casberg, presented from manuscript by Mr. 
Collins. 

Properties of Commercial Pearlitic Malleable 
Iron—C. H. Lorig,” presented by the author. 

Stress-Strain Relations for Malleable Cast 
Iron in Tension with Special Attention to Yield 
Point Determination—R. D. Landon, presented 
by the author. 


on Malleable Iron 
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TWELFTH SESSION—CEMENT, 
Gypsum, CONCRETE 


Wednesday, June 26, 8 p.m. 


Session Co-Chairmen: President H. H. 
Morgan; M. A. Swayze. an 


Committee C-11 on Gypsum: 


Report presented, in the absence of 
the chairman, by the _ Secretary- 
Treasurer. 


2 Published in ASTM Butietin, No. 105, August 
1940, p. 29. 


SUMMARY OF PROCEEDINGS 


Accepted as Tentative: | 


Revision of Definitions of Terms Relating to 
Gypsum (C 11-31 T) 
Revision of Spec. for Gypsum (C 22-25) 


Adopted as Standard: 
Revisions of: 


Spec. for Gypsum Plasters (C 28 — 39) 
Spec. for Gypsum Molding Plaster 
(C 59 — 30) 
Spec. for 
(C 60 — 30) 
Spec. for Keene’s Cement (C 61 — 30) 
Spec. for Calcined Gypsum for Dental 
Plasters (C 72 — 30) 
Spec. for Gypsum Lath (C 37 — 34) 
Testing Gypsum and Gypsum Products 
(C 26 — 39) 


Report of Committee C-7 on Lime: 


Report presented by J. R. Withrow, 
chairman, and the following action taken: 


Accepted as Tentative: 


Revision of Spec. for Quicklime and Hyd.ated 
Lime for Silica Brick Manufacture (C 49 - 
24); not having been preprinted was 
accepted by unanimous consent subject 
to favorable letter ballot of Committee 
C-7:8 
Section 1.—Change the note following this 

section from its present form to read as 

follows: 

Note.—In the manufacture of silica brick, 
silica in the form of massive quartzite or 
quartz conglomerate is ground until the 
particles are less than } in. in size. Lime 
either in the form of slaked lime or hydrated 
lime is then added in quantities varying from 
1.5 to 3.0 per cent CaO and the shapes are 
molded and dried. They are then burned in 
down-draft or tunnel kilns until most of the 
quartzite has been converted into tridymite 
or cristobalite. 

Section 3.—In the table of chemical compo- 
sition change the requirement for calcium 
oxide from “92.0 per cent” to read “90 per 
cent,” and increase the permissible mag- 
nesium oxide content from “3.0 per cent” 
to read ‘4.5 per cent.” 


Gypsum Pottery Plaster 


_ Committee C-12 on Mortars for Unit 


Masonry: 

Report presented by J. W. McBurney, 
chairman. 

23 Committee C-7 reported results of the letter ballot 


vote as follows: Of a total voting membership of 50, 30 
members returned their ballots, of whom 18 voted affirma- 


tively, 0 negatively. 
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tions for Plastering: 


Informal report presented, in the 
absence of the chairman, by J. W. 

McBurney, secretary. i 


Committee C-1 on Cement: 


Report presented by P. H. Bates, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Portland Cement, to become ef- 
fective September 2, 1940 

Test for Autoclave Expansion of Portland 
Cement 

Revisions of Methods of Chemical Analysis 
of Portland Cement (C 114-39 T), com- 
prising new quick procedures for deter- 
mining silicon dioxide, calcium oxide, 
and magnesium oxide 


Adopted as Standard: 
Spec. for Masonry Cement (C 91 - 38 T), 


this recommendation being approved by — 
unanimous consent with the following — 


changes subject to favorable letter ballot 


of Committee C-1,%* since the report as — 


preprinted had recommended that the 
method as revised be published as tentative: 
Section 6.—Change the last sentence from 
the form as preprinted to read as follows by 


the addition of the italicized words and the ~ 


omission of the figure in brackets: 


flattened end of a glass rod to crush lumps of 
cement, until the cement is completely de- 
composed and the thick gel of SiOz is broken 
up. Cover the beaker with a watch glass, 
place it on a water bath or a hot plate at the 
approximately same temperature for 15 to 
20 min., and stir the contents occasionally 
during the heating. Add 20 ml. of hot 
water to the beaker and stir the contents. 
If the cement contains an appreciable amount 
of manganese as shown by the presence of 
a red or brown residue, add a few milliliters 
of NaNO; solution (5 per cent) to dissolve 
this residue. Boil the contents of the beaker 
until all nitrous fumes are completely ex- 
pelled. This should not take more than 5 
min., and water should be added to replace 
any lost by evaporation. Filter into a 
500-ml. Erlenmeyer flask under suction and 
with a platinum cone to support the filter 
and wash the residue of SiOz until the 
volume of filtrate and washings is about 
150 ml. 
Revision of Standard Methods of Chemical 
Analysis of Portland Cement (C 114- 
_ 39) by the adoption of a new alternate 
method for the determination of phos- 
_ phorus pentoxide and a new method for 


organic substances, not preprinted, ac- 
cepted by unanimous consent subject to 
favorable letter ballot of Committee C-1.% 
Revision of Standard Methods of Sampling 
and Physical Testing of Portland Cement 
(C 77-39), not preprinted, accepted by 


a the determination of chloroform-soluble 


unanimous consent subject to favorable 


Nonstaining cement shall contain not more letter ballot of Committee C-1.26 


than 0.03 per cent of soluble “alkali” when 
tested in accordance with Section [27] 22 of the 
Standard Methods of Chemical Analysis of 
Portland Cement (A.S.T.M. Designation: 
C 114) of the American Society for Testing 
Materials. 

Section 27.—Omit the staining test in- 
cluded in the revision as preprinted. 
Chemical Analysis of Portland Cement 

(C 114-39 T), adoption of Sections 1 to 9 

with the following revision in Section 5, 

not preprinted, accepted by unanimous 

consent: 

Section 5.—Change the first eight sentences 
from their present form to read as follows: 

5. Weigh 1 to 3 g. of the sample (Note 1) 
and 10 g. of NH,NOs into a 150-ml. beaker. 
Mix the contents, treat with 10 ml. of HNO; 


24 Committee C-1 reported results of the letter ballot 


vote as follows: Of a total voting membership of 89, 73 - 


members returned their ballots, of whom 67 voted affirma- 
tively, 0 negatively. Seow 


Section 2.—Change Paragraph (a) from 
its present form to read as follows by the 
addition of the italicized words: 

(a) Samples for purpose of tests shall 
weigh at least 4 lb. each when they are to be 
composited; single test samples, on which all 
specified tests are to be made, shall weigh 
at least 8 lb. 

Sections 2 (b), 3, 4 (a) and (c).—Change 
the number of barrels of cement represented 
by the test sample from “300 bbl.” to read 
bbl.” 

Section 4.—Combine with Section 3, re- 
lettering Paragraph (5) as (c) and change the 
second sentence of present Paragraph (0) 
from its present form: namely, 


25 Committee C-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 89, 73 
members returned their ballots, of whom 67 voted affirma- 
tively, 0 negatively. 

26 Committee C-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 89, 73 
members returned their ballots, of whom 66 voted affirma- 
tively, 2 negatively. 
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Tubes inserted inebielts may be used 


__ where the construction of the storage 
~permits. 


he to read as follows: 


‘This method may be used only when other 


a methods cannot be applied, and great care 


must be exercised in order to obtain samples 
that completely represent the contents 
of the bin. 

Section 5.—Designate this section as 
Paragraph 4 (a) and add a new Paragraph 
(b) to read as follows: 

(5) Composite samples for the tests as 
va required in Section 6 shall be prepared by 


arranging all test samples in groups, each 


group representing the number of barrels 
required by the test or tests for which the 
composite is intended. From each of the 


test samples in a group, equal portions shall 
be taken, sufficient in amount to form a 


Fineness 


Autoclave expansion. . 


SOs) 


- composite large enough to permit the making 
of the required physical or chemical deter- 
mination. The composite sample thus pre- 


_ pared shall be thoroughly mixed before 
using. 
_ New Section—Add a new Section 5 to 


read as follows: 

5. Number of Physical and Chemical Tests. 
—(a) All required physical tests shall be 
made on each test sample, taken as specified 
in Section 3, from trucks and cars, no test 
sample to represent more than one car. 

(6) Physical tests on samples taken from 
bins, boats, warehouses, etc., shall be re- 
quired as follows: 


Time of setting each test sample 
representing each 400 bbl. 
composite sample 
representing each 800 bbl. 
composite sample 
representing each 800 bbl. 
. composite sample 
representing 2000 bbl. 


shall be 


Strength 


(c) Chemical determinations 
required as follows: 


composite sample 
representing 800 bbl. 
All specified chemical 
determinations  (ex- 
composite sample 
representing each 4000 bbl. 


oe. (d) When the total number of barrels 


2 sampled is less than that specified for any 
one of the above test or ‘composite samples, 
all of the respective physical and chemical 
tests shall be made on the quantity sampled. 

Section 10.—Change the first sentence to 
read as follows by the addition of the itali- 
cized word: 


4 


The quantities of dry materials to be _ 
at one time shall be 500 g. for neat cement 
mixtures, and not less than 1000 nor more 
than 1200 g. for briquet mortar mixtures. 

Figure 3.—Change the caption for Fig. 3 
(a) to read as follows by the addition of the 
italicized words: 

(a) Shrinkage Cracks, Shown Above, Due 
to Exposure of Pats to Dry Air During Set- 
ting Are not to Be Considered as Evidences 


Papers: 
The following papers were presented: 


Some Properties of Mortar in Masonry— 
F. O. Anderegg, presented from manuscript 
by the author. 

Tests of 106 Commercial Cements for Sulfate 
Resistance—Dalton G. Miller and Philip W. 
Manson, presented from manuscript by Mr. 
Miller. 

A Method of Measuring Thermal Diffusivity 
and Conductivity of Stone and Concrete— 
W. T. Thomson, presented from manuscript 
by the author. 

The Theory of Concrete Creep—William R. 
Lorman, presented, in the absence of the author, 
by H. S. Meissner. 

Autogenous Volume Changes of Concrete— 
Harmer E. Davis, presented, in the absence of 
the author, by M. A. Swayze. 


THIRTEENTH SESSION—FATIGUE, 
CoRROSION-FATIGUE 


Thursday, June 27, 9.30 a.m. 


Session Co-Chairmen: President H. H. 
Morgan; R. E. Peterson. 


Research Committee on Fatigue of Metals: 


Progress report presented from manu- 
script by H. F. Moore, chairman. 


Papers: 
The following papers were presented: 


Fatigue of Porous Metals—Claus G. Goetzel 
and Richard P. Seelig, presented by Mr. Seelig. 

Fatigue Strength of 2-in. Diameter Axles 
with Surfaces Metal Coated and Flame Har- 
dened—O. J. Horger and T. V. Buckwalter, 
presented by Mr. Horger. 

Fatigue Tests on Zinc-Coated Steel Wire— 
D. G. Watt, presented from manuscript by the 
author. 

A Pulsating Tension-Fatigue Machine for 


BB 


18 
Sm: 
Cor 
in 
Pre 
N. 
TI 
| — 
| 
A 
V 
a 


ForRTY-THIRD ANNUAL MEETING 19 


Small Diameter Wire—John N. Kenyon, 
presented by the author. 

The Effect of Protective Coatings on the 
Corrosion-Fatigue Strength of Steel—Thomas 
J. Dolan and Hugh H. Benninger, presented, 
in the absence of the authors, by H. F. Moore. 

A Corrosion-Fatigue Test to Determine the 
Protective Qualities of Metallic Platings—John 
N. Kenyon, presented by the author. 


FOURTEENTH AND FIFTEENTH SESSIONS 
—SYMPOSIUM ON SPECTROGRAPHIC 
ANALYSIS 


Thursday, June 27, 9.30 a.m. and 2 p.m., 
respectively 


Session Co-Chairmen: Vice-President G. 

E. F. Lundell; H. V. Churchill. 

The Symposium on Spectrographic 
Anatysis represented a frank inter- 
change of views between the engineer or 
metallurgist who develops and _ uses 
metallurgical specifications on the one 
hand, and the analytical spectrographer 
who, on the other, checks such metals 
and alloys for conformance to composi- 
tional requirements. The subject was 
introduced by a paper by Thomas A. 
Wright on “Variables versus Constants 
in Emission Spectrography.” Discus- 
sion then took place under two headings 
as follows: 

Morning Session.—Accuracy Require- 
ments versus Reproducibility Possi- 
bilities, participated in by: 

W. H. Bassett, Jr. Ste G. J. Steele 

E. B. Ashcraft AE. Ruehle 

H. H. Stout, Jr. Merry A. W. Petrey 
Harry A. Bright O. S. Duffendack 


C. B. Frances Lester W. Strock 
M. L. Fuller 


Afternoon Session.—Interpretation of 
Results, participated in by: 


C. C. Nitchie T. S. Fuller 

A. C. Downes J. R. Townsend 
Morris Slavin Tour 

A. W. Kenny tes W. H. Finkeldey 
W. R. Koch 7 metre E. E. Thum 

A. f. Phillips 


In addition there was a considerable 
amount of spontaneous discussion, in 


which quite a number of those in 
attendance participated. 

The symposium was supplemented by 
a separate session on Spectrochemical 
and Microanalytical Procedures held on 
Wednesday afternoon at 2 o’clock, 
under the chairmanship of B. F. Scrib- 
ner, at which time the following illus- 
trated talks were given: 


Spectrochemistry of Iron and Steel—H. B. 
Vincent; illustrated by motion pictures. 

Applications of Spectroscopy, Infrared and 
X-rays in Chemical Analysis—J. D. Hanawalt; 
illustrated by colored slides. 

Industrial Applications of Microchemistry— 
G. L. Royer; illustrated by motion pictures. 


SIXTEENTH SESSION—EFFECT OF i 
TEMPERATURE, CREEP 


Thursday, June 27, 2 p.m 


Session Chairman: H. J. French. _ 


Joint Research Committee on Effect of 
Temperature on the Properties of 
Metals: 


Report presented by N. L. Mochel, 
chairman, and the following papers, 
appended to the report, were presented 
as indicated: 


Study of Effects of Variables on the Creep 
Resistance of Steels—H. C. Cross and J. G. 
Lowther, presented by Mr. Cross. 

List of Published Reports with Reference to 
Tests on 0.35 per cent Carbon Steel K20— 
prepared by P. E. McKinney, A. B. Bagsar, 
E. L. Robinson and J. S. Worth, presented 


Papers: bow 
The following papers were presented: 


High-Speed Tension Tests at Elevated 
Temperatures—M. Manjoine and A. Nadai, 
presented by Mr. Manjoine. 

The Creep Strength of 17 Low-Alloy Steels 
at 1000 F.—R. F. Miller, W. G. Benz and 
W. E. Unverzagt, presented by Mr. Miller. 

Some Effects of Composition and Heat 
Treatment on the High Temperature Rupture 
Properties of Ferrous Alloys—R. H. Thiele- 
mann, presented by the author. 

High Temperature Rupture and Creep Tests 


L. by the author. 
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SEVENTEENTH SESSION—PETROLEUM 


Propucts, BiIruMINoUsS MATERIALS, 
wel Roap MATERIALS, SOILS 


a. ne Thursday, June 27, 8 p.m. 


Session Co-Chairmen: H. S. Mattimore; 
E. F. Kelley. 


Committee D-2 on Petroleum Products 
> and Lubricants: 


Report presented, in the absence of 
the chairman, by R. P. Anderson, and 
the following actions taken: 


‘| 
A ccepted as Tentative: 


Test for Carbonizable Substances in White 
Mineral Oil (Liquid Petrolatum) with the 
following changes not preprinted, approved 
by unanimous consent, subject to favorable 
letter ballot of Committee D-2.”" 

Section 2 (a).—Change the second sentence 
from its form as preprinted to read as fol- 
lows by the addition of the italicized word and 
figures: 

The tube shall be 140 + 1 mm. in length 
and 14 + 1 mm. in outside diameter, and 
shall be calibrated at the 5 + 0.2-ml. and 10 
+ 0.2-ml. liquid levels. 

Test for Dropping Point of Lubricating 

Grease 
Method of Calculating Viscosity Index 
Revisions of: 

Test for Carbon Residue of Petroleum 

Products (Ramsbottom Carbon Residue) 


- consent, subject to favorable letter ballot 
of Committee D-2:% 

Section 2 (c).—Change the first sentence to 
read as follows by the addition of the itali- 
cized word: 

A molten or solid metal bath with suitable 
arrangements for heating to a uniform 
temperature of 1022 F. 

Test for Distillation of Plant Spray Oils 

(D 447 — 39 T) 
Test for Vapor Pressure of Petroleum 
Products (Reid Method) (D 323 - 39 T) 
Test for Gum Stability of Gasoline (D 525 


27 Committee D-2 reported results of the letter ballot 
vote as follows: Of a total voting membership of 94, 62 
members returned their ballots, of whom 41 voted affirma- 
tively, 0 negatively. 
28 Committee D-2 reported results of the letter ballot 
: vote as follows: Of a total voting membership of 94, 62 
; a members returned their ballots, of whom 61 voted affirma- 
tively, 0 negatively. 


SUMMARY OF PROCEEDINGS = 


~ 39 T), with the following changes not 
preprinted approved by unanimous con- 
sent, subject to favorable letter ballot 
of Committee D-2:?° 
Figure 1.—Change the description, 
“Octagon 2?” Across Flats’’ to read “Octagon 
23” Across Flats.” 
Section 2 (a).—Change the second sentence 
from its present form: namely, 
The composition of the gasket shall be 
approximately 80 per cent lead, 10 per cent 
antimony, and 10 per cent tin. 


to read as follows: 


Any suitable gasket may be used that will 
not react with oxygen.* 


* Reactivity with oxygen is determined by the 
following test: Place the gasket under test in the 
bomb in the absence of gasoline and use a gasket of 
similar composition in the attachment of the cover. 
Fill the bomb with oxygen to a pressure of 100 psi. and 
immerse the bomb ina bath maintained at a —o- 
ature of 211.5 + 0.5 F. If the pressure does not drop 
more than 2 Ib, in a 24-hr. period, the gasket may 
be considered nonreactive in the presence of oxygen. 


Spec. for Gasoline (D439-37T), with 
the following changes not preprinted 
approved by unanimous consent, subject 
to favorable letter ballot of Committee 
D-2.% 

Table I.—Change the heading over the 
distillation temperatures to read as follows: 
Minimum Percentages to be Evaporated at 

Temperatures, deg. Fahr., Shown Below 

10 per cent 50 per cent 90 per cent 


Change octane numbers of 75, 67, and 45 
to read 77, 70, and 50, respectively, wherever 
they occur in the table. 

Change the reference to “1937” to read 
**1940” in footnotes “6b” and ‘“d”’. 

Test for Distillation of Crude Petroleum 
(D 285 —- 36), with the following change 
not preprinted approved by unanimous 
consent, subject to favorable letter ballot 
of Committee D-2:* 

Special Procedure.—Introduce a new Sec- 
tion 8 to read as follows: 

8. Special Procedure for Obtaining Large 
Volumes of Distillate—If it is necessary to 
obtain quantities of distillate large enough 
for octane ratings or other special tests, the 
29 Committee D-2 reported results of the letter ballot 

vote as follows: Of a total voting membership of 94, 62 
members returned their ballots, of whom 51 voted affirma- 
tively, 0 negatively. 

30 Committee D-2 reported results of the letter ballot 
vote as follows: Of a total voting membership of 94, 62 
members returned their ballots, of whom 53 voted affirma- 
tively, 0 negatively. 

31 Committee D-2 reported results of the letter ballot 
vote as follows: Of a total voting membership of 94, 62 
members returned their ballots, of whom 52 voted affirma- 
tively, 1 negatively. 
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following procedure may be used: A charge 
of crude oil shall be distilled in equipment 
of suitable size to provide the desired amount 
of naphtha distillate in a single run or in 
a small number of runs. The equipment 
shall be so designed and operated that it 
duplicates both the yield and the quality of 
the distillate obtained by use of the regular 
procedure with a 300-ml. charge. The 
following criteria shall be considered in 
deciding whether the two procedures give 
equivalent results: 

(a) Yields of naphtha distillate shall not 
differ by more than 1 per cent. 

(b) The distillation curves of the naphtha 
fractions shall not differ at any point by more 
than 2.0 per cent. 


Adopted as Standard: 


Test for Unsulfonated Residue of Plant 
Spray Oils (D483-38T), as revised 

Spec. for Stoddard Solvent (D 484 - 38 T), 
as revised 

Revisions of: 

Test for Distillation of Gasoline, Naphtha, 
Kerosine, and Similar Petroleum Prod- 
ucts (D 86 - 38) 

Test for Distillation of Natural Gasoline 
(D 216 - 39) 

Test for Flash Point by Means of the 
Pensky-Martens Closed Tester (D 93 
— 36) 

Analysis of Grease (D 128 - 37) 

Test for Knock Characteristics of Motor 
Fuels (D 357 — 39), with the following 
additional change not preprinted ap- 
proved by unanimous consent, subject 
to favorable letter ballot of Committee 
D-2:% 

Section 3 (t).—Change the last sentence 
to read as follows by the addition of the 
italicized words and the omission of the 
words and figures in brackets: 

The use of a short straight-through muffler, 
or equivalent with passage [1} in. in diameter] 
not less than the diameter of the exhaust pipe 
is permissible. 

Appendix II.—Change the heading of the 
first column of Table I from its form as pre- 
printed, “Approximate Altitude, ft.” to read 
“Nearest Altitude, ft.” 

Test for Precipitation Number of Lubricating 
Oils (D 91-35) and Test for Water in 
Petroleum Products by Means of Cen- 
trifuge (D 96-35), with the following 
change not preprinted approved by 


32 Committee D-2 reported results of the letter ballot 
vote as follows: Of a total voting membership of 94, 62 


members returned their ballots, of whom 48 voted affirma- 


tively, 0 negatively. 
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unanimous consent, subject to favorable 

letter ballot of Committee D-2:%* 

Centrifuge Tubes.—Change the calibration 
requirements in the range 1 to 3 ml. to read 
as follows: 


Range, ml. Scale Division, Limit of Num- 
ml. Error, ml. bered, ml. 
0.1 2 
0.1 3 


Test for Water in Petroleum Products and 
Other Bituminous Materials (D 95 — 30), 
with the following change not preprinted 
approved by unanimous consent, presented 
jointly with Committee D-4 on Road 
Materials, subject to favorable letter 
ballot of Committee D-2 :% 

Section 5. (a).—In the note following this 
section change the last sentence to read 
as follows, by the addition of the italicized 
words and figures and the omission of those 
in brackets: 

This tube shall be graduated from 0 to 
[25 ml.] 2 ml. in 0.1-ml. divisions and from 
2 to 25 ml. in 0.2-ml. divisions (see Fig. 3 (c) 
of the Standard Methods of Testing Emul- 
sified Asphalts (A.S.T.M. Designation: D 244) 
of the American Society for Testing 
Materials). 


Publication as Information Only: 


Proposed Method of Test for Aniline Point 
of Petroleum Products 
Proposed Method of Test for Ignition Quality 
of Diesel Fuels 
Diesel-Fuel-Oil Classification 
The revised Method of Test for Neutraliza- 
tion Number of Petroleum Products and Lu- 
bricants was recommended and accepted for 
publication as information rather than as a 
revision of Tentative Method D 188 - 27 T, 
as indicated in the preprinted report, subject to 
favorable letter ballot of Committee D-2.* 


Sectional Committee Z1l on Petroleum 
Products and Lubricants: 


Report presented from manuscript, 
in the absence of the chairman, by T. G. 
Delbridge, vice-chairman. 


33 Committee D-2 reported the following results of the 
letter ballot vote of a total of 62 ballots returned from a 
voting membership of 94: D 91, affirmative 54, negative 1; 
D 96, affirmative 57, negative 1. 

#4 Committee D- 2 reported results of the letter ballot 
vote as follows: Of a total voting membership of 94, 62 
members returned their ballots, of whom 58 voted affirma- 
tively, 0 negatively. 

35 Committee D-2 reported results of the letter ballot 
vote as follows: Of a total voting membership of 94, 62 
members returned their ballots, of whom 56 voted affirma- 


tively, 2 negatively. 
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Committee D-4 on Road and Paving 
Materials: 


Report presented by E. F. Kelley, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Materials for Stabilized Base Course — 


Spec. for Materials for Stabilized Surface 
Course 


Adopted as Standard: 


Spec. for Quick-Setting Emulsified Asphalt 
(for Penetration and Surface Treatment) 
4 (D 401 - 36 T) 
Spec. for Asphalt Plank (D 517 — 38 T) 
} Revision of Test for Water in Petroleum 
Products and Other Bituminous Materials 
(D 95 — 30), this change, as given above,** 
being presented jointly with Committee 
D-2 on Petroleum Products and Lubri- 
cants, was accepted by unanimous con- 
sent. 
Revision of Tests for Emulsified Asphalts 
(D 244 — 39), with the change given below, as 
recommended jointly with Committee D-8 on 
Bituminous Waterproofing and Roofing 
Materials, was accepted by unanimous con- 
sent. 


Withdrawal of Tentative Standard: 


Test for Abrasion of Gravel by Use of the 
Deval Machine (D 289 — 37 T). tit: 


Publication as Information Only: — 


Proposed Specifications for Preformed Ex- 
pansion Joint Filler for Concrete 

Proposed Methods of Testing Preformed 
Expansion Joint Fillers for Concrete 


Committee D-8 on Bituminous Water- 
proofing and Roofing Materials: 


Report presented by J. M. Weiss, 
-chairman, and the following actions 


oa Revisions of Spec. for Woven Cotton Fabrics 


Saturated with Bituminous Substances 
for Use in Waterproofing (D 173 - 39 T). 


Adopted as Standard: 


Test for Sieve Analysis of Granular Mineral 


Surfacing for Asphalt and Shingles 
(D451 -37 T) 

Test for Sieve Analysis of Nongranular 
Mineral Surfacing for Asphalt Roofing 
and Shingles (D 452 - 37 T). 

Methods of Testing Emulsified Asphalts 
(D 244-39), with the following change, 
not preprinted, accepted by unanimous 

s consent, presented jointly with Committee 

_ D-4 on Road and Paving Materials. 

. Section 8 (f).—Change the first sentence 
to read as follows by the addition of the 
italicized words and figures and the omission 
of those in brackets: 

The trap shall be made of well-annealed 
glass constructed in accordance with Fig. 3 
(c) and shall be graduated from 0 to [25 ml.] 
2 ml. in 0.1-ml. divisions, and from 2 to 25 
ml, in 0.2-ml. divisions. 


Committee D-18 on Soils for Engineering 
Purposes: 


Report presented by H. F. Clemmer, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 

Test for Moisture-Density Relations of Soil- 
Cement Mixtures 

Wetting-and-Drying Test of Compacted 
Soil-Cement Mixtures 

Freezing-and-Thawing Test of Compacted 
Soil-Cement Mixtures 

Revision of Methods of Surveying and 
Sampling Soils for Highway Subgrades 
(D 420 — 35 T) 

The recommendation for acceptance 
as tentative of the Method of Test for 
Water Absorption and Resistance to 
Plastic Flow of Mixtures of Soil and 
Emulsified Asphalt was discussed and 
on motion was referred to Committee 
E-10 on Standards. 

Colored moving pictures illustrating 
the procedures followed in the testing 
of soils, both in the laboratory and in 
the field, were shown through the 
courtesy of C. A. Hogentogler. Row 
Papers: 
The following papers were presented: 


A Study of the Recovery of the Bitumen 
from Soft Asphalt Cements by the Bussow 
Method—Carl Bussow, presented by the author. 


Rheological Interpretation of Asphalt Tests 
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—R. N. Traxler, H. E. Schweyer, and J. W. 
Romberg, presented from manuscript by Mr. 
Traxler. 

The Measurement of the Deformation Prop- 
erties of Asphalts—T. F. Ford and K. G. 
Arabian, presented from manuscript by Mr. 
Ford. 

The Mechanics of Granular and Granular- 
Plastic Materials, with Special Reference to 
Bituminous Road Materials and Subsoils— 
V. A. Endersby, presented from manuscript 
by the author. 


EIGHTEENTH SESSION—CONCRETE 
(continued from Twelfth Session) 


SANFORD E. THompson AWARD 
Thursday, June 27, 8 p.m. 


Session Chairman: Stanton Walker. 


Committee C-9 on Concrete and Concrete 
Aggregates: 


Report presented by F. H. Jackson, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Test for Efficiency of Materials for Curing 
Concrete 

Test for Volume Change of Cement Mortar 
and Concrete 

Revision of Test for Compressive Strength 
of Concrete (C 39 — 39) 


Adopted as Standard: 


Revision of Spec. for Concrete Aggregates 
(C 33-39), with the following change 
not preprinted approved by unanimous 
consent, subject to favorable letter ballot 
of Committee C-9;97 
Section 11 (k).—Omit this section which 

reads as follows, as the method referred to 

has been discontinued: 

(k) Soft Fragments—Method of Test for 
Quantity of Soft Pebbles in Gravel, Standard 
Method T-8 of The American Association 
of State Highway Officials. 


The chairman then introduced Sanford 
E. Thompson in whose honor the San- 
ford E. Thompson award had been es- 


2% Committee C-9 reported results of the letter ballot 
vote as follows: Of a total voting membership of 68, 55 


members returned their ballots, of whom 52 voted affirma- — 


tively, 1 negatively. 
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tablished by Committee C-9 in horior of 
the first chairman of the committee, 
and for the purpose of stimulating re- 
search and to encourage investigations 
that extend the knowledge of concrete 

and concrete aggregates. 

Mr. Thompson recalled briefly some 
of the early research activities of the 
committee and stressed the important 
progress made in its standardization 
work, particularly the development of 
testing procedures. He pointed out 
that the subject of the winning paper 
was directly in line with the original 
aims of Committee C-9, namely, the 
attainment of durable concrete. He 
stated that the authors had studied the 
effects of different constituents with 
volume changes and elasticities with 
special reference to durability in weath- 
ering and had incorporated basic factors 
considered by Committee C-9 to be 
essential in a paper meriting the award, 
namely, originality of approach, skill in 
execution, and stimulation to further 
work in an important field of concrete 
research. 

Mr. Thompson then introduced the 
recipients of the award, Messrs. T. F. 
Willis and M. E. De Reus for their paper 
on “Thermal Volume Change and Elas- 
ticity of Aggregates and Their Effect on 
Concrete,” presented at the 1939 annual 
meeting. On behalf of the committee 
Mr. Jackson then presented to the 
authors the certificate of the Sanford E. 
Thompson Award. 

On behalf of the recipients Mr. De- 
Reus expressed appreciation of the honor 
of the award. 


Committee C-13 on Concrete Pipe: 


Informal progress report presented, 
in the absence of the chairman, by 
E. F. Kelley. The report summarized 
the tentative revision of the Standard 
Specifications for Concrete Sewer Pipe 
(C 14-35), for Reinforced-Concrete Sewer 
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Pipe (C75 - 35) and for Reinforced-Con- 
crete Culvert Pipe (C 76 — 37) to be sub- 


mitted to Committee E-10 on Standards 
subsequent to the Annual Meeting. 


Papers: 


The following papers were presented: 


The Soundness of Chert as Measured by 
Apparent Specific Gravity and Absorption— 
Charles E. Wuerpel and E. P. Rexford, pre- 
sented by Mr. Wuerpel. 

The Influence of Test Methods on Moisture 
Absorption and Resistance of Coarse Aggregate 
to Freezing and Thawing—F. N. Wray and 
H. J. Lichtefeld, presented, in the absence of 
the authors, by T. F. Willis. 

Designing Concrete Mixtures for Pavements 
—W. F. Kellermann, presented from manu- 
script, in the absence of the author, by F. H. 
Jackson. 

Measuring Changes in Physical Properties 
of Concrete by the Dynamic Method—W. T. 
Thomson, presented by the author. 


NINETEENTH SESSION—TEXTILES, 


Session Chairman: H. J. Ball. a 
Committee D-13 on Textile Materials: 


Report presented by W. H. Whit- 
comb, secretary, and the following 
actions taken: 


Accepted as Tentative: 


Spec. for All Wool, All Cotton, and Wool 
and Cotton Blanketing (Household) 
Testing Woven Asbestos Cloth 
Testing and Tolerances for Glass Yarn 
Testing and Tolerances for Woven Glass 
Tapes 
Testing and Tolerances for Woven Glass 
Fabrics 
Testing and Tolerances for Woven Glass 
Tubular Sleeving and Braids 
Test for Resistance of Fabrics to Water, 
subject to review and final decision by the 
al Executive Committee since the apparatus 
_ for the water penetration (drip) method 
is similar to that covered bya U.S. patent.** 
Test for Resistance of Fabrics and Yarns to 
Moths 


38 The Executive Committee approved the acceptance 
of these methods for publication as tentative. 


SUMMARY OF PROCEEDINGS 


Test for Shrinkage of Grease Wool (Labora- 
tory Scale Operations) 
Revisions of: 

Spec. for Bleached Wide Cotton Sheeting 
(D 503 — 38 T) 

Spec. and Test for Fineness of Wool Tops 
(D 472 — 37 T) 

Test for Apparent Fluidity of Dispersions 
of Cellulose Fibers in Cuprammonium 
Hydroxide (D 539 — 39 T) 

Definitions of Terms Relating to Textile 
Materials (D 123 —- 39 T) 

Spec. for Textile Testing Machines 
(D 76 — 39) 

Spec. and Test for Asbestos Roving for 
Electrical Purposes (D 375 - 37) 

Spec. and Test for Asbestos Yarns 
(D 299 — 37) 

Spec. and Test for Asbestos Tape for Elec- 
trical Purposes (D 315 — 37) 

Tests and Tolerances for Cotton Sewing 
Threads (D 204 - 39) 

Tests and Tolerances for Tire Cord, Woven 
and on Cones (D 179 — 38) 


Adopted as Standard: 
Soaps, PaAtnt, TIMBER, PAPER, 


FUELS 
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Spec. for Terry (Turkish) Toweling 
(D 505 - 38 T) 

Testing and Tolerances for Continuous 
Filament Rayon Yarns (D 258 - 39 T) 
Test for Fiber Length of Wool (D 519 — 38 T) 
Testing Wool Felt (D 461 — 38 T), as revised 
Definitions of Terms Relating to Textile 

Materials (D 123 — 39 T) 


Revisions of: 
Testing and Tolerances for Cotton Yarns 
and Thread (D 180 - 37) 
Testing and Tolerances for Hose Ducks 
and Belt Ducks (D 181 — 36) 
Testing Pile Floor Covering (D 418 — 39) 
Spec. for Textile Testing Machines (D 76 


— 39) 

Spec. and Test for Cotton Goods for 
Rubber and Pyroxylin Coating 
(D 334 — 34) 


Withdrawal of Tentative Revision of Standard: 
Testing Woven Textile Fabrics (D 39 — 39) 


Committee D-12 on Soaps and Other 
Detergents: 


Report presented by H. P. Trevithick, 
chairman, and the following actions 
taken: 


Accepted as Tentative: ee 


Spec. for Olive Oil Solid Soap 
Spec. for Salt-Water Soap 
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Spec. for Pyrophosphate (An- 
hydrous) 
Spec. for Sodium Sesquisilicate 


Revisions of: 

Spec. for Palm Oil Bar Soap (D 535 - 39 T) 

Sampling and Chemical Analysis of Special 
Detergents (D 501 - 39 T) 

[Definitions of Terms Relating to Soaps 
and Other Detergents (D 459 — 39 T) 

Sampling and Chemical Analysis of Soaps 
and Soap Products (D 460 - 39) 


Reversion of Standard to Tentative: 


Definitions of Terms Relating to Soaps and 
Other Detergents (D 459 — 39), as revised 


Committee D-17 on Naval Stores: 


Report presented, in the absence of 
the chairman, by V. E. Grotlisch. 


Committee D-1 on Paint, Varnish, Lac- 
quer, and Related Products: 


Report presented by H. E. Smith, 
chairman. The recommendations on 
standards appearing in the report were 
presented by M. Rea Paul, secretary, 
and the following actions taken: 


Accepted as Tentative: 


Spec. for Titanated Lithopone, to be added, 
when adopted, to Standard Spec. D 477 
— 39 

Spec. for Ultramarine Blue, to replace Stand- 
ard Spec. D 262 — 28 

Spec. for Carbon Black 

Test for Consistency of Enamel Type Paints, 
with two editorial changes in Section 2, 
changing “shearing stress” to read 
“weight,” and “rate of shear” to read 

Test for Phthalic Anhydride Content of 
Alkyd Resin Solutions 

Testing Liquid Driers 

Revision of Definitions of Terms Relating 
to Paint (D 16-24), with the following 
changes, not preprinted, accepted by 
unanimous consent, subject to favorable 
letter ballot of Committee D-1,* this 
recommendation resulting from a change 
by the committee in the report as pre- 
printed which had recommended the 
immediate adoption as standard of the 
revised definitions: 


39 Committee D-1 maparene results of the letter ballot 
vote as follows: Of a total voting membership of 185, 124 
members returned their ballots, of whom 114 voted affirma- 
tively, 1 negatively. 


Amorphous and Crystalline——Delete the 
definitions of these two terms. 

Hue.—Change from the form as preprinted 
to read as follows: 

Hue.—An attribute of color which deter- 
mines whether the color is red, yellow, green, 
blue, purple, or an intermediate. 

Paint.—Change the first paragraph of 
this definition from the form as preprinted 
to read as follows: 

Paint.—A pigmented liquid composition 
which is converted to an opaque solid filled 
after application as a thin layer. 

Shade.—Change from the form as pre- 
printed to read as follows: 

Shade.—A term descriptive of a lightness 
difference between surface colors, the other 
attributes of color being essentially constant. 
A lighter shade of a color is one that has 
higher lightness but approximately the same 
hue and saturation; and a darker shade is 
one that has a lower lightness. 

Note.—Primarily the term “shade” is 
derived from shadow and designates a change 
in appearance analogous to that produced 
by a local reduction in illumination. It 
should, therefore, when strictly used, express 
only the change toward a darker color. 
Shade of a color has been defined by several 
authorities as the mixture of black with that 
color, thus establishing its opposite char- 
acter to “tint,” but by extension of its 
relative sense it has been frequently and 
widely used to include lighter shades by use 
of the adjective “lighter” or “paler.” Al- 
though such expressions apparently involve 
a contradiction, it is clear that while we may 
have a shade of a color, or darker color of the 
same sort, it is easy to conceive of another 
shade not quite so dark and therefore lighter. 

Tone and Water.—Delete the definitions 
of these two terms. 

Varnish.—Change from the form as pre- 
printed to read as follows: 

Varnish.—A liquid composition which is 
converted to a transparent or transluscent 
solid filled after application as a thin layer. 
Revision of Chemical Analysis of White 

Linseed Oil Paints (D 215 - 37) 
Revision of Methods of Sampling and Testing 

Turpentine (D 233 - 36), with the follow- 

ing change in the revision as preprinted to 


_ clarify the section and avoid any possible 


misunderstanding: 

Section 9 (d).—Change from the form as 
preprinted to read as follows: 

(d) Thermometer—An A.S.T.M. tur- 
pentine distillation thermometer, 3-in. partial 
immersion, having a range of 148 to 182 C., 
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& in the Standard Specifications for 
 AS.T.M, 


vow 


conforming to the requirements for this 
thermometer as prescribed in the Tentative 
Specifications for A.S.T.M. Thermometers 
(A.S.T.M. Designation: E1-40T) shall 
used.* 


* The short total immersion turpentine distillation 
thermometer, having a range of 145 to 200 C., conform- 
ing to the requirements for this thermometer as pre- 
J Thermometers (A.S.T.M. Designation: 


E 1 - 39) of the American Society for Testing Mate- 
rials, may be used in lieu of the new standard 3-in. 


partial immersion turpentine distillation thermom- 
po eter, if desired. 


Al 
Adopted as Standard: 


Spec. for Zinc Dust (Metallic Zinc Powder) 
(D520 - 39 T) 
_ Chemical Analysis of Zinc Dust (Metallic 
Zinc Powder) (D 521-39T), as revised 
Test for Reactivity of Paint Liquids 
(D 479 - 38 T) 


Revisions of: 


Spec. for Leaded Zinc Oxide (D 80 — 24) 

Spec. for Mineral Iron Oxide (D 84 — 27) 

Spec. for Ocher (D 85 — 27) 

Spec. for Chrome Yellow (D 211-27) 

Spec. for Pure Chrome Green (D 212-27) 

Spec. for Reduced Chrome Green (D 213 - 27) 

Spec. for Prussian Blue (D 261 — 39) 

Spec. for Chrome Oxide Green (D 263 -28) 

Spec. for Reduced Para Red (D 264 — 39) 

Spec. for C. P. Para Red Toner (D 475 — 39) 

Spec. for C. P. Zinc Yellow (Zinc Chromate) 
(D 478 — 39) 

Sampling and Analysis of Shellac (D 29 - 39) 

Testing Nitrocellulose Clear Lacquers and 
Lacquer Enamels (D 333 — 37) 

Spec. for Normal Butyl Acetate (88 to 92 
per cent Grade) (D 303 - 33) 

Spec. for Butanol (Normal Butyl Alcohol) 
(D 304 — 33) 

Spec. for Amy] Alcohol (Synthetic) (D 319 
— 33) 

Spec. for Butyl Propionate (90 to 93 per cent 
Grade) (D 320 - 33) 

Spec. for Ethyl 
(D 321 — 33) 


Withdrawal of Standards: 


Spec. for Ultramarine Blue (D 262 — 28) 

Definitions of Terms Relating to Paint 
(D 16-24), this recommendation, not 
preprinted, accepted by unanimous consent 
subject to favorable letter ballot of 
Committee 


Lactate (Synthetic) 


40 Committee D-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 185, 124 
members returned their ballots, of whom 111 voted affirma- 


tively, 0 negatively. 


SUMMARY OF PROCEEDINGS 


A report on “Accelerated Weathering 
Tests of Enamels on Steel and Correla- 
tion with Outdoor Exposure,” prepared 
by Group 2 on Oleoresinous Type 
Enamels, of Subcommittee VII, and 
submitted by Committee D-1 for inclu- 
sion aS an appendix to its report was 
accepted, subject to review by Com- 
mittee E-6 on Papers and Publications. 


Committee D-7 on Timber: 


Report presented, in the absence of 
the chairman, by the chair and the 
editorial change in the Tentative Method 
of Test for Tar Acids in Creosote 
and Creosote- Coal Tar Solutions 
(D 453-39 T) was accepted. 


Committee D-6 on Paper and Paper 
Products: 


Report presented by L. S. Reid, secre- 
tary, and the following actions taken: 


Accepted as Tentative: 


Sampling Paper and Paper Products a 

Test for Casein in Paper (Qualitative) Ba 

Test for Alpha-, Beta-, and Gamma-Cellulose 
in Paper 

Test for Starch in Paper 

Test for Paraffin Content of Waxed Paper 

Test for Opacity of Paper and Paper Products 

Test for Ash Content of Paper and Paper 
Products 


Committee D-3 on Gaseous Fuels: 
Report presented, in the absence of 


the chairman, by W. A. Selvig. 


Committee D-5 on Coal and Coke: 


Report presented, in the absence of 
the chairman, by H. C. Porter, vice- 


chairman, and the following actions 
taken: 


Accepted as Tentative: 
Revision of Methods of Sampling Coals 


Classed According to Ash Content 
(D 492 - 38 T) 


Adopted as Standard: 


Revision of Methods of Sampling Coal for 
Analysis (D 21 - 16) 

Revision of Methods of Laboratory Sampling 

_ and Analysis of Coal and Coke (D 271 - 37) 
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FoRTY-THIRD ANNUAL MEETING 


In presenting the report, Mr. Porter 
announced that Committee D-5 at its 
meeting on June 27 had taken action to 
modify the report as preprinted, this 
action requiring the following changes 
in the report as preprinted: 


Delete from page 1 of the report the second 
recommendation affecting standards proposing 
the adoption as standard of the Tentative Def- 
inition of the Term Coke (D 121 — 26 T), as 
revised; also eliminate this item from the letter 
ballot table on page 2. 

Under activities of Subcommittee II on 
Nomenclature and Definitions appearing on 
page 2 of the report as preprinted, substitute 
for the first sentence which reads as follows: 

This subcommittee recommends for adoption 
as standard a revised form of the Tentative 
Definition of the Term Coke (D 121-26 T) 
as mentioned earlier in this report. 


the following: 


At a meeting of Committee D-5 held in 
Detroit, Mich., on March 5, 1940, this sub- 
committee recommended for adoption as 
standard a revision of the Tentative Definition 
of the Term Coke (D 121 — 26 T), as follows: 

Coke.—(a) The solid, cellular, coherent resi- 
duefrom destructive distillation of bituminous 
coal, said residue having such physical 
structure as results from the hardening of a 
fused or semiliquid mass. 

(b) If used with appropriate qualifying 
adjective, a similar residue from petroleum, 
pitch, and some other carbonaceous materials. 
This recommendation was submitted to 

letter ballot of Committee D-5 which consists 
of 44 members; 37 members returned their 
ballots, of whom 32 have voted affirmatively, 
2 negatively, and 3 members marked their 
ballots “not voting.” However, in deference 
to a written request dated June 24, 1940, from 
the Executive Committee of the Society ad- 
dressed to the chairman of Committee D-5, 
it was voted at a meeting of Committee D-5 
held on June 27, 1940, not to present this 
revised definition at the annual meeting of 
the Society. 


The above change in the report as 
recommended by the committee was 
discussed, and on motion the report as 
amended was accepted with one dis- 


senting vote. 
3 + 


= 


The following papers were presented: 


The Creep Phenomenon in Ropes and Cords 
—Carlton G. Lutts and David Himmelfarb, 
in the absence of the authors, presented by 
title. 

An Extraction Method for the Determina- 
tion of Metals in Boiled Linseed Oil and Driers 
—Frank Gottsch and Benjamin Grodman, 
presented by Mr. Gottsch. 

TWENTIETH SESSION—NON-FERROUS 
METALS 


Friday, June 28,9.30a.m. 
: 


Session Chairman: T.S. Fuller. 


Commitiee B-5 on Copper and Copper 
Alloys, Cast and Wrought 


Report presented by C. H. Greenall, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Spec. for Cartridge Brass Cartridge Case 

Cups 
Spec. for Gilding Metal Sheet and Strip 
Spec. for Gilding Metal Bullet Jacket Cups, 

_ with the following additional changes not 
preprinted accepted by unanimous con- 
sent, subject to favorable letter ballot 

of Committee B-5:‘! 

Section 1.—Change from the form as pre- 
printed to read as follows: 

1. These specifications cover one grade of 
gilding metal cups of the following types 
and classes for the manufacture of bullet 
jackets. 

Type I.—Caliber 0.30 

Type IT.—Caliber 0.45 

Type III.—Caliber 0.50 

Type IV.—As specified in the contract 
or order 


Class I.—Not annealed 
Class II.—Annealed 
Class III.—As specified in the contract 
or order 
Section 7.—Change from the form as pre- 
printed to read as follows: 
7. (a) The grain size as determined on 


41 Committee B-5 reported results of the letter ballot 
vote as follows: Of a total voting membership of 80, 54 
members returned their ballots, of whom 30 voted affirma- 
‘tively, 0 negatively. 
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the ope in the following 


table: 
Class G ’ 
On On Sidewall? 
0.015 to 0.040 
hate Nesey 0.015 to 0.050 0.015 to 0.040 
As specified in the contract 


ie? approximately the center of the base. 

ae » Approximately midway of the length of the side 

a 

(b) When viewed at a magnification of 

75 X the average grain size of selected 
areas 79.8 mm. in diameter shall not exceed 
these limits. 

Section 12.—Add the words “and class” 
after the word “type.” 

Spec. for Copper Rods and Bars, with the 
following changes, not preprinted, ac- 
cepted by unanimous consent, subject to 
favorable letter ballot of Committee 
B-5.% 

Section 1.—Add the following Paragraph 

to this section: 

ef (c) Type A material is processed to con- 

form to the Rockwell hardness requirements 
specified in Section 6. Type B material is 
processed to conform to the tensile require- 
ments prescribed in Table I. 

Section 6.—Include headings of “minimum” 
and “maximum” in the table of Rockwell 
hardness numbers for the B and F Scales. 

Section 9.—Change the electrical resis- 
tivity equivalents from the form as pre- 
printed to read as follows: 


Condition Electrical Resistivity 


a ohm (meter, gram) 
0.15436 
0.15775 


as follows: 


Electrical Resistivity ama Conductivity 
ohm (meter, gram) per cent ‘ 


99.30 


Spec. for Brass Wire 
Spec. for Leaded High-Strength Yellow Brass 
(Manganese Bronze) Castings 
Spec. for Miscellaneous Brass Tubes, with 
the following changes, not preprinted, 
accepted by unanimous consent, subject 
to favorable letter ballot of Committee 
B-5:8 
4 Committee B-5 reported results of the letter ballot 
vote as follows: Of a total voting membership of 80, 54 
members returned their ballots, of whom 34 voted affirma- 
tively, 0 negatively. 
43 Committee B-5 reported results of the letter ballot 
vote as follows: Of a total voting membership of 80, 54 


members returned their ballots, of whom 37 voted afirma- 
tively, 0 negatively. 


Also change the electrical resistivity and 
3 conductivity equivalents in the note to read 


Section 1 —Add the words “in straight 
lengths” at the end of the first sentence. 

Table I.—For the designations of drawn 
temper change “quarter hard” to read “light 
drawn.” 

Section 5.—Change the second sentence 
from the form as preprinted to read as 
follows: 

Light-drawn tubes shall be interpreted 
to mean tubes cold drawn to a reduction of 
area of 10 to 25 per cent. Hard-drawn 
tubes shall be interpreted to mean tubes 
cold drawn to a reduction of area of mor 
than 25 per cent. 

Table IJ.—Change the approximate Rock- 
well hardness values of annealed tubes for 
alloys Nos. 2, 3, and 4 to read as follows: 


Rockwell Hardness 


F-Scale 30T Superficial 
Min. Max. Min. Max. 
Soft anneal........ 60 75 18 39 
Light anneal... ... 67 89 28 


Section 10.—In the mercurous nitrate test 
add the phrase “when specifically required” 
at the beginning of the first sentence. 

Section 13.—Omit the first sentence which 
reads: “No lot of tubes shall exceed the 
theoretical weight by more than 5.0 per cent. 

Table IV .—Delete the tolerances for tubing 
% in. and under in coils. 

Revisions of: 
Spec. for Brass Sheet and _ Strip 


(836-39 T) 


_ Spec. for Copper-Silicon Alloy Plate and 
Sheet (B 96 - 39 T) 

Spec. for Copper and Copper-Alloy Seam- 

- less Condenser Tubes and Ferrule Stock 
(B 111 —- 39 T) 

Spec. for Brass Pipe, Standard Sizes 
(B 43 — 39 T) 

Classification of Cast Copper-Base Alloys 
(B 119 - 39 T) 

Spec. for Bronze Castings for Turntables 
and Movable Bridges and for Bearing 


and _ Expansion Plates of Fixed Bridges 


- 38 T) 
Spec. for Beryllium-Copper Alloy Bars, 


Rods, Sheet, Strip, and Wire 
(B 120-39 T) 


Adopted as Standard: 


Spec. for Rolled Copper-Alloy Bearing and 
Expansion Plates for Bridge and Other 
Structural Uses (B 100 —- 38 T) 

Spec. for Phosphor Bronze Sheet and Strip 

(B 103 - 39 T) 

Revisions of: 

Spec. for Seamless Copper Boiler Tubes 

(B 13 - 33) 
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Spec. for Copper-Silicon Alloy Rods, Bars, 
and Shapes (B 98 - 39) 

Spec. for Copper-Silicon Alloy Wire for 
General Purposes (B 99 — 39) 

Spec. for Steam or Valve Bronze Castings 
(B 61 — 36) 


Reversion of Standards to Tentative: 


Spec. for Cartridge Brass (B 19-29), as 
revised 

Spec. for Naval Brass Rods for Structural 
Purposes (B 21 — 29), as revised, with the 
following additional changes, not pre- 
printed, accepted by unanimous consent, 
subject to favorable letter ballot of Com- 
mittee B-5:*4 
Table II.—Designate the present require- 

ments for minimum elongation in 2 in. as 

applying to material of Grades A and B and 

add the following requirements for Grade C: 

Grade C 


Elongation in 2 in., 
min., per cent 


Diameter or Thickness, in. 


Rods and Bars, Soft: 


20 
25 
30 
Rods and Bars, Half Hard: vi 
OS and under. ............ 
15 wad 
3.501 and over............ 25 
Rods and Bars, Hard: k- 
10 
20 
20 
Shapes, Soft, all Sizes........ 20 


Spec. for Seamless Copper Tubes (B 75 — 30), 
as revised. It was announced that 
additional revisions in these specifica- 
tions would be submitted to the Society 
through Committee E-10 on Standards 
subsequent to the annual meeting. 


Withdrawal of Standards: 


Spec. for Cartridge Brass Disks (B 20-29) 

Spec. for Leaded-Nickel-Brass and Leaded- 
Nickel-Bronze (Nickel-Silver) Alloys in 
Ingot Form for Sand Castings 
(B 123 - 39 T) 


“4 Committee B-5 reported results of the letter ballot 
vote as follows: Of a total voting membership of 80, 54 
members returned their ballots, of whom 35 voted affirma- 
tiv vely, O negatively. 


Session Chairman: 


Commitiee B-2 on Non-Ferrous Metals 
and Alloys: 


Report presented by E. E. Thum, 
chairman, and the following actions 
taken: 


Accepted as Tentative: to 


Spec. for Pig Lead, to replace immediately 
Spec. B 29-35. 


Adopted as Standard: 


Spec. for Lead-Coated — Copper Sheets 
(B 101 - 35 T) 
Papers: 


The following papers were presented: 


Proportional Limit Tests on Copper Alloys— 
Cyril Stanley Smith, presented by the author. 

Internal Hydraulic Bursting Tests of 
Lead Cable Sheathing—Howard S. Phelps, 
Albert M. Gates, and Frank Kahn, presented 
by Mr. Phelps. 

Bursting Tests and Tension Tests for Lead 
Cable Sheathing—H. F. Moore, C. W. Dollins, 
and W. J. Craig, presented by Mr. Dollins. 

The Testing of Lead Cable Coverings—W. H. 
Bassett, Jr. and C. J. Snyder, presented from 
manuscript by Mr. Snyder. 


TWENTY-FIRST SESSION—NON-FERROUS 


METALS 
‘Friday, June 28,2p.m. 


President H. H. 
Morgan. 


Committee B-6 on Die-Cast Metals and 
Alloys: 


Report presented by J. R. Townsend 
chairman, and the following action 
taken: 

Accepted as Tentative: 
Revision of Spec. for Magnesium-Base Alloy 
Die Castings (B 94 - 39 T) 
Committee B-7 on Light Metals and 

Alloys, Cast and Wrought: 

Report presented by Sam _ Tour, 
chairman, and the following actions 

taken: 
Accepted as Tentative: 


Test for Weight of Coating on Anodically 
Coated Aluminum 


Spec. for Sheet Copper-Silicon Alloy at 
(B 97 39) 
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Test for Sealing of Anodically Coated 
Aluminum 
Revisions of: 

_ Spec. for Magnesium-Base Alloy Ingot for 
Remelting (B 93 - 39 T) 

Spec. for Magnesium-Base Alloy Sand 
Castings (B 80-38 T) 

Spec. for Magnesium-Base Alloy Forgings 
(B 91 - 38 T) 

Spec. for Magnesium-Base Alloy Bars, 
Rods, and Shapes (B 107 - 38 T) 

Spec. for Magnesium-Base Alloy Sheet 
(B 90 38 T) 

Spec. for Aluminum Sheet and Plate 
(B 25 — 38 T) 

Spec. for Aluminum-Alloy (Duralumin) 
Sheet and Plate (Aluminum-Copper- 
Magnesium-Manganese) (B 78 — 39 T) 

Spec. for Aluminum-Manganese Alloy 
Sheet and Plate (B 79-38 T) 

Spec. for Aluminum-Alloy (Duralumin) 
Bars, Rods, Wire, and Shapes (Alumi- 
num - Copper - Magnesium - Manganese) 
(B 89 - 39 T) 

Spec. for Aluminum-Magnesium-Chrom- 
ium Alloy Sheet and Plate (B 109 - 39 T 

Spec. for Aluminum-Manganese Alloy 
Sheet and Plate for Use in Welded 
Pressure Vessels (B 126-39 T) 

In the 10 specifications immediately above, 
the following revision, not preprinted, was 
accepted by unanimous consent, subject to 
favorable letter ballot of Committee B-7:% 

Methods of Testing.—Add to each of the 10 
specifications the following as a new section 
on methods of testing: 

The tension tests shall be made in 
accordance with the Tentative Methods of 
Tension Testing of Metallic Materials 
(A.S.T.M. Designation: E 8) of the American 
Society for Testing Materials. 

Figure 1.—In these specifications change the 
note regarding the radius at the end of the 
reduced section from “radius not less than } 
in.” to read “radius not less than ? in.” 
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Committee B-1 on Copper and Copper- 
Alloy Wires for Electrical Conductors: 


Report presented by J. H. Foote, 
chairman, and the following actions 
taken: 


45 Committee B-7 reported the following results of the 
letter ballot vote of a total of 36 — returned from a 
voting membership of 44: B 25, B 78, B79, and B 89 


affirmative 30, negative 90, 91, 107, B 109, and 
B 126, affirmative 29, negative 0; B ’80, affirmative 32, 
negative 0. 


Accepted as Tentative: 


Revision of Spec. for Soft Rectangular and 
Square Copper Wire for Electrical Con- 
ductors (B 48 - 39 T) 


Adopted as Standard: 


Spec. for Figure-9 Deep-Section Grooved and 
Figure-8 Copper Trolley Wire for In 
dustrial Haulage (B 116 —- 39 T) 

Revision of Spec. for Hard-Drawn Copper 
Wire (B 1-39) and Spec. for Medium-Hard- 
Drawn Copper Wire (B 2 — 39), comprising 

‘the following change, not preprinted, ac- 
cepted by unanimous consent, subject to 


a favorable letter ballot of Committee B-1,* 


this change being recommended to bring the 
requirements on permissible variations in 


diameter into agreement with those 


_ prescribed in Spec. for Soft or Annealed 
Wire (B 3 - 39): 
Section 5 (b).—Change from its present 
form to read as follows: 

(b) Within the range of diameters in- 
cluded in Table I the wire shall not vary 
from the specified diameter by more than 
plus or minus 1 per cent. 


The proposed Tentative Specifications 
for Bare Rope-Lay-Stranded and Bunch- 
Stranded Soft Copper Cables for Elec- 
trical Conductors were withdrawn from 
the report by the committee as it was 
announced that these specifications were 
to be given further consideration, look- 
ing toward their publication as tentative 
through submission to Committee E-10 
on Standards. 

The proposed tentative revision of 
the Specifications for Hot-Rolled Copper 
Rods for Electrical Purposes (B 49 — 39) 
comprising a proposed procedure for 
the twist test, was withdrawn from the 
report by the committee. 


Committee B-4 on Electrical-Heating, 
Electrical-Resistance Electric- 
Furnace Alloys: 


Report presented by Dean Harvey, 
chairman, and the following actions 
taken: 

46 Committee B-1 reported results of the letter ballot 
vote as follows: Of a total voting membership of 31, all 


members returned their ballots, of whom 28 voted affirma- 
tively, 1 negatively. 
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Accepted as Tentative: 
Testing Sleeves and = for Radio Tube 


Cathodes 


Adopted as Standard: 


Test for Flexivity of Thermostat Metals 
(B 106-39 T), with the following addi- 
tional changes not preprinted approved 
by unanimous consent, subject to favorable 
letter ballot of Committee B-4:*7 
Title—Change from its present form to 

read: “Methods of Testing Thermostat 

Metals.” 

Section 1.—Add a new section on scope to 
read as follows: 

1. These methods cover the procedures 
for testing thermostat metals. 

Renumber present Sections 1 to 7 as 
Sections 2 to 8 and add a new heading 
“Flexivity” preceding new Section 2. 

Section 4 (e).—Change from its form as 
preprinted to read as follows: 

Norte 1.—This corresponds to a permissible 
variation of plus or minus 0.66 per cent for 
specimens 0.015 in. in thickness, and plus or 
minus 0.2 per cent for specimens 0.050 in. 
in thickness. 

New Sections.—Add new Sections 9 and 10 
on “Electrical Resistivity” and “Change of 
Resistance with Temperature” to read as 
follows: 

9. Electrical resistivity shall be deter- 
mined in accordance with the Standard 
Method of Test for Resistivity of Metallic 


Materials (A.S.T.M. Designation: B 63) 
of the American Society for Testing 
Materials. 


10. Change of resistance with temperature 
shall be determined in accordance with the 
Standard Method of Test for Change of 
Resistance with Temperature of Metallic 


Materials for Electrical Heating (A.S.T.M. — 


Designation: B 70) of the American Society 
for Testing Materials. 


A motion that the Tentative Method 
for Bend Testing of Wire (Wire for 
Radio Tubes and Incandescent Lamps) 
(B 113 — 38 T) be approved for reference 
to letter ballot of the Society for adop- 
tion as standard failed to receive the 
necessary two-thirds vote of those voting 
at the session, the result of the vote 
being three affirmative and two negative. 


_FORTY-THIRD ANNUAL MEETING | 


47 Committee B-4 reported results of the letter ballot | 


vote as follows: Of a total voting membership of 45, 34 
members returned their ballots, of whom 29 voted affirma- 
tively, 0 negatively. 


tavant 


Friday, June 28, 2 p.m. 


; pe Methods of Sampling and Testing Un- 
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The following papers were presented: 


Papers: 


Anodic Coatings Seen Through the Micro- 
scope—F. Keller, presented by the author. 

Thickness of Anodic Coatings on Aluminum 
—Junius D. Edwards, presented by the author. 

The Abrasion Resistance of Anodically 
Oxidized Coatings on Aluminum—H. G. Arlt, 
presented by the author. 

Electrical Breakdown of Anodically Oxidized 
Coatings on Aluminum: A Means of Checking 
Thickness of Anodized Finishes—K. G. Comp- 
ton and A. Mendizza, presented by Mr. Men- 
dizza. 

Creep of Aluminum Subjected to Bending at 
Normal Temperatures—Joseph Marin and 
L. E. Zwissler, presented by Mr. Marin. 


TWENTY-SECOND SESSION—PLASTICS, 
ELECTRICAL INSULATING MATERIALS, 
RUBBER 


Committee D-20 on Plastics: 


Report presented by W. E. Emley, 
chairman, and the following actions 
taken: 


Accepted as Tentative: 


Test for Flammability of Plastics 

Test for Water Absorption of Plastics 

Measuring Flow Temperatures of Thermo- 
plastic Molding Materials, subject to 
review and final decision by the Executive 
Committee since the apparatus for the 

- flow test is covered by a U. S. patent. 


Commitiee D-9 on Electrical Insulating 
Materials: 


Report presented by T. Smith Taylor, 


chairman, and the following actions 
taken: 

Accepted as Tentative: 


Revisions of: 


treated Paper Used in Electrical In- 
1é sulation (D 202 — 39 T) 


48 The Executive Committee approved the acceptance 


of this method for publication as tentative. oat 
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4 SUMMARY OF PROCEEDINGS 


Tests for Flexible "Varnished Tubing 

Used for Electrical Insulation 
(D 350 - 39 T) 

Spec. for Flexible Varnished Tubing Used 
in Electrical Insulation (D 372 - 37 T) 

Spec. for Phenolic Laminated Sheet for 
Radio Applications (D 467 - 37 T) 

Tests for Molded Materials Used for 
Electrical Insulation (D 48 — 39) y 

Tests for Electrical Insulating Oils 
(D 117 - 36) 

Tests for Sheet and Plate Materials Used 
in Electrical Insulation (D 229 - 39) 
Tests for Laminated Tubes Used in Elec- 

trical Insulation (D 348 — 39) 
Tests for Laminated Round Rods Used in 


Electrical Insulation (D 349-39) 


Adopted as Standard: Lae 


Test for Conducting Paths in Electrical 
Slate (D 273 - 36 T) 

Tests for Shellac Used for Electrical Insula- 
tion (D 411 - 37 T) 

Revision of Tests for Electrical Insulating 
Oils (D 117 - 36) 


Sectional Committee C59 on Electrical 
Insulating Materials: 


Report presented by H. L. Curtis, 
chairman. 


Committee D-11 on Rubber Products: 


Report presented by O. M. Hayden, 
chairman, and the following actions 


taken: 


Accepted as Tentative: Movs 


Tests for Automotive Hydraulic Brake Hose 

. Test for Compression-Deflection Charac- 
teristics of Vulcanized Rubber 

- Test for Accelerated Aging of Vulcanized 

Rubber by the Oxygen-Pressure Method 

at 80C., as a tentative revision of the 

standard method 

Spec. for Insulated Wire and Cable: Ozone- 
Resistant Insulation 

Revisions of: 

Spec. for Insulated Wire and Cable: Class 
AO, 30 per cent Hevea Rubber Com- 
pound (D 27-39 T) 

Spec. for Insulated Wire and Cable: Per- 
formance Rubber Compound (D 353 - 
39 T) 

Spec. for Insulated Wire and Cable: Heat- 
Resisting Rubber Compound (D 469 - 
39 T) 


Testing Flat Rubber Belting @ 378 - 
39 T), with the following correction in 
the revised Section 15 (a): 
Section 15. (a).—Change the next to the 
last sentence from the form as preprinted to 
read as follows by the addition of the itali- 
cized words: 
Test specimens that break in the jaws or 
that, upon examination, are found to be im- 
perfect shall be discarded, and retests shall 
be made unless the results obtained in the first 
test exceed minimum values that may be required 
by detailed specifications. 
Tests for Rubber Hose (D 380 - 39 T) 
Test for Compression Set of Vulcanized 
Rubber (D 395 - 37 T) 

Test for Changes in Properties of Rubber 
and Rubber-Like Materials in Liquids 
(D 471 - 37 T) 


Adopted as Standard: 


Test for Abrasion Resistance of Rubber Com- 
pounds (D 394-37 T), as revised 

Test for Accelerated Aging of Vulcanized 
Rubber (D 428 - 36 T), the two types of 
tests to be published as separate standards 
entitled “Test for Accelerated Aging of 
Vulcanized Rubber by the Oxygen-Pres- 
sure Method,” and “Test for Accelerated 
Aging of Vulcanized Rubber by the Oven 
Method” 

Test for Flexing of Rubber Products (D 430 - 
35 T), as revised 

Air Pressure Heat Test of Vulcanized Rub- 
ber (D 454 - 37 T) 

Spec. for Rubber Gloves for Electrical Work- 
ers on Apparatus or Circuits not Exceed- 
ing 3000 volts to Ground (D 120-37 T) 


Papers: 


The following papers were presented: 


Accelerated Weathering of Transparent 
Plastics—G. M. Kline, W. A. Crouse and B. M. 
Axilrod, presented from manuscript by Mr. 
Kline. 

The Absorption of Water by Plastics—G. M. 
Kline, A. R. Martin and W. A. Crouse, pre- 
sented from manuscript by Mr. Kline. 

Measuring the Plasticity of Molding Com- 
pounds—Robert Burns, presented by the author. 

A Correlation of the Chemical and Electrical 
Changes Observed During the Oxidation of 
Minera] Insulating Oil—F. M. Clark, presented 
by the author. 

The Standardization of Durometers—Lewis 
Larrick, presented by the author. 


There being no further business the 


chairman then declared the Forty-third 


Annual Meeting adjourned sine die. 
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COMMERCIAL IMPORTANCE 


ANNUAL ADDRESS BY THE PRESIDENT 


H. H. Morcan! 


iy an Before presenting my prepared address a few introductory remarks 
may be in order: All of the problems of our Society and our member- 
ship seem totally insignificant compared with the appalling events of 
the day. These events will have far-reaching and over-powering effects 
upon international affairs. With governments being destroyed, our 
whole civilization may change and our own living standards be vitally 
affected. Ahead of us is a national preparedness program that, in 
itself, is sure to affect our present living and that of generations to 
come. Experience has demonstrated and Colonel Young in his address 
on “Material Standards in National Preparedness’ has voiced the 
need of standardization to effect a state of preparedness sufficient to 
meet such emergencies as are conceivable. To do this well, to the 
extent necessary and as economically as possible, standardization of 
materials, fabrication and in general production-line methods must be 
instituted. It so happens, therefore, that Col. Young’s subject and 
my own subject, Standard Specifications for Materials and Their 
Commercial Importance, are especially appropriate at this time. 
Standards in war preparedness and in commercial transactions are 
involved. The nearer such are to each other, just so much sooner will 


our United States be prepared and with the least ultimate burden on 
our citizenship. 


ire: 


Our Society is active. Our member- final consumers’ products. For exam- 


ship is essentially composed of men en- 
gaged in specification, inspection, testing 
and research work for the larger con- 
sumers of materials and the larger pro- 
ducers, and a considerable number hav- 
ing general interests. General interests 
include colleges, government and private 
research institutions, and a large number 
of companies engaged solely and inde- 
pendently in inspection, testing, and re- 
search. 

Generally speaking, our Society activi- 
ties are confined to materials and not 

1 Manager, Rail and Fastenings Dept., Robert W. Hunt 
Co., Chicago, Ti. 


?'See p. 3. This address was genes | in the A.S.T.M. 
Butietin, No. 105, August, 1940, p. 


ple, we deal with specifications for boiler 
plates and boiler tubes but not with 
fabricated boilers; we deal with specifica- 
tions for cement, sand, gravel, and stone 
but not with concrete structures. In 
general, the materials we concern our- 
selves with are either raw or semi- 
finished materials used in commercial] 
trade. 

In my remarks I shall not attempt to 
consider all our dealings with all, or any 
one group of materials, but will confine 
myself entirely to standard specifications 
used in engineering construction work 


-because that has been the foundation of 


our recognized standing in our field. 
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ANNUAL ADDRESS BY THE PRESIDENT 


I should like to have it clearly under- 
stood that I am not discussing specifica- 
tions for equipment, which usually con- 
tain fabrication details of machinery, 
devices, or structures. Such specifica- 
tions are special to the particular equip- 
ment or structure and involve matters of 
design that are necessarily a develop- 
ment of the engineer undertaking such 
work. However, it must be recognized 
that such specifications necessarily in- 
clude material specifications in order that 
the quality of material for the various 
component parts is properly covered. 

I wish, further, to emphasize that I am 
not discussing project specifications, 
which are complicated specifications in- 
volving an assembly of various specifica- 
tions for equipment, devices and struc- 
tures, and including legal and contract 
matters all requiring attention special 
to the particular project. Such project 


specifications necessarily involve the 
services of a special engineer, a struc- 


tural engineer, or an architect. 

However, such project specifications 
necessarily include standard specifica- 
tions. This, of course, is to secure as- 
surance that the materials used are of 
the proper standards. The specifica- 
tions that are used should be those that 
are standards of commercial trade. 

With this brief introduction, I will 
proceed. 

The important specifications are 
standards of trade. Standardization has 
been the bedrock of civilization. The 
origin of standardization goes back to the 
crude beginning of human culture. The 
earliest records show a knowledge that 
there were standards of weights and 
measures of ancient Babylonia and 
Egypt. The Ten Commandments are 
basic standards of Christian living. Bar- 
ter and trade early developed a standard 
basis of exchange or money. The devel- 
opment of these early standards to the 
present methods of effecting commercial 


= 
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transactions and the use of standard 
specifications is a history of interest that 
I cannot cover here. 

I shall confine myself to the present 
status of standards in their application 
to specifications for materials and to 
engineering construction materials alone. 

America is the land of the Biggest, 
the Best, and the Most. We have the 
biggest buildings, the best mass pro- 
duction methods, and the most money. 
These are the objectives of a new, virile, 
and energetic country, and we are that. 
We play hard and we work hard. When 
something appeals to us that is worth 
while, we take it seriously and we may 
“wind up” by overdoing it. This over- 
doing can apply even to the making of 
specifications. 

Most specifications have their good 
points—which largely accounts for their 
present multiplicity. On the other 
hand, many specifications with good 
points also have their bad points, and 
these bad points naturally result in such 
specifications not being used and they die 
a natural death. A specification must 
have good or important points and must 
be free from bad points or unimportant 
requirements. 

The subject is not a new one. It was 
discussed by Charles B. Dudley in his 
Presidential Address presented before 
our Society in 1903, in order to crystal- 
lize into definite statements the require- 
ments for good specifications. So well 
did he accomplish his task that he be- 
came recognized as “the father of speci- 
fications.” Since his day, so many have 
contributed their ideas that it would 
obviously be impossible to list and give 
credit to each. A few, however, may 
be mentioned: N. F. Harriman, Dean 
Harvey, J. W. Bancker, and Edward T. 
Gushee. Their contributions have been 
outstanding—but it should not be 
thought that they stand alone and un- 
equalled. 
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Many times in recent years, discus- 
sions have been held on this matter of 
standard specifications of importance; 
but, generally, specifications for devices, 
equipment and projects have been in- 
volved and that has lead to confusion— 
sometimes hopeless confusion. 

In this presentation I am trying to 
avoid the pitfalls of straying from the 
subject of my discussion which pertains 
essentially to standard specifications 
only and their commercial importance. 

The three significant words in the title 
are (1) commercial, (2) specifications, 
and (3) materials. ‘Commercial’ 
means in commercial use which means 
useful in commercial trade. By “speci- 
fications” is meant a definition of the 
buyers’ requirements as an adjunct to 
the purchase order. “Materials” in- 
clude only the fundamental material 
from which capital and consumer goods 
such as tools, devices, structures, or 
machinery are created. The title now 
takes on a definite and limited meaning. 
It says, essentially, “The importance of 
having, as an adjunct to a purchase order 
for the fundamental materials of indus- 
try, a definition of the buyers’ require- 
ments which is useful in commercial 
trade.” 

We must not overlook the fact that 
nearly all manufacturers of devices, ap- 
pliances, or equipment are buyers of 
material. It is also true that the manu- 
facturers of materials are heavy buyers 
of materials they themselves do not 
manufacture. The term “buyer” used 


‘in this discussion, therefore, applies to 


every company, corporation, or industry. 


Standard specifications may be the: 


specifications of an individual buyer, or a 
group of buyers of one industry, of a 
trade association, of a technical society— 
or may be the national joint standard of 
all industries buying or making the mate- 
rial. The specifications developed by 
the American Society for Testing Mate- 


rials are of especial importance as they 
represent the product or development 
effected by the joint efforts of technical 
men engaged in the direct interests of 
both consumers or buyers and producers 
or manufacturers. 

Specifications have a general or indi- 
rect importance, as well as a specific or 
direct importance. Indirectly, they 
tend to separate the significant from the 
insignificant, the tangible from the in- 
tangible, and to provide a common meet- 
ing ground for both buyer and seller. 
Directly, they furnish an efficient and 
economical basis upon which to deal 
with materials. 

When we speak of the general benefits 
which accrue through the use of specifica- 
tions, we mean good specifications. 
Poorly drawn specifications will not, for 
instance, distinguish between the signifi- 
cant items and those which have no sig- 
nificance. The more time one puts into 
the preparation of specifications the more 
value one gets out of them. 

The same remarks apply to the separa- 
tion of measurable qualities from those 
which are intangible. Materials are pos- 
sessed of both qualities, but only those 
which can in some way be measured are 
of any value in a specification. Like- 
wise, in providing a means by which the 
buyer and seller may speak the same 
language, commerce between the two is 
greatly facilitated, and the way opened 
for the more specific and direct benefits 
which a good specification, properly 
used, might bring to both. 

These specific advantages of using 
good specifications may be listed as fol- 
lows—(1) they enable the buyer to get 
what he wants; (2) the material is of uni- 
form quality; (3) the buyer received 
goods more quickly and with less trouble; 
(4) he has access to wider markets; (5) 
costs are lower; (6) a suitable acceptance 
basis is established; (7) material becomes 
standardized, and (8) research is pro- 
moted. 
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The prime purpose of every specifica- 
tion, whether it be a national standard or 
that of a single individual, is to enable 
the buyer to tell the seller precisely what 
he wants—and then get it. It is for this 
one reason, and none other, that all speci- 
fications are written. It can readily be 
seen that this is of benefit to both buyer 
and seller and that the importance of 
this aspect cannot be overemphasized. 

Not only does the buyer want material 
of certain qualities, he also wants to be 
sure of continually receiving goods of 
uniform quality. Generally his plans 
are laid and his operations set to work 
on material of unvarying character. 
Through specifications, the buyer has a 
control over his material, and by elimi- 
nating trouble from this source, his 
manufacturing processes or other appli- 
cation or use of material may proceed 
according to a predetermined schedule 
The supplier on the other hand, assured 
of a definite demand, may stabilize his 
operations for an even flow of produc- 
tion. From this follows, in logical order, 
the third advantage mentioned above— 
the least delay in securing materials. 

Specifications which adequately tell 
the manufacturer what is wanted, and 
enable him to take proper steps to supply 
the demand, avoid many misunderstand- 
ings due to inaccurate and inadequate 
information, which result in delays due 
to correspondence or discussion to settle 
the issue. Material that is unsatisfac- 
tory and must be rejected upon receipt 
is especially expensive, for although the 
cost is not entered in the company’s 
journal, it exists in the form of delayed 
production which may amount to more 
than the original cost of the material 
itself. One’s ability to secure goods of 
the right quality without delay depends 
not only upon his being able to supply 
essential information to a certain sup- 


plier, but also in being able to choose 
between a number of manufacturers, 
scattered perhaps throughout the coun- 
try. The possibility of choosing from a 
wide market is still another advantage. 

In providing a wide choice of manufac- 
turers from which the prospective pur- 
chaser may select one or more to fill his 
needs, one of the first services rendered 
is that of sweeping away trade names 
and other unsatisfactory restrictions. 
By devices such as trade names the buyer 
is limited by what he knows from experi- 
ence about a few products; with his 
choice thus narrowed, he is at the mercy 
of a few producers. Furthermore, it 
may be an economic necessity to buy 
goods from Coast to Coast when plants 
are scattered throughout the country. 
In order to save freight rates and delays, 
it will be necessary for each unit to pur- 
chase from those suppliers in its imme- 
diate neighborhood. Yet each of the 
buyer’s shops is designed to turn out 
exactly the same product and, conse- 
quently, must be supplied with exactly 
equivalent material. Specifications as- 
sure this wide market of equivalent 
material. 

They go further; they assure it at the 
lowest possible cost consistent with the 
quality demand. This possibility of 
securing low prices is, therefore, another 
item of commercial importance inherent 
in the use of specifications. Because the 
supplier knows what is demanded of him, 
he can avoid trial-and-error methods in 
order to meet the buyer’s demands. 
This fact, combined with the consequent 
stabilization of product and producing 
processes, makes it possible to offer lower 
prices to the buyer. Not only are actual 
costs reduced in the manufacture of 
goods and these savings passed on to the 
consumer, but the purchaser has access 
to a wide and hence competitive market. 
Competing manufacturers are asked to 
supply equivalent values at prices reflect- 
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ing their varying degrees of skill and 
initiative. 

The suppliers, in their eagerness to 
obtain an order, often overestimate their 
ability to produce goods of a certain 
quality at the price quoted. Unless 
specifications are used as a basis of ac- 
ceptance, the buyer may receive goods 
of inferior quality from a producer who 
has over-reached himself. 

This provision of a suitable basis upon 
which to accept goods is another very 
useful adjunct of specifications. By 
stating exactly what testing or analysis 
is required and to what extent inspection 
will take place, the producer knows be- 
forehand the standards his product must 
meet in order to be accepted. The pro- 
vision for uniform inspection, testing, 
and analysis does away with discrepan- 
cies which might and often do cause 
controversies. 

A specification which by wide use and 
agreement has become a national stand- 
ard is of more importance than one set 
up by a single buyer. Material manu- 
factured to such a national specification 
becomes a standard product, known 
throughout the industries. Manufac- 
turers are prepared to supply it in the 
most efficient and economical manner, 
while those who buy know from experi- 
ence what to expect of the material— 
its potentialities and limitations—and 
have built their own product around the 
uniform qualities of the material. The 
advantages of a wide market, uniform 
product, quicker and easier deliveries, 
and lower costs are all open to the user 
of a national standard. 

And yet, new specifications by indi- 
vidual buyers are becoming more and 
more numerous. ‘Thliis is essentially due 
to the thought that a special use or 
application justifies certain specialized 
requirements. The buyer may or may 
not be justified, but I am inclined to 
believe that too often he has not recog- 


H. H. Morcan 


nized the undoubted fact that a material 
conforming to a specification already 
written would be satisfactory for his use 


with only minor supplemental 


tions on such items as tolerance, work- 
manship, or finish. i 

Quite apart from the direct benefits of 
specifications as just noted, and yet inti- 
mately tied up with their use, is their 
value in promoting research. The buyer 
(in making a new specification or in con- 
sidering the value of a national standard) 
and the seller (attempting to meet the 
provisions and limitations placed upon 
his product in the most efficient manner) 
will both be led to examine critically the 
product and its possibilities. I will re- 
peat that the buyer and the seller will 
both be led to examine critically the 
product and its possibilities. This is 
research and may go only so far as to de- 
velop efficiency in handling the product, 
or it may develop new uses and poten- 
tialities hitherto unsuspected. It may 
even lead to the rejection of one material 
in favor of another. Regardless of the 
exact outcome, benefits of a permanent 
nature are sure to result from such 
investigation. 

While this discussion is concerned only 
with the commercial importance of speci- 
fications in use and not with their prepa- 
ration, yet in order to secure the poten- 
tial advantages they must be properly 
drawn. A few words on that subject 
may not be amiss. 

Above all, specifications should be 
clear and complete. Ambiguities of 
meaning or lack of vital requirements or 
instructions will rob the specification of 
all its value. On the other hand, severe 
restrictions should be avoided; limita- 
tions, while they may come from chemi- 
cal analysis, physical tests, microscopic 
examination, or methods of manufacture, 
should be governed strictly by the service 
desired. It is service that the buyer 
wants—not a mass of physical or chemi- 
cal data. 
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Clearness, completeness and sane re- 
strictions can be attained only through 
the joint efforts of buyer and seller. The 
material has two aspects, both of which 
must be taken into account—first, the 
problems of its manufacture; second, its 
use by the purchaser. Without a clear 
understanding of both sides, gained only 
through the cooperation of producer and 
consumer, incongruities will quite likely 
appear to wreck all the fondest hopes of 
the specification writer. 

Due to the steady progress of industry, 
a specification, however well written at 
the time, cannot stand long without 
occasional revision. New products and 
improved methods of manufacture con- 
stantly tend to change the original condi- 
tions. Above all, therefore, the speci- 
fication should be open to revision. 

Not only should the specification de- 
scribe exactly what is wanted, but such 
qualities as are desired should be subject 
to tests, analyses, and inspection. When 
these are well known, mention alone is 
all that is needed, but when new methods 
are used or different results are expected, 
adequate descriptions should be _in- 
cluded. Inspection by the buyer or his 
representative is essential if he is to be 
assured that the tests and analyses are 
impartially made. 

The extent to which material should 
be subjected to inspection should be 
clearly stated, and this, in turn, depends 
largely on its importance. If the mate- 
rial is ordered in large quantities or if its 
failure in service would mean costly de- 
lays in production or loss of life or 
money, then constant and rigid inspec- 
tion should be employed. Wherever 
practicable this should be performed at 
the point of manufacture. On relatively 
unimportant material bought in small 
quantities, less frequent inspection is 
needed. 


To sum up: The practical importance 


of specifications hing 

ability to assure the buyer he is receiving 
exactly the goods he orders. In the com- 
petition of trade, particularly in regard 
to heavy products under mass produc- 
tion, it is essential to know that mate- 
rials are furnished according to speci- 
fications. Adequate specifications for 
materials with competent inspection as- 
sure to the buyer a maximum usefulness 
and serviceability of material at a mini- 
mum of cost. The efficiency of any 
buying organization is measured thereby. 

While a large percentage of buyers 
cannot maintain the expert personnel or 
research facilities to write adequate 
specifications, all want to increase their 
efficiency. They can do this by utilizing 
standard specifications, materials, and 
the facilities afforded by research insti- 
tutions as well as by using commercial 
inspection and testing laboratories or- 
ganized for this purpose. 

Standard specifications are prepared 
to establish quality tolerances and test 
and inspection procedure on a material 
which has a wide application in the fab- 
rication of various devices or equipment 
items. Whether such standard mate- 
rials, under special heat treatment or 
fabrication processes, can be used to ad- 
vantage in any particular device or piece 
of equipment is a matter of research 
development on the part of the buyer. 
However, the consumer must cooperate 
with the producer in establishing a basis 
of specification requirements that will 
comprehensively fix the significant quali- 
ties, both physical and chemical, of the 
material, the mechanical tolerances, and 
the test and inspection procedure so 
that he may know a delivery to the 
specifications will have certain proper- 
ties and a uniformity in properties that 
will fit or adapt itself to the fabricating 
and treatment practice necessary in the 
manufacture of the device, equipment, or 
structure. 
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It is set in this n manner that the speci- 
fications of the A.S.T.M. are developed. 
Consequently, they represent a character 
of specifications that has the maximum 
of commercial importance. In my in- 


timate contact with the activities of the 
A.S.T.M. over practically twenty-five 
years, I have been, perhaps, in preferred 
position to observe how significant fea- 
tures of specifications under development 
by them have been the subject of dis- 
cussion, investigation and ultimate solu- 


pes 


H. H. Morcan 


tion along Ene — that have re- 
sulted in useful specifications. That the 
A.S.T.M. specifications are almost uni- 
versally used in the large field of engi- 
neering construction materials, is evi- 
dence of their commercial importance. 
In closing, I hope that I have given 
you some conception of what makes a 
standard specification for material of 
commercial importance, and why we are 
all interested and participate in the 
strenuous activities of the A.S.T.M. 


» 
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The Executive Committee offers the 
following report on general Society ac- 
tivities for the year er with ‘this 
annual meeting: 


Membership: 

The membership of the Society on 
June 1, 1940, was 4314. Statistics 
showing gains and losses in various 
classes of membership are as follows: 


International Harvester Co. it 
Consolidated Edison Co. of New York, Inc. 
Robert W. Hunt Co. 

Indiana Steel and Wire Co. 


Standard Oil Co. of California 


Commonwealth Edison Co. 
_ The Firestone Tire and Rubber Co., Akron, Ohio. 
Climax Molybdenum Co. 
Louisville Cement Corp. 
Ajax Metal Co. 
Bethlehem Steel Co., Inc. 
Public Service Electric and Gas Co. 


Membership 


Losses Additions 


Class of Membership 


June 1, 1939 
Resignations 


Increase 


Honor 

Life or Perpetuity 
Sustaining 
Company, Firm, etc 
Individual, etc 
Junior 


Total..... 


Student 


Loss. 


The net gain for the year of 115 
compares with 43 for the preceding 
year and 164 for two years ago. Elec- 
tions to membership were 358 compared 
to 303 for the preceding year; losses 
from resignations are slightly lower and 
losses from delinquencies slightly higher 
than for the preceding year. The 
number of student members increased 
from 356 to 411. 

An important accomplishment of the 
year is the very substantial increase of 
67 in the number of sustaining members, 
bringing the total to 88. The names 
of these new sustaining members listed 
in the order of acquiring seened are: 


Standard Oil Co. (Ohio) 
Ethyl Gasoline Corp. 


Standard Oil Development Co. 
Owens-Illinois Glass Co. 

New Jersey Zinc Co. 
American Steel Foundries 


E. I. du Pont de Nemours and Co., Inc. 
Youngstown Sheet and Tube Co. 
Union Carbide and Carbon Research Labora- 
tories 
Doehler Die Casting Co. 
National Tube Co. 
The Pure Oil Co. 
Reichhold Chemicals, Inc. 
United States Rubber Co. 
Standard Oil Co. (Indiana) 
Sears, Roebuck and Co., Technical Laboratories, 
Department 817 
The Commonwealth and Southern Corp. 
The Clark Thread Co. 
American Viscose Corp. 
Cleveland Electric Illuminating Co. 
Philadelphia Electric Co. 
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Wellington Sears Co. 
Celanese Corporation of America 
Hydro-Electric Power Commission of Ontario 
American Smelting and Refining Co. 
American Car and Foundry Co. 
A. P. Green Fire Brick Co. 
Potomac Electric Power Co. 
Sargent & Lundy, Inc. 
Arlington Mills 
American Steel and Wire Co. 
Taylor Forge and Pipe Works 
Pittsburgh Steel Co. 
Shell Development Co. 
Goodyear Tire and Rubber Co. 
Missouri Portland Cement Co. 
Copperweld Steel Co. 
Sun Shipbuilding and Dry Dock Co. 
American Creosoting Co. 
The Duriron Co., Inc. 
A. O. Smith Corp. 
Camden Forge Co. 
Chicago Bridge and Iron Co. 
Caterpillar Tractor Co. . 
Marquette Cement Mfg. Co. Fim 
Forstmann Woolen Co. 
Apex Smelting Co. 
Minnesota Mining and Mfg. Co. 
American Bureau of Shipping 


e 4 


er 


Duke Power Co. 
Union Oil Co. of California 

The Titanium Alloy Manufacturing Co. 
St. Joseph Lead Co. 


Plaskon Co., Inc. 
Leeds & Northrup Co. 


Of these, 58 were acquired by transfer 
of existing company memberships (which 
accounts for the net decrease in the 
number of company members through 
the year) and nine were acquired by 
companies which had not previously 
held company membership, although 
most of them had been affiliated with 
the Society’s activities through one or 
more individual memberships. The 
gratifying response of so many com- 
panies to the invitation to lend increased 
financial support to the Society’s ac- 
tivities through this form of membership 
is greatly appreciated by the Executive 
Committee. Many other companies are 
seriously considering this form of mem- 
bership and it is hoped the number will 
further increase during the me year. 


The substantial growth of Society 
membership is due in considerable meas- 
ure to the efforts of many members of 
the Society and the several district com- 
mittees who have given unstintingly 
their help and cooperation in this im- 
portant work, for which the Executive 
Committee expresses its thanks. 

The Society has lost the following 
members through death: 


Date of 
Membership 
Angus, James 
Boylston, H. 
Bregowsky, Ivan M 
DeBerlhe, A. Berlhe 


Durkee, Frank W 


Fromlet, Victor H 
Gilpin, Francis H 
Hanks, Abbot A 
Hughes, Edward E 
Hurlburt, Edward N 


MacPherran, R. 
Marshall, Emery C 
McCorkle, I. B 
McKinley, J. M 
Merriman, Thaddeus 
Mussey, William H 
Norton, Charles L 
Penniman, W. B. D 
Setzler, H. B 

Spicer, Clarence W 


Many of these members were engaged 
in the technical and administrative work 
of the Society, among them H. M. 
Boylston, former chairman of Committee 
A-4 on Heat Treatment of Iron and 
Steel, I. M. Bregowsky, Abbot A. 
Hanks, former chairman of the Northern 
California District Committee, E. E. 
Hughes, E. N. Hurlburt, R. S. Mac- 
Pherran, former chairman of Committee 
A-3 on Cast Iron, J. M. McKinley and 
Thaddeus Merriman. 

Considerable emphasis is being placed 
by the Membership Committee on the 
advantages of A.S.T.M. membership 
to junior engineers. An editorial by 
J. R. Townsend, chairman of the Mem- 


Willman, Eugene C................. 1919 pel 
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bership Committee, presenting these 
advantages was published in the Octo- 
ber, 1939, issue of the ASTM 
BULLETIN. This statement was brought 
directly to the attention of the officers 
of each standing committee with a 
letter recommending that the members 
of these committees endeavor to bring 
or send younger members of their 
staff to the Society’s meetings, arrang- 
ing where possible for some specific 
work or responsibility to be assumed by 
these younger men, which should lead 
to important benefits not only to the 
junior engineer but also to the Society. 
The following quotation from the above- 
mentioned letter gives concisely the 
reasons why the Executive Committee 
considers this subject to be worthy of 
the serious consideration of all members 
of the Society: 

“We feel that the A.S.T.M. will best grow and 
fulfill its functions of preparing timely specifica- 
tions and test methods if there is a constant 
infiltration of young men into the Society’s work. 
The A.S.T.M. provides a unique opportunity for 
young technologists to work with those more 
experienced on specific projects. This permits 
the younger engineers to acquire the art of those 
more experienced and to broaden themselves in 
the direction of dealing with other people. The 
necessity to negotiate and compromise, to co- 
operate, and to combine ideas of many people 
has always been and will ever continue to be one 
of the prime functions of engineering. An 
unusual opportunity is provided by the A.S.T.M. 
for training in this direction.” 

It will be recalled that two years ago 
the Executive Committee instituted the 
award of certificates commemorating 
forty years of continuous membership 
in the Society. Eighteen such awards 
have been made in the past two years, 
and this year the following eight mem- 
bers who have completed forty years 
of continuous membership will be 
awarded certificates at this annual 
meeting: 


Theodore L. Condron 
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Robert Job 

Charles B. Wing 

American Steel and Wire Co. 
Colorado Fuel and Iron Co. 
National Tube Co. 

John A. Roebling’s Sons Co. 


Committee Activities: 


Despite the extensive committee work 
that preceded the last annual meeting 
in preparation for the revised 1939 
edition of the Book of Standards, the 
work of the committees during this past 
year, as recorded in their annual reports 
at this meeting, has been unusually ac- 
tive. Many new standards are being 
proposed, including a number in some 
of the newer fields in which the Society 
is now engaged. 

The current reports of Committee E-9 
on Research and Committee E-10 on 
Standards deal with certain phases of 
the committee work and, supplemented 
by reviews that will appear in the August 
and October issues of the ASTM 
BULLETIN, give a general summary of 
the committees’ activities. This report, 
therefore, makes brief reference only to 
several administrative actions during 
the year. 

The annual meeting last year referred 
to the Executive Committee certain 
recommendations regarding the publi- 
cation of proposed Specifications for 
Emulsion for Use in Densely Graded 
Cold Asphaltic Mixes, as well as publi- 
cation of certain test methods related 
thereto, which were to be _ balloted 
upon by Committee D-4 following the 
annual meeting. The Executive Com- 
mittee, after reviewing the results of the 
letter ballot, decided that publication of 
these specifications should be deferred 
pending opportunity for further con- 
sideration of Committee D-4 during the 
year, and that the aii’ methods of 
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testing such emulsions be published in 
the ASTM Bvuttetin as information. 
Accordingly these methods appeared in 
the December, 1939, issue. 

The Executive Committee gave con- 
sideration to the following resolution 
adopted during the 1939 annual meeting 
at a Round Table Discussion on Freez- 
and Thawing Tests: 


“That a committee be organized under the 
proper auspices of the Society, as for example 
Committee E-1 on Methods of Testing, to 
continue studies of freezing and thawing tests 
looking towards the establishment of a suitable 
standard procedure, with the understanding that 
this committee would act as a clearing house for 
information on freezing and thawing tests and 
serve in an advisory capacity to the interested 
standing committees.” 


Since it appeared from discussion of this 
resolution that what may really be re- 
quired is a fundamental study of the 
phenomena of freezing and thawing 
and of the property of durability in 


general, looking to the establishment of 
basic principles upon which standard 
procedure may ultimately be based, it 
was felt that the whole subject should be 
considered in the nature of a research 
rather than a standardization project. 
Accordingly this subject was referred 
to Committee E-9 on Research for 
further study and suitable action. 
During the year the Executive Com- 
mittee received a recommendation from 
Committee E-9 on Research that there 
be formed in the Society either a sepa- 
rate standing committee on Hydrogen 
Ion Determinations or a new technical 
committee of Committee E-1 on Meth- 
ods of Testing on this subject. Com- 
mittee E-9 had reached the conclu- 
sion that it was inadvisable for the 
Society to undertake any research work 
on this subject but that there is a need 
in the Society for studying the stand- 
ardization of methods of determining 


materials. Accordingly Committee E-1 
was requested to consider the formation 
of a technical committee on this subject, 
to act in an advisory capacity to other 
standing committees requiring informa- 
tion and to develop such methods of 
test that might prove to be needed in 
the Society. After considering the mat- 
ter Committee E-1 has agreed to under- 
take the formation of a new technical 
committee of Committee E-1 on Hydro- 
gen Ion Determinations. 

Upon its request Committee B-6 on 
Die-Cast Metals and Alloys has been 
authorized to solicit funds from pro- 
ducers and consumers of die castings in 
support of the committee’s present 
program of research. 

A proposal is under consideration for 
the formation of a separate standing 
committee in the Society to deal with 
the subject of specifications and tests 
for electrodeposited coatings on both 
ferrous and non-ferrous metals. This 
subject at present comes under the 
jurisdiction of three standing commit- 
tees, namely, A-5 on Corrosion of Iron 
and Steel, B-3 on Corrosion of Non- 
Ferrous Metals and Alloys, and B-6 
on Die-Cast Metals and Alloys, who 
together with the American Electro- 
Platers’ Society and the National Bureau 
of Standards have formed joint com- 
mittees that are dealing with phases of 
the matter that include both research 
and standardization activities. The or- 
ganization setup for this important 
work seems to have become unduly com- 
plicated and the Executive Committee 
has requested the three standing com- 
mittees named above to state whether 
they are prepared to relinquish their 
jurisdiction in the matter of standards 
for electrodeposited coatings to the 
proposed new standing committee. 
This method of handling the develop- 
ment of standards in this field is also 
being discussed with the American 
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Electro-Platers’ Society and the Na- 
tional Bureau of Standards. 

The Executive Committee has ap- 
proved a recommendation of Committee 
D-11 on Rubber Products that its state- 
ment of scope be changed to read as 
follows so that the committee may 
include rubber-like products within its 
activities: 


“The formulation of specifications and meth- 
ods of test for products made from rubber or 
rubber-like materials, including research investi- 
gations concerning the properties of these 
materials.” 


No change in the name of the committee 
is considered necessary. 

The Executive Committee is giving 
consideration to certain questions of 
jurisdiction between Committees D-4 
on Road and Paving Materials and D-18 
on Soils for Engineering Purposes, hav- 
ing to do with the development of 
standards dealing with stabilization of 
soils for highway purposes. 

The Executive Committee is under- 
taking to reorganize Committee C-18 
on Natural Building Stones and Slate, 
which has been inactive for a consider- 
able time. A committee on reorganiza- 
tion has been appointed consisting of 
W. C. Clark, Public Works Branch, 
Procurement Division, chairman, T. I. 
Coe, American Institute of Architects, 
and D. W. Kessler, National Bureau 
of Standards. 


Administrative Regulations: 


Jurisdiction over Regulations Govern- 
ing the Form but not the Substance of 
Standards has been transferred from 
Committee E-5 on Standing Committees 
to Committee E-10 on Standards. The 
latter committee has extensively revised 
and condensed these regulations, which 
are now published under the title 
“Recommendations on the Form of 
Standards.” They are intended for 


1 See 1939 Year Book, pp. 293 to 298. 


the guidance of standing committees in 
the preparation of specifications and 
methods of test in order to simplify the 
task of establishing and maintaining a 
reasonable degree of uniformity in the 
Society’s standards. 

The Executive Committee has revised 
the Regulations Governing the Finance 
Committee? primarily to provide ade- 
quately for authority to invest the funds 
of the Society; to sell, assign or transfer 
securities; and to arrange for collateral 
loans. A few minor revisions have 
been made, including a modified and 
more suitable requirement for obtain- 
ing competitive bids for printing the 
Society publications. The revised Re- 
gulations will be published in the 1940 
Year Book. 


The district committees have done 
good work during the year in the in- 
terest of the Society through the hold- 
ing of local meetings under their sponsor- 
ship, as noted later in this report, 
through activities in securing new mem- 
bers and in other ways. The Executive 
Committee wishes to express its appre- 
ciation to the officers and members of 
these committees for the time and 
thought that they are devoting to this 
work. 

The fourth conference of officers of 
district committees was held during the 
Spring Meeting at Detroit in March, 
1940, at which a number of matters of 
interest to the district committees were 
considered. Several features of the 
Spring Meetings held under the sponsor- 
ship of the district committees were 
discussed with considerable benefit. 
The plan adopted for the first time by 
the Detroit District Committee of 
defraying expenses of the Spring Meet- 
ing program was outlined, which in 
this instance has also made possible 


District Committees: 


2 See 1939 Year Book, pp. 276 to 277. 
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the addition of a substantial sum to the 
treasury of that committee. Various 
methods of handling membership pro- 
motion activities were considered, in- 
cluding a scheme that the Chicago 
District Committee is trying out of 
offering a copy of one of the Society’s 
compilations of standards or other suit- 
able publications to persons who secure 
new members. 


Meetings: 


The various meetings held during the 
past year “ave been fully reported in 
the ASTM BULLETIN so it is suffi- 
cient here simply to cite them as a 
matter of official record, with an ex- 
pression of appreciation from the Execu- 
tive Committee to the many, members 
of the committees who helped to make 
these meetings successful. 

The eleventh Spring Meeting and 
meetings of committees were held at 
Detroit, March 4 to 8, 1940, and fea- 
tured a Symposium on New Materials 
in Transportation. The total registra- 
tion was 460, with upwards of 110 
committee, subcommittee, and section 
meetings. Plans for the meeting were 
developed by the Detroit District Com- 
mittee under the chairmanship of T. A. 
Boyd, with the able assistance of the 
entire committee. 

The following local meetings were 
held under the auspices of the respec- 
tive district committees: In St. Louis 
on November 27, 1939; in Chicago, 
November 28, 1939, and March 27, 
1940; in Pittsburgh, January 29, 1940; 
in New York, December 12, 1939, 
and April 4, 1940; in Los Angeles, 
May 10, 1940. Accounts of each of 
these meetings have appeared or will 
appear in the ASTM BvuLtetin. Presi- 
dent Morgan attended the meetings in 
St. Louis, Chicago and the first meet- 
ing in New York and conveyed appro- 


priate greetings from the Society to the 


members and guests present. In the 
unavoidable absence of the President, 
J. J. Shuman and Dean Harvey con- 
veyed the President’s greetings at the 
Pittsburgh meeting. 

The Executive Committee announces 
that the next Spring Meeting and group 
committee meetings will be held in 
Washington, D. C., March 3 to 7, 1941. 
The next Annual Meeting, together with 
the Sixth Exhibit of Testing Apparatus 
and Related Equipment, will be held in 
Chicago, Ill., June 23 to 27, — f 
Publications: 

This has been a busy and eventful 
publication year. How busy it was 
may be seen from the information con- 
cerning publications that follow; and 
it was eventful because of the revised 
edition of the Book of Standards pub- 
lished in the new double-column format 
in three parts: I, Metals; II, Nonmetal- 
lic Materials, Constructional; III, Non- 
metallic Materials, General; and in- 
cluding for the first time the tentative 
standards and tentative revisions of 
standards. Omission of the latter from 
the Proceedings has made possible the 
publication of the Proceedings in a 
single volume containing committee 
reports, technical papers, and discussion. 
The Book of Tentative Standards is no 
longer published. The new Book of 
Standards has been favorably received 
by the members and throughout the 
industries and both the Executive Com- 
mittee and Committee E-6 on Papers 
and Publications, under whose direc- 
tion all publications are edited and 
issued, feel that a long step forward 
has been taken in increasing the useful- 
ness of the Society’s standards. 

The following regular publications 
were issued and distributed to the mem- 
bers: 


1939 Proceedings: This year, for the first 


time since 1921, in one part, comprising 1352 
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pages, 4850 copies. In addition, preprints of 
reports and papers totaled 1355 pages, 1500 


Part I, Metals, 1344 pages, 8600 copies. 
Fast Il, Nonmetallic Materials, Construc- 
tional, 1249 pages, 6700 copies. 

Part III, Nonmetallic Materials, General, 

1201 pages, 6500 copies. 

A.S.T.M. Methods of Chemical Analysis of 
Metals, 256 pages, 3200 copies (intended as a 
two-year supply). 

1940 Index to A.S.T.M. Standards, Including 
Tentative Standards, 160 pages, 16,500 copies. 

Year Book, 304 pages, 3200 copies. 

ASTM BUuLLETIN, six issues, August 1939 to 
May 1940, 360 pages; average edition, 6530 
copies. 


copies. 
1939 Book of Standards: 


The following symposiums held at the 
Columbus Regional Meeting in 1939 
were published and furnished to mem- 
bers on order: 


Symposium on Thermal Insulating Materials, 
127 pages, 2000 copies. 
Symposium on Lime, 124 pages, 2000 copies. 


A statement of the volume of the 
above-mentioned publications for the 
past four years follows. This statement 
is not truly comparative because all the 
standards published in 1936 and 1937 
and most of those in 1938 were in the 
single-column format that has now been 
discarded. 


1936, | 1937, | | 1938, | 1939, 


Publication pages: pages. pages | pages 


2111 2092 2084 | 1352 
Book of A. .T.M. Standards..|) 2419 | ... | 37 
Supplement to Book of A.S. 

M. Standards 
A.S.T.M. Methods of Chemi- | 

cal Analysis of Metals.....; 260 | 
Index to A.S.T.M. Standards | 
yee Tentative Standards. . 160 | 

6 


1664 
Regional Meeting 132 | 232 


| 6750 | 4922 | 4637 | 6117 


During the year the Society also pub- 
lished the following compilations of 
standards: 


A.S.T.M. Standards on Cement (Committee 
C-1), 103 pages, 2000 copies, published annually. 


A.S.T.M. Standards on Petroleum Products 
and Lubricants (Committee D-2), 348 pages 
— 4900 copies, published annually. 
_ A.S.T.M. Standards on Electrical Insulating 
Materials (Committee D-9), 319 pages, 70( 
copies, published annually. 

A.S.T.M. Standards on Rubber Products 
(Committee D-11), 218 pages, 1200 copies, 
published biennially. 

A.S.T.M. Standards on Textile Materials 
(Committee D-13), 336 pages, 1300 copies 
published annually. 

A.S.T.M. Specifications for Pipe and Piping 
Materials for High-Temperature and High- 
Pressure Services (Committee A-1), 143 pages, 
1500 copies, published annually. 


Selected A.S.T.M. Standards for Students in 
Engineering, 224 pages, 6000 copies. 


The following four publications were 
also issued, the last three being reprints 
from the Proceedings: 


Evaluation of Petroleum Products (Sectional 
Committee Z 11), 56 pages, 2500 copies. 

Wire Test Report (Subcommittee VIII, 
Committee A-5), 117 pages, 1 large insert plate, 
2000 copies. 

Report of Committee B-3 on Corrosion of 
Non-Ferrous Metals and Alloys, 18 pages, 5 
large insert plates, 1000 copies. 

Marburg Lecture: “Stress, Strain, and Struc- 
tural Damage,” by H. F. Moore, 26 pages, 3000 
copies. 


Charge for Right to Reprint Standards. 
—The Executive Committee has es- 
tablished the policy of making a charge 
for the right to reprint the copyrighted 
A.S.T.M. standards and tentative stand- 
ards. For many years no charge for 
this right has been made. In recent 
years many organizations have for 
excellent reasons found it desirable, in 
their utilization of A.S.T.M. standards, 
to reprint them in their own type format 
for distribution instead of purchasing 
them from the Society, which in general 
is preferred and is usually done. Thus 
the Society is deprived of a needed 
source of income from sales of publi- 
cations, to an extent which has come to 
be quite considerable with the rapidly 
expanding use of A. S.T.M. leeaeeel 
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It is equitable that the Society should 
be reimbursed for this privilege, inas- 
much as all income from publication 
sales is applied to the operations of the 
Society which benefit not only its mem- 

bers but industry generally. 

Accordingly, a scale of charges for 
the right to reprint standards and tenta- 
tive standards has been adopted, the 
charges depending upon the number of 
standards and the number of copies to 
be printed. Anyone desiring to reprint 
one or more A.S.T.M. standards or 
tentative standards should communicate 
with the Secretary-Treasurer of the 
Society for the required permission, 
whereupon the charges applicable to 
each case will be quoted. 

The charges apply to all reprinting 
in full, either as separates or in pamph- 
let form, or as part of a book. No 
charge is made for reprinting excerpts 
from standards, although permission for 
excerpting should be obtained. It is 


required that suitable acknowledgment 
be made to the Society in all cases. 


Finances: 


Report for the Fiscal Year 1939.— 
The annual statement of the finances of 
the Society follows in the report of the 
auditors for the fiscal year, January 1 
to December 31, 1939. The report 
gives the balance sheet of assets and 
liabilities, including special and desig- 
nated funds (that is, the Research Fund, 
Medal and Lecture Fund, and Commit- 
tee Funds); statement of receipts and 
disbursements, in which items are classi- 
fied into “operating” (budgeted) and 
“nonoperating” ; details of special funds; 
and investment of Society funds, both 
book and market values being given. 

Total receipts from dues and entrance 
fees in 1939 were $82,348.69, an in- 
crease of about $1800 over correspond- 
ing receipts for the preceding year. 
Receipts from sales of publications 


HE EXECUTIVE COMMITTEE 


totaled $51,640.05, being the record 
highest figure in the Society’s history. _ 
The percentage ratio to total receipts is 
34.4 per cent, which is about average 
for recent years. The fact that one- 
third of the Society’s income is derived 
from sale of its publications is signifi- 
cant in showing the Society’s depend- 
ence on this source of income as a means 
of carrying on its work. Miscellaneous 
receipts amounted to $16,178.27, con- 
sisting principally of receipts from ad- 
vertising in the ASTM BvutL.etin and 
the Index to Standards and Tentative 
Standards, receipts from the Exhibit of 
Testing Apparatus and Equipment, in- 
terest and dividends, and registration 
fees. Advertising in both BULLETIN 
and Index was slightly greater than the 
preceding year. 

Total operating receipts were $150, 
167.01. Total operating disbursements 
with all current bills paid, as detailed 
in the auditors’ report, were $151,685.97. 
The resulting deficit of $1518.96 was 
met from reserve acquired from opera- 
tions of the fiscal year 1937. 

Because of factors introduced by the 
triennial publication of the Book of 
Standards, current operations of the 
Society must be reviewed over a three- 
year period for a true picture. For the 
three-year period comprising the fiscal 
years 1937, 1938, and 1939 there is a 
favorable balance between operating 
receipts and operating disbursements of 
$10,679.16. 

In the statement of liabilities, atten- 
tion is called to the fact that there is 
still included the Book of Standards’ 
Reserve of $12,000. Normally this re- 
serve is completely expended in the year 
in which the triennial Book of Standards 
is published. However it was not pos- 
sible to complete Parts I and II of the 
Book in 1939; accordingly only a por- 
tion of the costs of the complete Book 
of Standards was placed on the books 
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_ REPORT OF THE AUDITORS FOR THE Fiscat YEAR, JANUARY 1, TO DECEMBER 1, 1939 


“= _ Philadelphia, January 11, 1940. 
Mr. C. L. Warwick, Secretary-Treasurer, 
AMERICAN SOCIETY FOR TESTING MATERIAIS tite _ 

We have examined the books and accounts of your Society for the year ended December 
31, 1939. We did not make a detailed audit of all transactions, but made extensive test 
checks to determine the accuracy of your records. 

We have prepared and submit herewith Balance Sheet as of December 31, 1939, State- 
ment of Cash Receipts and Disbursements for the year ended that date and other sup- 
porting schedules, all of which are in agreement with the records of your Society. In our 
opinion, these statements present fairly the financial position of the Society at December 31, 
1939, and the results of its operations for the year then ended. 

The investments owned by the Society as detailed were examined by us, with the excep- 
tion of $17,000 Baltimore & Ohio R. R. Co. Gen & Ref Bonds which were deposited 
with the Girard Trust Co. under plan of modification of interest charges and maturities 
and for which a receipt of said depository was submitted. 

All income from investments was properly accounted for. In this connection the income 
from 98 shares of General Motors Co. stock is not included in the income of the Society 
in any of the schedules herewith, as same is payable to an annuitant as and when received 
under the terms of an agreement dated February 20, 1937. 


a (Signed) Joun Hems & Co. 


i BALANCE SHEET AS OF DECEMBER 31, 1939 
b 
(Including Special and Designated Funds) 


Assets 
‘ Current: Cash 
: Less checks drawn as of December 31, 1939—(Cost 
of Proceedings $10 200 and Book of Standards 
and Tentative Standards $10 500) in hands of 
Secretary-Treasurer that date 2 
$9 329.65 
Investments (Market Value, $47 961 .39)—Cost 54 902.10 
Accounts Receivable 13 939.06 
ans $78 170.81 


Furniture and Fixtures 6 467.27 
A.S.T.M.-A.S.M.E. Symposium on Effect of Temperature: Special Account for 
Financing Book 941.47 
Total General Funds $85 579.55 
Special and Designated Funds: eye 
Cash: A.S.T.M. Research Fund 
Dudley Medal and Marburg Lecture Fund 
Committee Funds 
12 169.44 
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Investments: 
A.S.T.M. Research Fund (Market Value, $18 873.26)—Cost or 
book value 
Dudley Medal and Marburg Lecture Fund (Market Value, 
$1 892.50)—Cost 
Committee Funds (Market Value, $6 535.00)—Cost 


General Funds: 


Current: Accounts Payable: 
Committee A-1 


Committee C-1 
Advance Collections, Members and Publications... 2 513.36 
‘Total Current Liabilities—General Fund 


Life Membership Fund 

Headquarters Fund 

Publication Fund. 

A.S.T.M.-A.S.M.E. Creep Data Volume 

Book of Standards Reserve 

Book of Standards Reserve, Account of Sales for Future 
Delivery 3 000.00 

58 117.14 


Total General Funds 


Special and Designated Funds: 
A.S.T.M. Research#Fund $25 033.41 
Dudley Medal and Marburg Lecture Fund 7 143.63 
Committee Funds 15 508.23 
Total Special and Designated Funds 


Total Liabilities and Funds 


CoMPARISON OF GENERAL FUNDS FOR Fiscat YEARS 1935-1939, INCLUSIVE 


Assets Liabilities 


At Close of Fiscal 
Year 


Accounts Accounts 
Furniture Reserve for 
Cash Investments and | Payable |" Book of Surplus 


i and Mis- 
cellaneous | Fixtures |-ejjaneous| Standards 


$10 514.73 | 36 180.42 9 220.39 | 7489.70 ° 10 023.44 
8 29 767.23 . 6 915.95 

37 599.49 . 7 029.87 
39 568.24 ° 6 912.96 
54 902.10 ° 6 467.27 


| 
390.86 
6000.00 
_35 515.86 
Total Special an‘l Designated Funds. ... $47 685.30 
\ 
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‘ 
RECEIPTS AND DISBURSEMENTS 
For THE PEeriop JANUARY 1, 1939, TO DECEMBER 31, 1939 
Cash balance, January 1, 1939 


3 


Operating Receipts (Budgeted): 
Dues and Entrance Fees: 
Current Dues 


Income, Life Membership Fund 
Entrance Fees 


Total Dues 


Sale of Publications: 
Separate Standards 7 512.12 
Book of Standards 5 176.85 
Book of Standards (Members, addl. parts) 5 122.28 
Combined Book of Standards and Tentative Standards. 1 745.08 
Book of Tentative Standards 5 684.63 
Methods of Chemical Analysis of Metals 665.71; 
Proceedings 4 867.05 
Selected Standards for Students in Engineering 827 .00 
Bulletin Subscriptions (Non-Members) 252.40 
i, Special Reprints and Miscellaneous 19 786.93 
wa Total Sale of Publications 


Miscellaneous: 

Binding (Members) 

Advertising, Bulletin 
Advertising, Index 
Interest and Dividends 
Registration and Other Fees, Annual Meeting 
A.S.T.M. Exhibit, Annual Meeting 
Committee A-1 for Technical Assistant 
Miscellaneous 


Total Operating Receipts (Budgeted) 


Nonoperating Receipts (Not Budgeted): 
Investments, Matured or Sold 
Excess Remittances 
Accrued Interest 
Creep Data Volume 
Symposium on Effect of Temperature 
Committee C-1 for Technical Assistant 


Total Nonoperating Receipts 
Total Receipts 170 754.56 


Carried Forward $195 180.07 
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DISBURSEMENTS 
Operating Disbursements (Budgeted): 
Publications: 
Combined Book of Standards and Tentative Standards. . 16 979.172 
Selected Standards for Students..................... 943.24 
Methods of Cherhical Analysis of Metals.............. 1 158.39 
Index to Standards and Tentative Standards.......... 2 013.17 
Reprints (Reports, Papers, Symposiums, etc.). . Ee 8 219.79 
Miscellaneous Printing (Authors’ ete.) 628 .64 


Resetting Standards (Double Column). . ‘paeieeteretabe 3 988 .09 


Expenses, Standing amd District 
Expenses, Meeti*igs and A.S.T.M. Exhibit........................ 
Traveling Expenges, Administrative and Special Committees........ 
American Standards Assn. and Sectional Committees.............. 


Principal, A.S.T.M. Research Fund (one-half current year’s entrance 
950.32 
Miscellaneous (Dues, Contributions, 428 .00 
Total Operating Disbursements (Budgeted)................... $151 685.97 


Nonoperating Disbursements (Not Budgeted): 


Refund of Excess Remittances..................-.-..- 237 .42 

Purchase of Retirement Income. . 750.00 
Symposium on Effect of Temperatrre. . 4.11 
Technical Assistant, Committee C-1.................. 1 588.16 peer Fg 


Total Nonoperating Disbursements........................... 


A Cash Balance, December 31, 1939 


* This amount includes $10,500.00 covering checks drawn against cost of Book of Standards and Tentative Standards, 
but not actually paid on December 31, 1939, pending final completion of the publication work. 
This amount includes $10,200.00 covering checks drawn against cost of Proceedings, but not actually paid on De- 
cember 31, 1939, pending final completion of the publication work. 
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In addition to the general funds of the Society, the Secretary-Treasurer has on hand the follow- 


ing funds: 
A.S.T.M. REsEaRcH FUND 


Principal Account: 
Balance, January 1, 1939 
Receipts—Sale of Securities 
Profit on Sale of Securities 
Contribution — A.S.T.M. 


Total 
$22 878.18 


Invested 
$21 660.07 
—2 490.00 


Uninvested 
Cash 

$1 218.11 

+2 644.50 


+1 250.00. 


Disbursements—Purchase of Securities 
Balance, December 31, 1939 


Income Account: 
Cash Balance, January 1, 1939............. 
Receipts—Interest and Dividends 
Disbursements: 
Fiber Board Investigation (Committee D-6). . 
Painting of Structional Iron and Steel (Com- 
mittee D-1) 
Speed of Testing Metals (Committee E-1).... 
Cash Balance, December 31, 1939 


$19 170.07 
+3 720.79 


$22 890.86 


$1 150.12 


$750. .73 


DupLtEY MEDAL AND MaArsurG LECTURE FUND 


Balance, January 1, 1939: 
Principal—Investment (at Cost) 


$6 625.00 
Income—Cash 


693 .90 
Interest on Deposits and Investments 


Engrossing 1939 Lecture Certificates 
Honorarium, 1939 Lecturer 

Cost of 1939 Medal 

Miscellaneous 


Balance, December 31, 1939: 
Principal—Investments (at Cost) 
Income—Cash 


Committee A-5 Subcommittee X on Embrittlement Investigation 
Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys 
Committee B-6 on Die-Cast Metals and Alloys 

Committee C-1 on Cement 


Committee C-1, Cement Reference Laboratory 

Committee C-9 on Concrete and Concrete Aggregates 

Committee C-9, Sanford E. Thompson Medal Fund 

Committee C-15 on Manufactured Masonry Units. . 

Committee C-18 on Natural Building Stones and Slate. . 

Committee D-1 on Paint, Varnish, Lacquer, and Related Products. 
Committee D-2 on Petroleum Products and Lubricants 

Committee D-13 on Textile Materials 

Committee D-13, Testing Textile Finishes 


$7 318.90 


ASA Sectional Committee on Specifications for Cast-Iron Pipe and 


ASA Sectional Committee on Classification of Coals 
Research Committee on Fatigue of Metals 


Total Committee Funds 
Accounted for as Follows: 


Cash Balance, December 31, 1939 
Investments—at cost 


$5 112.61 
—3 720.79 


$1 391.82 


263.25 


$7 143.63 


$15 508.26 


$15 508.26 
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INVESTMENTS, DECEMBER 31, 1939 


Shares or 
Par Value Value Value* 
$9 000 Baltimore & Ohio R. R. Refunding and General iii 
Bonds, Series F, 5’s, due 1996 $9 106.55 $2 610.00 
4000 New York, Chicago & St. Louis R. R. Refunding Mortgage ; 
Bonds, Series C, 43’s, due 1978 2 805.61 2 300.00 
3 000 Wheeling Steel Corp., First Mortgage Sinking Fund Bonds, 
Series A, 4}’s, di 3 045.00 2 932.50. 
3 000 Republic Steel Corp., General Mortgage Bonds, Series B, 4}’s, py 
3 000.00 2846.25 
2 000 North Station Industrial Bldg., Inc., First Mortgage Sinking ca 
Fund Bonds, 5’s, due 1962 1 850.00 1 200.00 
3 000 Armour and Co., First Mortgage, 20-yr. Sinking Fund Bonds, 
Series C, 4’s, due 1957 2 955.00 2 985.00 
3 000 Pennsylvania State Water Corp., First Collateral Trust Bonds, 
43’s, due 1966 2 850.00 3 105.00 
3 000 Michigan Consolidated Gas Co., First Mortgage 4’s, due 1963 . 2 925.00 3 045.00 
3 000 Columbia Gag & Electric Co., Debentures, 5’s, due 1961 3 038.00 3 127.50 
500 Florida Power’ & Light Co., First Mortgage, 5’s, due 1954 . ; 518.13 


Stock 


50 shares Great Northern Ry. $6.00 Preferred Stock, par value 

$100 1 337.50 

50 shares General Electric Co., Common Stock, no par value .... : 2 018.75 
100 shares American Radiator & Standard Sanitary Corp., Com- 

mon Stock . 1 012.50 

i 2 125.00 


2 806.25 
25 shares Sears, Roebuck & Co., Capital Stock .- E 2 128.13 


1 share Standard Oil Co. of New Jersey, Capital Stock , 43.88 
200 shares United Gas Improvement Co., Common Stock ‘ 2 900.00 
20 shares West Penn Power Co., Preferred Stock, par value $100. F 2 295.00 
50 shares United States Gypsum Co : 4 162.50 
100 shares S. S. Kyrsee Co., Common Stock 3 2 462.50 


ote? $54 902.10 $47 951.39 


A.S.T.M. RESEARCH FUND 
Bonds 


$1 500 Baltimore & Ohio R. R. Refunding and General Mortgage 
Bonds, Series F, 5’s, due 1996 1 511.25 435.00 

2000 New York, Chicago & St. Louis R. R. Refunding Mortgage 
Bonds, Series C, 44’s, due 1978 1 400.26 1 150.00 

2000 First Mortgage Real Estate Bonds, 1315-1317 Spruce St., 
Philadelphia, 6’s, due 1945 2 000.00 1 200.00 

3 000 North Station Industrial Bldg., Inc., First Mortgage Sinking 
Fund Bonds, 5’s, due 1962 2 812.50 1 800.00 

1000 Baldwin Locomotive Works, First Mortgage, Sinking Fund 
Bonds 5’s, due 1940 991.53 1 012.50 
1000 Allis Chalmers Mfg. Co., Convertible Debentures, 4’s, due 1952. 1 035.28 1 105.00 
1000 Columbia Gas & Electric Co., Debentures, 5’s, due 1961 1 012.65 1 042.50 
1 500 Florida Power & Light Co., First Mortgage, 5’s, due 1954 ...... 1 473.75 1 554.38 
Stock 
29 shares Consumers Power Co., $4.50 Preferred Stock, no par i s—(‘“‘<‘;itw™s” 
2 914.50 2 939.88 
98 shares General Motors Corp., Common Stock, par value $10°.. 6 504.75 5 341.00 

12 shares Consolidated Edison Company of New York, $5.00 Pre- 


$22 890.86 $18 873.26 
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Par Value 


Book 
Value 


Market 
Value 


$500 Baltimore & Ohio R. R. Refunding and General Mortgage 


Bonds, Series C, 6’s, due 1995 


550.00 152.50 


6 000 Baltimore & Ohio R. R. Refunding and General Mortgage 


Bonds, Series A, 5’s, due 1995....... 


$5 000 U. S. Treasury Bonds, 2?’s, due 1947 
1 000 U. S. Treasury Bonds, 23’s, due 1960 


6075.00 
$6 625.00 


1 740.0 


$1 892.50 


5 000.00 
1 000.00 


$6 000.00 
$90 417.96 


5 456.25 
1 078.75 


$6 535.00 
$75 272.15 


_ * Market Values, except on First Mortgage Real Estate 1315-1317 Spruce St., 6’s, 1945, on which there was no quota- 
tion, and North Station Industrial Bldg., Inc., First Mortgage Sinking Fund, 5’s, 1962, on which a quotation was ob- 
tained from the brokers, were taken from the Wall Street Journal of December 30, 1939. 

The income from these shares is by agreement paid to an annuitant. 


in 1939 and the $12,000 reserve con- 
tinued to be carried as a liability for the 
balance of the cost of the complete 
Book of Standards. The sum of $3000 
reported as a liability for Book of 
Standards Reserve Account for Sales 
for Future Delivery is explained by 
the fact that charges totaling approxi- 
mately $9000 for orders of the com- 
plete Book of Standards were placed on 
the books in December, 1939, although 
delivery of these orders could be made 
only on Part III; accordingly it was 
thought best to carry one-third of this 
sum as a liability. 

The auditors’ report includes a com- 
parison of the financial condition of the 
Society at the close of the last five years. 
The surplus in the general funds ac- 
count, exclusive of special and desig- 
nated funds, is $58,117.14, which com- 
pares with $57,332.84 a year ago. The 
principal of the Research Fund on 
December 31, 1939, was $24,282.68. 

Investment of Society funds as of 
December 31, 1939, are given in the 
auditors’ report, both book and market 
values being shown. In line with the 
policy of increasing the proportion of 
Society General Funds invested in 
dividend-paying common stock, vari- 
ous purchases of such stock were made 


during the year from surplus. Sales 
of certain of these stocks before the 
close of the year yielded a profit of 
$1350, and the stocks remaining in the 
Society’s portfolio on December 31 
are listed in the auditors’ report. Un- 
invested principal in the A.S.T.M. 
Research Fund at the close of 1938 was 
invested in 12 shares of Consolidated 
Edison Co. of New York $5 preferred 
stock. Certain transfers of investments 
were made affecting both General and 
Research Funds: $2000 Saguenay Power 
Co. First Mortgage 4} per cent Bonds 
were replaced with $2000 Florida Power 
and Light Co. First Mortgage 5 per 
cent bonds; 40 shares of Northern States 
Power $5 preferred stock were replaced 
with $4000 Columbia Gas and Electric 
Co. 5 per cent debenture bonds; $4000 
Montana Power Co. First Mortgage 

¢ per cent bonds were replaced with 
40 shares of common stock of American 
Can Co., which were subsequently sold 
and the proceeds reinvested in another 
common stock. 

No account has been taken in the 
accompanying financial statement of 
the assets of the Society in the form of 
publications in stock, with the exception 
of the cost value, $941.47, of the copies 
still in stock of the 1931 Joint A.S.M.E.- 
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A.S.T.M. Symposium on Effect of 
Temperature on the Properties of Metals 
purchased by the Society from a joint 
account; this amount is included in the 
statement of assets. There appears in 
the statement of liabilities the sum of 
$1100.72, which represents net profit 
to December 31, 1939, on the 1938 Joint 
A.S.T.M.-A.S.M.E. Creep Data Vol- 
ume likewise published jointly and 
handled through a separate account as 
a “nonoperating” item. An inventory 
of technical publications on June 1, 
1940, may be summarized as follows: 


Number 
of Copies 


Index to Proceedings, 5 parts, total 
1939 Book of A.S.T.M. Standards: 


Index to Standards and Tentative Standards.. 

Selected Standards for Students in Engineering. 

Reprints of Standards and Tentative Standards 
(approximate) 

Symposium on Effect of Temperature on the 
Properties of Metals 

Data Volume 


1940 Finances.—The Society’s opera- 
tions for 1940 are based upon budgeted 
operating receipts of $169,500. Re- 
ceipts from dues and entrance fees are 
estimated at $84,250; receipts from sales 
of publications at $72,500, of which 
about half is expected to be realized 
from the sales of the 1939 Book of 
Standards and 1940 Supplement thereto; 
miscellaneous receipts, including ad- 
vertising, interest and dividends, are 
estimated at $12,750. Disbursements 
have been estimated at $160,000, leav- 
ing an estimated surplus of about $9500 
to be applied if necessary to operations 
in the second and third years of the 
triennial period beginning with 1940. 
The budget provides fully for all the 
Society’s normal operating expenses 
including all current publications, activi- 
ties of standing and district committees 
and necessary expansion of staff, 
to which reference is made later. 


The Executive Committee reviews the 
budget of receipts and disbursements 
quarterly and makes any adjustment 
that may be necessary. : 
Payment of the costs of the 1939 Book 
of Standards, totalling $27,088.92, was 
completed in May, 1940, by the payment 
of $10,109.75 from the $12,000 Book of 
Standards Reserve, which together with 
the sum of $16,979.17 paid in 1939 (see 
auditors’ report) makes up the total. © 
This does not include the costs of re- 
setting standing material in the double- 
column format. These costs have 
amounted to $13,919.25, which includes 
about $3000 for editorial services not 
covered in the usual budget of salaries; 
a total of $10,119.25 has been paid— 
$2128.77 in 1938, $3988.09 in 1939 (see _ 
auditors’ report), $4002.39 in 1940—_ 
leaving only $3800 to be carried over 
for future payment in accordance with 
the arrangements made with Waverly 
Press, the Society’s printers. A balance 
of $1890.25 remains in the Book of 
Standards Reserve for application to 
the costs of the 1942 edition. 
Investments of general funds have 
been made so far this year in common 
stocks of J. C. Penney Co., Public 
Service Corp. of New Jersey, Atlantic 
Refining Co., and Mathieson Alkali Co., 4 
and in $2. 50 preferred stock of General 
Telephone Co. Twenty shares of West 
Penn Power $4.50 preferred stock were 
sold and the proceeds invested in 25 
shares of Colgate-Palmolive-Peet 4} per — 
cent preferred stock. The sum of $6000 
from 1940 receipts applied to the Book 
of Standards Reserve has been invested 
in shares of two Federal Savings and 
Loan Associations, currently paying 4 
per cent—30 shares of value $3000 in — 


re 


each association. Deposits in these ~ 


associations up to $5000 are guaranteed — 


by the Federal Savings and Loan In- _ 


surance These invest-— 
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present auditors’ report. They bring 
the total book value of Society invest- 
ments as of May 31, 1940, in all funds, 
to $111,621.69; market value of these 
securities on the same date was 
$79,501.40. The Society’s cash balance 
on May 31, 1940, was $64,765.42. 


Expansion of Staff: 


In its report a year ago the Executive 
Committee referred to some of the prob- 
lems, administrative and financial, that 
are presented by the rapid growth of the 
standardization work of the Society and 
expansion of our activities into new 
industrial fields. An essential need is 
for an enlarged editorial staff capable of 
handling promptly and efficiently the 
editing of our technical specifications 
and tests, which are often of highly 
special nature requiring competent and 
experienced persons with suitable train- 
ing. The Executive Committee has 

‘= able partly to meet this need by 
the appointment to the staff of Mr. M. 
__-D. Huber, a graduate in chemistry, and 

_ by augmenting the clerical staff when 
- necessary to provide adequate help at 


_ periods of peak publication activity.’ 


_ This enlargement of the staff has been 
made possible by the added income 
available from sustaining memberships. 
These memberships, moreover, have 
enabled the Society to meet from current 
income the steadily growing expense of 
publication of standards and to plan 
ahead for future developments with 
greater assurance,—as for example, the 
further growth of the BULLETIN as a 
technical journal. Sales of the Book of 
Standards and its supplements are 
counted upon to provide further net 
income in support of publications, and 
while present indications are promising 
it will require a three-year period be- 
ginning with this year to determine the 
extent and relative certainty of that 
source of income. 


Retirement Plan for Employees: 


Effective May 1, 1940, the Executive 
Committee has increased the Society’s 
contribution to the Retirement Plan for 
A.S.T.M. Employees by $25 per month, 
bringing the annual contribution to 
$1380 or about 23 per cent of the salary 
roll. These contributions are applied 
to the purchase of retirement income 
policies in the Penn Mutual Life Insur- 
ance Co. of Philadelphia for the eighteen 
(of twenty-one) employees who are par- 
ticipating, each employee matching from 
his salary the Society’s contribution 
towards his retirement policies. Nearly 
all these employees are contributing 2} 
per cent or more of their salaries and 
the ratios between monthly retirement 
income (at age 65 for men and 60 for 
women) and salaries are in some cases 
approaching desirable percentages. 

The sums of $500 and $250 were 
applied in 1939 from surplus towards 
retirement income for the Secretary- 
Treasurer and Assistant Secretary, re- 
spectively. In the present fiscal year 
(1940) the sum of $250 was similarly 
applied for the Assistant Secretary. In 
addition an Executive Retirement Re- 
serve has been established for the pur- 
pose of providing funds towards require- 
ments for retirement of members of the 
executive staff of the Society supple- 
mentary to retirement income policies 
provided under the Retirement Plan, 
to which Reserve there has been applied 
from surplus the sum of $1000 with the 
provision that income from this sum 
shall be added to the principal. 


Headquarters: 


The space in Society headquarters 
devoted to addressograph and duplicat- 
ing operations, shipping and publication 
storage, heretofore on the fourth floor 
of the building, has been increased about 
20 per cent in taking new rooms on the 
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same floor (fifth) on which the main 
offices are located. Shelving space in 
new steel stacks for publication storage 
has been increased about 30 per cent 
and better arrangement of facilities has 
been effected. Annual rental has in- 
creased in amount commensurate with 
the increased space acquired, and the 
lease on the entire headquarters, now 
comprising about 4200 sq. ft., has been 
extended to December 31, 1942. 


Relationship with Program for Industrial 
Preparedness: 


The importance of materials standards 
in the Government’s Industrial Pre- 
paredness Program has led the Execu- 
tive Committee to discuss with appro- 
priate officials of the Government the 
relationship of the Society to the plans 
for industrial mobilization in the event 
ofemergency. The standardization and 
other facilities of the Society have been 
offered to the Planning Division, Office 
of the Assistant Secretary of War, and 
ways in which these facilities including 
our extensive committee organization 
might be utilized have been suggested. 

These discussions have emphasized 
the importance in time of emergency of 
having A.S.T.M. specifications and Fed- 
eral specifications as closely in harmony 
as to substance as possible, and plans 
are under development—for initial ap- 
plication to the metals field—to bring 
about where possible a closer and more 
direct contact between A.S.T.M. and 
Federal committees when specifications 
or their revisions are in the formative 
stage. Increased representation of vari- 
ous branches of the War Department 
upon the committees of the Society has 
been arranged, and in cne important 
instance—that of copper and copper 
alloys, Committee B-5—has already re- 
sulted in effective cooperation in the 
development of specifications for ma- 
terials of great importance in the produc- 
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tion of munitions, which are being 
offered to the Society at this meeting. 
Committee D-11 has also been cooperat- 
ing effectively with the Federal Speci- 


fications Committee on Rubber. 
ap 

{ 


Cooperative Activities: nae 

The Society’s activities have always 
of necessity involved cooperative rela- 
tions with many other organizations, 
which relations proceed along well-estab- 
lished lines. News items in the ASTM 
BULLETIN have told of various activities 
in this direction and these need not be 
repeated. Several happenings during 
the year, however, merit specific men- 
tion here. 

The Society’s contacts with the Ameri- 
can Standards Association constitute one 
of its most important cooperative activi- 
ties. During the past year the principal 
work has been more or less routine in 
nature, involving the submission of new 
and revised standards to the ASA for 
approval as American standard. The 
annual report of Committee E-10 on 
Standards presents this work in detail. 

Upon nomination of the Society, 
Jerome Strauss, Vice-President, Va- 
nadium Corporation of America, was 
elected to membership on the Board of 
Directors of the American Standards 
Association, succeeding Dr. G. W. 
Thompson who had resigned. President 
H. H. Morgan was re-appointed for a 
term of three years as one of the So- 
ciety’s representatives on the Standards 
Council. R. P. Miller has been re- 
appointed as the Society’s representative 
on the Building Code Correlating Com- 
mittee. 

The cooperative work with the Society 
of Automotive Engineers in the develop- 
ment of standards for automotive rub- 
ber, begun over a year ago and men- 
tioned in last year’s report, is assuming 
much importance and is being actively 
carried on by a joint committee of 
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technical men from the rubber and auto- 
motive industries that is functioning as 
Technical Committee A of Committee 
D-11 on Rubber Products. 

Interest in the work of the Inter- 
Society Color Council is seen in the 
appointment of three additional non- 
voting delegates from the Society in 
the persons of C. E. Foss, A. G. Ash- 
croft and C. J. Huber. The Society’s 
voting and in that sense official dele- 
gates are M. Rea Paul, A. W. Kenney 
and W. M. Scott. The Color Council 
is sponsoring a symposium on “The Use 
of Color in the Testing of Materials” at 
the Spring Meeting of the Society to be 
held next March in Washington. 

During the year the Society has co- 
operated with the Analytical Division 
of the American Chemical Society in 
developing plans for a symposium on 
the subject ““Tools of Analytical Chemis- 
try” which is one of the features of the 
present meeting. 


The Society was represented at the 


Eighth American Scientific Congress 
held in Washington, May 10 to 18, 1940, 
by Past-President T. G. Delbridge, who 
presented a paper before Section VI of 
the Congress on Physical and Chemical 


June, 1940. 


Sciences on the subject “Quality Meas- 
urements of Petroleum Products.” At 
the suggestion of the Society W. D. Ap- 
pel of the National Bureau of Standards 
presented a paper before the same Sec- 
tion describing developments in this 
country on specifications and tests for 
textiles. 

The Joint Committee on Trolley Wire 
Specifications, which had existed for 
many years as a committee of the Ameri- 
can Transit Association, Association of 
American Railroads and this Society, 
has by agreement among the constituent 
organizations been disbanded and _ its 
work turned over to the Society’s Com- 
mittee B-1 on Copper and Copper-Alloy 
Wires for Electrical Conductors, to 
which representatives of the other two 
associations have been added. 


Respectfully submitted on behalf of 
the Executive Committee, 


Secretary-Treasurer, oT 
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Prominent among the standardization 
activities of Committee A-1 on Steel 
during the past year has been the in- 
tensive work involving forgings, spring 
wire, pipe and tubing, and materials 
for high-temperature .service including 
pipe, castings, and forgings. As dis- 
cussed in this report under activities of 
subcommittees, a number of important 
recommendations have been developed 
involving both new specifications and 
revisions of existing tentative standards 
and standards, most of the latter being 
offered for immediate adoption. 

Three series of meetings have been 
held during the year: the first in Atlan- 
tic City, N. J., on June 26 and 27, 
1939; the second in Philadelphia, Pa., 
on January 8 and 9, 1940; and the third 
in Detroit, Mich., on March 4 and 5, 
1940. Including the sessions of sub- 
committees and sections, the number of 
meetings held during the year was in 
excess of 50. Members have cooperated 
closely by attendance at these meetings 
and the committee’s work in the de- 
velopment of purchase specifications has 
been notably advanced. 

Since the 1939 annual meeting, 12 new 
members have been elected and 4 resig- 
nations accepted, the committee mem- 
bership now totaling 229, of whom 121 
are classified as nonproducers and 108 
as producers; of the former, 93 are con- 
sumer and 28 general interest members. 

Work by Sections—While some of the 
subcommittees have organized perma- 
mont handle particular phases 
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- ing recent years to develop recommenda- — 


of their work, and other eabcomaitiens 
informally have appointed sections dur- 


tions or to investigate certain specific 
problems, there has been a notable | 
increase in the use of this method of © 
handling various problems confronting 
the committee. Except in its minutes 
the committee does not officially list 
the personnel of these sections but recog- 
nition of their work is noted from : 


to time in the committee reports. Sec- 
tions are frequently constituted with 
equal representation from non-producers 
and producer interests and in all cases . 
there is representation of active con- | 
sumers. Too much credit cannot be 
given these various groups for their 
intensive work. Frequently, the ex- | 
tensive correspondence and the long — 
hours spent by the members at meet- 
ings, are effective in coordinating differ- 
ent viewpoints and conserving the efforts 
of the larger groups constituting the — 
subcommittees and Committee A-1 it- 
self. Many of the subcommittees havea 
very extensive membership personnel in 
order to cover effectively the different 
types and uses of material, such as 
forgings, pipe and tubing, materials for © 
high-temperature service, and the like. 
The use of the section method in han- 
dling work insures concentrated efforts 
of authorities on a specific subject. 
Losses by Death—During the year 
Committee A-1 has lost by death three 
members. The committee records its 
sincere appreciation of their generous — 
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services. E. E. Hughes, one of the 
founders of the Rail Steel Bar Associ- 
ation, was particularly concerned, until 
his gradual retirement from active busi- 
ness, with steel concrete reinforcement. 
C. W. Johns, Chesapeake and Ohio 
Railway Co., although not active in the 
committee over a long period of time, 
had been keenly interested in certain 
work. Special mention should be made 
of the sustained interest of R. S. Mac- 
-Pherran, Allis-Chalmers Manufacturing 
Co. A member of the committee since 
1914, he had been active in the work of 
several subcommittees, including Sub- 
committee VI on Steel Forgings and 
Billets, Subcommittee VIII on Steel 
Castings, and in the work on bar steels. 
An outstanding metallurgical authority, 
Mr. MacPherran was a loyal supporter 
of the work of the Society, particularly, 
of its work involving iron and steel. 
His loss will be felt keenly by his asso- 
_ Ciates in committee work. Committee 
A-1 expresses its deep appreciation of 
his interest. 

Tentative Standards and Revisions Ac- 
cepted During the Past Year.—Subse- 
quent to the 1939 annual meeting, 
Committee A-1 presented to the Society 
through Committee E-10 on Standards 
the following recommendations, which 
were accepted! by Committee E-10 on 
August 24, 1939: 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee A-1 reported the following 
results of the letter ballot vote of a total of 176 ballots 
returned from a committee membership of 226: A 225 - 39 
T, affirmative 93, negative 1, ballots marked ‘“‘not voting”’ 
82; A 226 - 39 T, affirmative 84, negative 0, ballots marked 
“not voting”’ 92: A 227 - 39 T, ” affirmative 82, negative 0, 
ballots marked ‘‘not voting”’ 94; A 228 - 39 T, a rmative 
77, negative 2, ballots marked ‘not voting” 97; A 229 - 
oT, affirmative 80, negative 0, ballots marked ‘ ‘not 
voting” 96; A 230 - 39 T, affirmative 78, negative 0, 
ballots marked “not voting” 98; A 231 - 39 T, affirmative 
78, negative 1, ballots marked “‘not voting” 97; A 232 - 
39 T, affirmative 77, negative 1, ballots marked “not 
voting” 98; A 193 - 39 T, affirmative 88, negative 0, 
ballots marked “not voting’’ 88; A 206 - 39 T, affirmative 
86, negative 0, ballots ae "not voting” 90; A 217 - 
39 T, affirmative 101, negative 0, ballots marked “not 
voting” 75; A 178 - 37, affirmative 84, negative 0, ballots 
marked “not voting” 92; A 18 - 30, affirmative 115, 
negative 4, ballots marked “not voting” 575 A 114 - 33, 
afhrmative 75, negative 1, ballots marked ‘ ‘not voting”’ 
109. 
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Tentative Specifications for: 


Manganese-Vanadium Steel Plates for Boilers 
and Other Pressure Vessels (A 225 — 39 1), 

Electric-Resistance-Welded Steel Boiler and 
Superheater Tubes for High-Pressure Service 
(A 226 - 39 T), 

Hard-Drawn Steel Spring Wire (A 227 
39 T), 

Steel Music Spring Wire (A 228 - 39 T), 

Oil-Tempered Steel Spring Wire (A 229 
39 T), 

Carbon-Steel Valve Spring Quality Wire 
(A 230 - 39 T), 

Chromium-Vanadium Steel 
(A 231 - 39 T), and 

Chromium-Vanadium Steel Valve Spring 
Quality Wire (A 232 — 39 T). 


Spring Wire 


Revision of Tentative Specifications for: 


Alloy-Steel Bolting Materials for High- 
Temperature Service from 750 to 1100 F., 
Metal Temperatures (A 193 — 39 T), 

Seamless Carbon-Molybdenum Alloy-Steel 
Pipe for Service at Temperatures from 750 to 
1000 F. (A 206 — 39 T), and 

Alloy-Steel Castings Suitable for Fusion 
Welding for Service at Temperatures from 750 
to 1100 F. (A 217 — 39 T). 


Tentative Revision of Standard Specifications for: 


Electric-Resistance-Welded Steel and Open- 
Hearth Iron Boiler Tubes (A 178 — 37), and 

Carbon-Steel and Alloy-Steel Forgings (A 18 - 
30), in the form of new Tentative Specifications 
for Carbon-Steel Forgings (A 18 — 39 T). 


Withdrawal of Standard S pecifications for: 
Marine Boiler Steel Plates (A 114 — 33). 


The new and revised tentative speci- 
fications and the tentative revisions of 
the standard specifications appear in 
the 1939 Book of A.S.T.M. Standards, 
Part I. 

The committee also presented to the 
Society through Committee E-10, new 
Tentative Specifications for Iron and 
Steel Arc-Welding Electrodes (A 233 
40 T) and a recommendation to with- 
draw the Tentative Specifications for 
Iron and Steel Filler Metal (Arc-Weld- 
ing Electrodes and Gas-Welding Rods) 
(A 205 —- 37 T). These recommendations 
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were accepted? by Committee E-10 on 
May 1, 1940, and the new tentative 
specifications have been issued.” 

The six new specifications for spring 
wire came about as a result of a request 
from a large consumer using spring wire 
that the Steel Committee consider de- 
veloping standard requirements for this 
material. While Subcommittee IV, to 
which the problem was referred, realized 
the many problems in this field because 
of the wide variety of uses of spring wire 
and the different grades and classes of 
material, intensive study by one of its 
sections resulted in the conclusion to 
draft requirements not only for the so- 
called music spring material but for 
five other widely used types of wire. 

Discussion of the new specifications 
for carbon-steel forgings (A 18) appears 
in a later portion of this report under 
activities of subcommittees. 

Since there appeared to be justifi- 
cation for standardized requirements for 
electric-resistance-welded steel boiler and 
superheater tubes for high-pressure serv- 
ice, requirements were drafted by a 
special section of Subcommittee [IX on 
Steel Tubing and Pipe. 

Subcommittee XI on Boiler Steel has 
developed various specifications for so- 
called low alloy plates for use in the con- 
struction of boilers and other pressure 
vessels. A demand for specifications for 
manganese-vanadium steel plates re- 
sulted from rather widespread use of 
this material. 

Changes in the specifications for alloy- 
steel bolting materials for high-tempera- 
ture service (A 193) were for the purpose 
of facilitating the ordering of material 
and to indicate in the table of physical 


2 In submitting these recommendations to Committee 
E-10 on Standards, Committee A-1 reported results of the 
letter ballot vote as follows: Of a total membership of 
226, 156 members returned their ballots, of whom 106 
voted affirmatively, 4 negatively, and 46 members marked 
their ballots “not voting.” 

2@ 1940 Supplement to Book of A.S.T.M. Standards, 
Part I, p. 193. 


be considered as of stock status. 


porated. The changes in the seamless 


carbon-molybdenum alloy-steel pipe spe- 
cifications (A 206) incorporate addi- 
The 


tional requirements on grain size. 
changes in the requirements for electric- 


resistance-welded steel boiler tubes (A | 
178), when adopted, will bring the tables — 
of weights and permissible variations in — 


line with similar specifications using the 


decimal system instead of the old B.w.g. — 


setup. They will also provide decreased 
tolerances and other modifications. 

The withdrawal of the Standard Spe- 
cifications for Marine Boiler Steel Plates 
(A 114-33) was recommended because 
the specifications were obsolete in many 
respects. Their use was limited due to 
certain regulations of various naval and 
marine bureaus. 


The specifications for arc-welding 


electrodes (A233-40T), developed 


jointly through the Filler Metal Specifi- | 


cations Committee of the American 
Welding Society, J. H. Deppeler, chair- 


man, and the Steel Committee’s Sub- | 
committee XXI on Steel for Welding, 
N. L. Mochel, chairman, were in course 
of preparation for many months and the © 
subject of much correspondence and — 
resulted 
from the growing conviction that the — 
existing Specifications for Iron and Steel © 


numerous’ meetings. They 


Filler Metal (Arc-Welding Electrodes 


and Gas-Welding Rods) (A 205-37T) 
It was 
recommended that concurrent with the | 
approval of the new specifications, the — 


were obsolete in many respects. 


older ones be withdrawn, even though 


the former do not cover gas-welding © 


rods. It is the intent of the respective 
committees to develop additional specifi- 


cations for gas-welding rods and also to 
cover materials suitable for welding the _ 
higher alloyed steels. The new specifi- 


Also, 
specific heat treatments were incor- — 
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cations cover electrodes for the welding 
of carbon and low-alloy steels of weld- 
able quality. They are classified on 
the basis of usability and ultimate tensile 
strength of all-weld-metal specimens in 


the stress-relieved condition. There are 


some 14 different electrode classifica- 
tions. 

For convenience, the recommenda- 
tions of the committee affecting its 
standard and tentative specifications are 
listed below in summarized form with 
an analysis of the letter ballot vote given 
in Table I. Certain of these recom- 
mendations are referred to further in 
the discussion of subcommittee ac- 
tivities. 

I. NEw TENTATIVE STANDARDS 


The committee recommends that the 
following specifications be accepted for 
publication as tentative: 


Tentative Specifications 


Carbon-Steel Forgings for General Industrial 
Use, 

Carbon-Steel Forgings for Locomotives and 
Cars, 

Alloy-Steel Forgings for General Industrial 


Alloy-Steel Forgings for Locomotives and 
Cars, and 
Factory-Made Wrought Carbon-Steel and 


Carbon-Molybdenum-Steel Welding Fittings. 


* 


II. REVISIONS OF TENTATIVE 
STANDARDS 


The committee recommends that the 
following tentative specifications be re- 
vised, as indicated in the Appendix, and 
continued as tentative: = | 

AA 
Tentative Specifications for: 

Heat-Treated Carbon- and Alloy-Steel Track 
Bolts and Nuts (A 183 — 39 T), 

Seamless Carbon-Molybdenum Alloy-Steel 
Boiler and Superheater Tubes (A 209 — 38 T), 

Alloy-Steel Bolting Materials for High- 
Temperature Service from 750 to 1100 F., 
Metal Temperatures (A 193 — 39 T), 
~ These specifications were accepted as tentative by 
the Society and appear in the 1940 Supplement to Book of 


A.S.T.M. Standards, Part I, pp. 204, 210, 217, 223, 269, re- 
spectively. 


Carbon-Steel Castings Suitable for Fusion 
Welding for Service at Temperatures up to 
850 F. (A 216 — 39 T), 

Alloy-Steel Castings Suitable for Fusion 
Welding for Service at Temperatures from 750 
to 1100 F. (A 217 - 39 T), 

Seamless Alloy-Steel Pipe for Service at 
Temperatures from 750 to 1100 F (A 158 - 38 T), 
and 

Seamless Carbon-Molybdenum Alloy-Steel 
Pipe for Service at Temperatures from 750 to 
1000 F. (A 206 — 39 T). 


III. REVISIONS OF STANDARDS, IMME- 
DIATE ADOPTION 


The committee recommends for im- 
mediate adoption, revisions in the fol- 
lowing standards, and accordingly asks 
for the necessary aine-tenths vote at the 
annual meeting in order that these 
modifications may be referred to letter 
ballot of the Society for adoption as 
standard: 


Standard Specifications for: 


Steel Plates of Structural Quality for Forge 
Welding (A 78 — 39), 

Boiler Rivet Steel and Rivets (A 31 — 39), 

Welded and Seamless Steel Pipe (A 53 — 36), 

Black and Hot-Dipped Zinc-Coated (Gal- 
vanized) Welded and Seamless Steel Pipe for 
Ordinary Uses (A 120 —- 36), 

Seamless Cold-Drawn Low-Carbon Steel 
Heat-Exchanger and Condenser Tubes (A 179 - 
37), 

Seamless Cold-Drawn Alloy-Steel (4 to 6 
per cent Chromium) Heat-Exchanger and Con- 
denser Tubes (A 187 — 38), 

Seamless Cold-Drawn Intermediate Alloy- 
Steel Heat-Exchanger and Condenser Tubes 
(A 199 — 39), 

Seamless Low-Carbon Steel Still Tubes for 
Refinery Service (A 161 — 37), 

Seamless Alloy-Steel (4 to 6 per cent Chro- 
mium) Still Tubes for Refinery Service (A 188 - 
38), 

Seamless Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200 — 39), 

Commercial Quality Hot-Rolled Bar Steels 
(A 107 — 39), 

Forged or Rolled Steel Pipe Flanges for High- 
Temperature Service (A 105 — 39), 

Forged or Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
Service at Temperatures from 750 to 1100 F. 
(A 182 — 39), 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items 


Affirmative 


Negative 


I. New TENTATIVE STANDARDS 


Spec. for Carbon-Steel Forgings for General Industrial Use 

Spec. for Carbon-Steel Forgings for Locomotives and Cars 

Spec. for Alloy-Steel Forgings for General Industrial Use 

Spec. for Alloy-Steel Forgings for Locomotives and Cars 

Spec. for Factory-Made Wrought Carbon-Steel and Carbon-Molybdenum- 
Welding Fittings 


II. Revisions OF TENTATIVE STANDARDS 


Spec. for Heat-Treated Steel Track Bolts and Nuts (A 183 - 39 T) 

Spec. for Seamless Carbon-Molybdenum Alloy-Steel Boiler and Super- 
heater Tubes (A 209 —- 38 T 

Spec. for Alloy-Steel Bolting Materials for High- ~—_ erature Service from 

750 to 1100 F., Metal Temperatures (A 193 - 

Seer. for Carbon-Steel Castings Suitable for Fusion Welding for Service at 
Temperatures up to 850 F. (A 216 - 39 T) 

Spec. for Alloy-Steel Castings Suitable for re Welding for Service at 
Temperatures from 750 to 1100 F. (A 217 - 39 T) 

Spec. for Seamless Alloy-Steel Pipe for Service at Temperatures from 750 
to 1100 F. (A 158 - 38 T). 

Spec. for Seamless Carbon- Molybdenum sane. Steel Pipe for Service at 
Temperatures from 750 to 1000 F. (A 206 - 39 T) 


III. REvIsIOoNS OF STANDARDS, IMMEDIATE ADOPTION 

Spec. for Steel Plates of Structural Quality for ob 4 Welding (A 78 - 39).. 

Spec. for Boiler Rivet Steel and Rivets (A 31 - , 

Spec. for Welded and Seamless Steel Pipe (A 53 - 4 ASA No. B36.1- 1936). . 

Spec. for Black and Hot-Dipped Zinc-Coated (Galvanized) Welded and 
Seamless Steel Pipe for Ordinary Uses (A 120 - 36; ASA No. G8.7-1937).. 

Spec. for Seamless Cold-Drawn Low-Carbon Steel Heat- Exchanger and 
Condenser Tubes (A 179 - 37) 

Spec. for Seamless Cold-Drawn Alloy-Steel (4 to : - as cent Chromium) 
Heat-Exchanger and Condenser Tubes (A 187 - 

Spec. for Seamless Cold-Drawn Intermediate Alloy! Steel Heat-Exchanger 
and Condenser Tubes (A 199 — 39 

Spec. for Low-Carbon Steel Still Tubes for Refinery Service (A 161 - 37) 

Spec. for Seamless Alloy-Steel (4 to 6 per cent Chromium) Still Tubes for 
Refinery Service (A 188 - 38) 

Spec. for a. Intermediate Alloy-Steel Still Tubes for Refinery 
Service (A 200 - 39). 

Spec. for Commercial Quality ‘Hot-Rolled Bar Steels (A 107 - 39) 

Spec. for Steel Pipe Flanges for High-Temperature Service (A 105 — 39).. 

Spec. for Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and 
Valves and Parts for Temperatures from 750 to 1100 F. (A 182 - 39) . 

Spec. for Lap-Welded and Seamless Steel Pipe for High -Temperature 
Service (A 106 — 39; ASA No. B36.3-1939) ..... 

Spec. for Carbon- Steel Castings for Valves, Flanges, and Fittings for High- 
Temperature Service (A 95 - 36; ASA No. G17.1-1936 36) 

Spec. for Alloy-Steel Castings for Vv alves, Flanges, and Fittings for Service 
at Temperatures from 750 to 1100 F. (A 157 — 39) 

Spec. for Carbon and Alloy-Steel Nuts for Bolts for recat Pressure Pa 
High-Temperature Service to 1100 F. (A 194 - 39).. } 


IV. TENTATIVE REVISIONS OF STANDARDS 


Spec. for Structural Steel for Locomotives and Cars (A 113 - 39) 

Spec. for Steel Castings for Miscellaneous Industrial Uses (A 27 - 39) " 

Spec. for Carbon-Steel and Alloy-Steel Castings for Railroads a 87 - 36). ; 

Spec. for Alloy-Steel Castings for Structural Purposes (A 148 - 36) 

Spec. for Forged or Rolled See Flanges for General Service (A 181 - 37).. 

Spec. for Electric-Fusion-Welded Steel Pipe for High- leat and 
High-Pressure Service (A 155 - 36; ASA No. B36.11-1939) . 


V. ApopTion oF TENTATIVE STANDARD AS STANDARD 

Spec. for Lap-Welded and Seamless Steel and Lap-Welded Iron Boiler 
Tubes (A 83 - 38 T), as revised. 

Spec. for Seamless Boiler Tubes for ‘High- -Pressure Service (A 192 - 38 T) 

Spec. for Medium-Carbon Seamless Steel Boiler and Superheater Tubes 
(A 210 - 38 T), as revised 

Spec. for Spiral ‘Welded Steel or Iron Pipe (A 211 - 38 T), as revised... 

Spec. for Seamless Alloy-Steel Boiler and Superheater Tubes (A 213 - 39 T) 

Spec. for Electric-Resistance-Welded Stee] Heat-Exchanger and Con- 
denser Tubes (A 214 - 39 T), as revised .. 

Spec. for Electric-Resistance-Welded Steel Boiler and Superheater Tubes 
for High-Pressure Service (A 226 - 39 T), as revised 


VI. ADopTiIon AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 
Spec. for Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler 
Tubes (A 178 - 37) 
Spec. for Boiler Rivet Steel and Rivets 


VII. WiTHDRAWAL OF STANDARDS AND TENTATIVE STANDARDS 


Spec. for Carbon-Steel and Alloy-Steel Forgings (A 18 - 30) 

Spec. for Normalized-and-Tempered Alloy-Steel Forgings (A 63 - 39) 
Spec. for Normalized Alloy-Steel Forgings for Locomotives (A 133 - 33 T) 
Spec. for Carbon-Steel Forgings (A 18 - 39 T) 
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Lap-Welded and Seamless Steel Pipe for 
High-Temperature Service (A 106 — 39), 

Carbon-Steel Castings for Valves, Flanges, 
and Fittings for High-Temperature Service 
(A 95 — 36), 

Alloy-Steel Castings for Valves, Flanges, 
and Fittings for Service at Temperatures from 
750 to 1100 F. (A 157 — 39), and 

Carbon and Alloy-Steel Nuts for Bolts for 
High-Pressure and High-Temperature Service 
to 1100 F. (A 194 — 39), 


IV. TENTATIVE REVISIONS OF STANDARDS 


The committee recommends for publi- 
cation as tentative, revisions as given in 
the Appendix, of the following standards: 


Standard Specifications for: 


Structural Steel for Locomotives and Cars 
(A 113 — 39), 

Carbon-Steel Castings for 
Industrial Uses (A 27 — 39), 

Carbon-Steel and Alloy-Steel Castings for 
Railroads (A 87 — 36), 

Alloy-Steel Castings for Structural Purposes 
(A 148 - 36), 

Forged or Rolled Steel Pipe Flanges for 
General Service (A 181 - 37), and 

Electric-Fusion-Welded Steel Pipe for High- 
Temperature and High-Pressure Service (A 155 — 
36). 


Miscellaneous 


V. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends that the 
following tentative specifications be re- 
ferred to letter ballot of the Society for 
adoption as standard, with revisions as 


given in detail in the Appendix: ger 


Tentative Specifications for: 


Lap-Welded and Seamless Steel and Lap- 
Welded Iron Boiler Tubes (A 83 - 38 T), 
Seamless Steel Boiler Tubes for High- 
Pressure Service (A 192 — 38 T), 
Medium-Carbon Seamless Steel Boiler and 
Superheater Tubes (A 210 — 38 T), 
Spiral-Welded Steel or Iron Pipe (A 211 - 
38 T), 
Seamless Alloy-Steel Boiler and Superheater 
Tubes (A 213 - 39 T), 
Electric-Resistance-Welded Steel Heat-Ex- 
changer and Condenser Tubes (A 214 — 39 T), 
Electric-Resistance-Welded Steel Boiler and 
Superheater Tubes for High-Pressure Service 
(A 226 - 39 T), 


VI. ADOPTION as STANDARD oF TENT:- 
TIVE REVISIONS OF STANDARDS 


The committee recommends that the 
revisions published as tentative last 
year* in the Standard Specifications for 
Electric-Resistance-Welded Steel and 
Open-Hearth Iron Boiler Tubes (A 178 - 
37) and for Boiler Rivet Steel and Rivets 
(A 31 — 39) be approved for reference 
to letter ballot of the Society for adop- 
tion as standard. 


VII. WITHDRAWAL OF STANDARDS AND 
TENTATIVE STANDARDS 


The following specifications® are rec- 
ommended for wi‘hdrawal: 


Standard Specifications for: 
Carbon-Steel and Alloy-Steel Forgings (A 18 
30), and 
Normalized Quenched-and-Tempered Alloy- 
Steel Forgings (A 63 — 39). 


Tentative Specifications for: 


Normalized and Tempered Alloy-Steel Forg- 
ings for Locomotives (A 133 — 33 T), and 
Carbon-Steel Forgings (A 18 — 39 T). 


The recommendations appearing in 
this report have been referred to letter 
ballot of the committee which consists 
of 229 members, with the results shown 
in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Certain features of the committee’s 
work are discussed below, grouped in 
the order of the respective subcom- 
mittees responsible. 

Special Subcommittee on Weldability 
(N. L. Mochel, chairman).—Because 
several of the Steel Committee’s stand- 
ing subcommittees are concerned with 
questions involving the weldability of 
steel, in particular, the development of 
reliable and reasonably quick tests to 
determine this quality, it was decided 

41939 Book of A.S.T.M. Standards, Part I, pp. 1271 


and 1273. 
5 Tbid., pp. 184, 192, 821, 816. 
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ON STEEL 


to organize a special subcommittee to 
consider various problems in this field. 

An all-day organization meeting of the 
subcommittee was held in Philadelphia, 
Pa., on October 3, 1939, with the chair- 
man of Committee A-1 presiding. There 
were representatives present from four 
of the subcommittees chiefly concerned: 
namely, Subcommittees IT on Structural 
Steel for Bridges, Buildings, and Rolling 
Stock, VIII on Steel Castings, XI on 
Boiler Steel, and XXII on Valves, 
Fittings, Piping and Flanges for High- 
Temperature Service. 

After extended discussion of many 
involved factors, Mr. Mochel, who was 
chosen by the members to act as chair- 
man of the special subcommittee, was 
asked to appoint a section to prepare 
recommended practices for weld testing, 
including all such tests as may be useful 
to all subcommittees, to establish the 
suitability and uniformity of steels for 
welding. 


A meeting of this section, consisting, 
in addition to the chairman, of G. F. 
Jenks, A. B. Kinzel, H. J. French, 
L. P. McAllister, and F. H. Frankland, 
was held during the January meetings 


of Committee A-i1 in Philadelphia. 
Consideration of two general approaches, 
namely, the ‘“data-chart” approach, 
which would involve a very comprehen- 
sive data sheet with all known informa- 
tion plotted, and the “application” or 
“acceptance test” approach, resulted in 
general agreement that the latter was 
preferable from the standpoint of the 
Steel Committee’s problems. This 
would involve the development of what 
might be termed a ‘‘recommended prac- 
tice” in which would be described the 
several testing methods or practices that 
are believed desirable for the testing of 
material intended for welding. From 
this practice, a subcommittee could 
then draw as many tests as would be 
desirable for its particular materials and 


The section is giving further consid- 
eration to this question. Meanwhile, 
it is developing further information and 
has requested that members of Commit- 
tee A-1 who are concerned and have 
pertinent data should submit this to the 
chairman of the special subcommittee. 

Subcommittee I on Steel Rails and 
Accessories (E. F. Kenney, chairman).— 
The revision in Section 9 on strip test 
of the Tentative Specifications for Heat- 
Treated Carbon- and Alloy-Steel Track 
Bolts and Nuts (A 183 — 39 T), as given 
in the Appendix, is recommended to 
overcome confusion which has occurred 
in applying this test. It is required 
that threads shall not strip at a load 
calculated from the specified minimum 
yield point and the area at the root of 
the bolt thread. Confusion has resulted 
from the general unfamiliarity with 
theoretical dimensions of threads. The 
table recommended for inclusion and the 
explanatory material simplify the neces- 
sary calculations. 

These specifications require that the 
steel for the nuts is to conform to the 
resulfurized nut stock grades Nos. 26 
and 27 of the Standard Specifications for 
Commercial Quality Hot-Rolled Bar 
Steels (A 107 — 39). Because of a change 
recommended by Subcommittee XV on 
Commercial Bar Steels in the latter 
specifications, involving the removal of 
the minimum limit for carbon, Subcom- 
mittee I recommends the change as 
shown in the Appendix. It is desirable 
for railroad track work that a minimum 
carbon content be required. 

Subcommittee II on Structural Steel for 
Bridges, Buildings, and Rolling Stock 
(F. H. Frankland, chairman).—Since 
one of the changes proposed (see Ap- 
pendix) in the Standard Specifications 
for Steel Plates of Structural Quality 
for Forge Welding (A 78 — 39) is of an 
urgent nature; namely, that the sulfur 
limit be changed, it is recommended that 


assign necessary values for each. i the other modifications involving num- 
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ber of tests also be adopted immediately, 
and that the use of the material for 
fusion welding be clarified by editorial 
changes. The change in chemistry will 
bring the requirements in line with 
current commercial classifications. The 
changes in the section on number of tests 
will bring these requirements in line with 
similar structural steel specifications. 
A similar change in the number of tests 
required in the Standard Specifications 
for Structural Steel for Locomotives and 
Cars (A 113 — 39) is recommended as a 
tentative revision, with the probability 
that it will be adopted as standard when 
the next Book of Standards is issued. 

Subcommittee VI on Steel Forgings and 
Billets (W. M. Barr, chairman).—Fol- 
lowing extended discussion at its meeting 
in June, 1939, the subcommittee recom- 
mended that the proposed standard pub- 
lished in the preprinted Report of Com- 
mittee A-1 covering carbon-steel forgings 
be withdrawn because of a number of 


objections, particularly to the physical 
properties of the various classes of forg- 


ings. The subcommittee immediately 
developed changes in the specifications 
and the Society, through Committee 
E-10 on Standards on August 24, 1939, 
approved the revised Specifications for 
Carbon-Steel Forgings (A 18-39 T) as 
tentative; at the same time the exist- 
ing Standard Specifications for Carbon- 
Steel and Alloy-Steel Forgings (A 18 — 30) 
were continued. Realization that some 
of the confusion in connection with 
standardized purchase requirements for 
forging arose from the fact that all types 
were covered in the existing specifica- 
tions (that is, large and small, and those 
for railroads as well as those for general 
purposes) convinced the subcommittee 
that the logical procedure was to issue 
four specifications divided as to carbon 
steels and alloy steels, and also as to the 
application involved, whether for locomo- 
tives, cars and related uses, or for general 


industrial purposes, in which latter field 
larger forgings are frequently used. 

Four sections were appointed, headed 
by P. E. McKinney, E. J. Edwards, 
J. H. Higgins, and A. O. Schaefer. 
With the close cooperation of other 
members of Subcommittee VI serving 
on one or more sections, the four tenta- 
tive specifications listed earlier in this 
report have resulted. It is the intent 
of the subcommittee that with the 
approval of these as tentative all of the 
existing forging specifications will be 
withdrawn, except the Specifications for 
Carbon-Steel and Alloy-Steel Blooms, 
Billets, and Slabs for Forgings (A 17 
29), and for Carbon-Steel Axles for Cars 
and Tenders (A 21 — 36). 

With some minor changes and the 
inclusion of another grade in the car- 
bon-steel forgings for general indus- 
trial use, this grade having been 
suggested by those concerned with the 
structural fields—in particular, bridges— 
involving a minimum ultimate tensile 
strength of 66,000 psi. and a 33,000 
psi. minimum yield point, the subcom- 
mittee believes the question of satis- 
factory purchase specifications for both 
carbon steel and alloy steel forgings has 
been distinctly clarified. 

Subcommittee IX on Steel Tubing 
and Pipe (T. G. Stitt, chairman).—Of 
outstanding interest among the numerous 
recommendations of this subcommittee 
are the more rationalized standardized 
procedures for the hardness testing of 
boiler and superheater tubes and heat- 
exchanger and condenser tubes. The 
proposals, as detailed in the Appendix, 
whereby the Brinell hardness test will be 
made on the outside of tubes 0.200 in. 
and over in wall thickness, and the 
Rockwell test on the inside of a speci- 
men cut from tubes less than 0.200 in. 
and down to 0.065 in., inclusive, elimi- 
nate certain inconsistencies and are 
helpful to the producer in standardizing 
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procedures as well as providing other 
clarifications. With these changes in 
nine of the tube specifications are recom- 
mended modifications of the hardness 
number requirements of certain types of 
tubular materials, which bring these 
more nearly in line with possible com- 
mercial attainments. The recommenda- 
tions involving hardness testing pro- 
cedures and values were developed in a 
section headed by R. L. Wilson. 
Another accomplishment of the sub- 
committee during the year was the 
preparation of an article’ on hydro- 
static test pressures for pipe, including 
proposed standard specification require- 
ments. Based upon an extensive study 
by a section under the chairmanship of 
H. R. Redington, there were prepared 
three tables of test pressures, one a 
complete and detailed table listing 
bursting pressures for each size of pipe 
and wall thickness and including the 
values for test pressures recommended 
by this section, based on a study of the 
ability of the various producing mills 
to test with present equipment. This 
table was made comprehensive so that 
modifications of it can be applied to vari- 
ous specifications covering pipe sizes and 
walls and in the schedule number classi- 
fication. The second table provides 
proposed test pressures for certain 
grades grouped in five size ranges. This 
proposal will greatly reduce the number 
of test pressures and make for economy 
and simplification in testing various 
sizes and weights. A modification of it, 
as given in the Appendix, is recom- 
mended for inclusion in the Specifica- 
tions for Welded and Seamless Steel 
Pipe (A 53-36), and for Black and 
Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for 
Ordinary Uses (A 120-36). A third 
table with one test pressure for all 
grades for each group of sizes under a 


6 ASTM BuLtetin, May, 1940, No. 104, pp. 25-30. 
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given schedule number has been pre- 
pared for consideration in the revision 
of specifications for materials for use at 
high temperatures. 

While the section in charge, which i is 
comprised of leading producers and con- 
sumers of pipe and representatives from 
both Subcommittees [IX and XXII, pro- 
poses that the maximum pressure be 


listed at 2800 psi. based on present 


average mill testing pump capacities, 


a revision can be set up, as is being done 


with certain materials for high-tempera- 
ture service providing that by mutual 
agreement of producers and consumers 
and where the pump capacity is avail- 
able the pipe will be tested to one and 
one-half times the working pressure. 

The report of this section should make 
it possible eventually to remove the 
great many inconsistent requirements 
in the hydrostatic testing of pipe—a 
step desirable from the standpoint of 
standardized requirements and simpli- 
fication. 

To clarify requirements of the flat- 
tening test and remove a source of con- 
flicting opinion, there will be added to 
all specifications where the flattening 
test is required a statement that: 
Superficial ruptures as a result of minor 
surface imperfections shall not be cause 
for rejection. This change will be 
incorporated in all specifications being 
revised, and in cases where specifica- 
tions are not being changed but are being 
reprinted. While of a quasi-editorial 
nature, the committee has approved the 
recommendation by letter ballot and 
calls attention to the change by this 
reference. 

Since the normal rotary straightening 
operation has not been entirely sufficient 
to remove scale from certain alloy-steel 
still and boiler tubes so that they are 
suitable for inspection, changes, as given 
in the Appendix, are proposed in the fin- 
ishing clause of 


is 
t 
e 
| 
yr 
S, 
rs 
r- 2 
S- 
le 
0 
n- 
th 
as 
ng 
Of at 
us 
ee 
ed 
of 
it- 
he 
be 
in. 
he 
ci- 
in. 
ni- 
ure 


The change provides that pickling or 
shot-blasting can be used to remove scale 
and that in special manufacturing proc- 
esses requiring this procedure it is to be 
_ done at the purchaser’s expense. 

With so many different kinds of pipe 
and tubing used in many different indus- 
tries, and with widely different require- 
ments, the subcommittee’s work in- 
volves an extremely active field with 
new developments constantly arising, 
particularly in the field of alloy steels 
_ where new compositions are constantly 
r' coming into commercial importance, 
< and others are losing favor. Periodic 
modifications of chemical requirements 
of existing grades are necessary and the 
oP | addition of new alloys is frequently 
ad necessary. Several such changes are 
= being recommended in various pipe 
a and tubing specifications, as detailed in 
the Appendix. 

Another project completed during the 
year is a detailed editorial study of 
seven specifications covering boiler and 
superheater tubes, to eliminate certain 
inconsistencies and to bring them as 
closely as possible into the same edi- 
torial style. Most of these changes 
will be incorporated this year because 
of other substance revisions in the speci- 
fications. Once a group of specifica- 
cations are in close conformity editori- 
ally, the revision or development of new 
standards can be carried out with a mini- 
mum of editorial study. 

The committee will propose at this 
annual meeting the adoption as standard 
of existing tentative revisions in the 
Specifications for Electric-Resistance- 

. Welded Steel and Open-Hearth Iron 

: Boiler Tubes (A 178 — 37) and also the 
7 adoption as standard of six existing 
tentative specifications covering various 
types of carbon and alloy steel boiler 
and sup2rheater tubcs. 

A study of tolerances and _ finish 


requirements for upset ends of still tube 
has resulted in rather extensive change 
in portions of the specifications coverin 
still tubes (A 161, A 188, and A 200) 

The development of specification re 
quirements for alloy-steel boiler tubes 
carbon-molybdenum steel boiler tubes 
and alloy-steel heat-exchanger tubes, 
all fabricated by welding processes, 
continues. 

Subcommittee XI on Boiler Steel (E. J. 
Edwards, chairman).—The immediate 
adoption of the revisions of the Stand- 
ard Specifications for Boiler Rivet Steel 
and Rivets (A 31-39), providing re- 
quirements for bending properties, as 
given in the Appendix, and the adop- 
tion of the tentative revisions published 
last year, as mentioned earlier in this 
report, providing chemical requirements 
and tensile properties, all of these 
changes applying to the proposed new 
grade of high-strength boiler-rivet steel, 
will provide complete requirements. 
The specifications as revised will cover 
the existing grade with a tensile strength 
of 45,000 to 55,000 psi. and the newer 
grade with a tensile strength of 58,000 
to 68,000 psi. 

Subcommittee XIII on Methods of 
Physical Tests (L. H. Fry, chairman). 
—In cooperation with manufacturers of 
testing machines, a section of this sub- 
committee has had tests under way on 
the effect of speed on yield point values 
and the correlation of hydraulic and 
screw driven testing machines as related 
thereto. The results of the work are 
expected to be made available to the 
subcommittee shortly. 

During the year, the chairman has 
commented on various specifications and 
other matters involving the mechanics 
and terminology of testing, and has 
prepared a paper which is to be presented 
at this annual meeting on ‘‘Speed in Ten- 
sion Testing and Its Effect on Yield 
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Point Values.”’ This incorporates data 
developed by Subcommittee XIII and 
some made available recently from other 


sources. 

Subcommittee XV on Commercial Bar 
Steels (J. J. Shuman, chairman).—Since 
the major tonnage of bar steel used for 
the manufacture of nut stock appears 
to be in low-carbon grades arranged 
with varying compositions of carbon- 
manganese ratios so as to be suitable 
for manufacturing nuts by cold punch- 
ing, it was felt desirable to recommend 
the revision, as given in the Appendix, 
involving the chemical composition of 
the open-hearth resulfurized nut grade 
27 in the Standard Specifications for 
Commercial Quality Hot-Rolled Bar 
Steels (A 107 — 39). 

Subcommittee XXII on Valves, Fit- 
lings, Piping, and Flanges for High-Tem- 
perature Service (A. E. White, chair- 
man).—The preparation of the new 
tentative specifications for factory-made 
carbon steel and carbon molybdenum 
steel welding fittings for pressure piping, 
referred to earlier in this report, is re- 
lated directly to the work of Sectional 
Committee B16 on Pipe, Flanges, and 
Fittings, particularly, the work on weld- 
ing fittings. The sectional committee’s 
dimensional and related standards will 
embody reference to the new material 
specifications, as developed by the 
Section on Welding Fittings headed by 
J. J. Kanter. 

To make the marking clauses of the 
four specifications covering alloy steel 
and carbon steel castings for services at 
elevated temperatures (A 95, A 157, 
A 216, and A 217) consistent and in line 
with the system of marking established 
by the Manufacturers Standardization 
Society of the Valve and Fittings In- 


7 See p. 625. 
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dustry, changes, as detailed in the Ap- 
pendix, are recommended. The other 
changes in the Standard Specifications _ 
for Alloy-Steel Castings for Valves, 
Flanges, and Fittings for Service at — 
Temperatures from 750 to 1100F. or 
(A 157 — 39) are necessitated by a divi- | 
sion of the 4 to 6 per cent chromium-— 
molybdenum grade, C 5, into high- and — 
low-silicon grades, which brings these © 
compositions in line with recognized _ 
commercial practice and provides a setup 
much the same as in the alloy steel pipe & 
specifications (A 158). 

Increasing experience with the pro- 
duction and use of pipe covered by the 
Tentative Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel Pipe 
for Service at Temperatures from 750 to 
1000 F. (A 206-39T) has indicated 
quite a number of changes which are 
being proposed, as given in the Appen- 
dix. Changes in the other pipe specifica- 
tions in the charge of this subcommittee 
resulted from editorial study and are in- 
tended to clarify sections which have 
been misinterpreted, particularly the 
supplementary requirements. Changes 
in the hydrostatic test pressures are 
proposed as a result of extensive study 
by a special section, as mentioned under 
Subcommittee IX on Steel Pipe and 
Tubing. 

As might be expected in a field of 
engineering, where applications of ma- 
terials are quite special, with unusual 
problems entailed because of high oper- 
ating temperatures, changes in com- 
position of the material are not infre- 
quent. These changes result in 
numerous recommendations on the part 
of the subcommittee to keep its stand- 
ards in line with current trends. 


The election of officers for the ensuing 
term of two years resulted in the 
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REPORT OF COMMITTEE A-1 


Chairman, N. L. Mochel. yey’ 
Vice-Chairman, E. F. Kenney. 


Vice-Chairman, H. B. Oatley. 


Secretary, H. P. Bigler. deny 


This report has been submitted to 
letter ballot of the committee which 
consists of 229 members; 154 members 
returned their ballots, all of whom 
have voted affirmatively. 
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Respectfully submitted on behalf of 
committee, 


N. L. Mocuet, 
Chairman. 


R. J. PAINTER, 
Staff Assistant. 
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In this Appendix are given proposed 
revisions in specifications covering steel 
and steel products as referred to earlier 


PROPOSED REVISIONS IN STANDARDS FOR STEEL 


(6) The actual loads in pounds applied to — 


various standard sizes of bolts and grades of r 
steel in accordance with the requirements in 


Paragraph (a) are prescribed in Table I. 


TABLE I. 


Norte.—For the calculation of bolts of other diameters and threads per inch than those listed, the depth of the thread — 
can be calculated as 0.649519 divided by the number of threads per inch. 


Number of Minimum Requirements of Strip Test, in Pounds 
Nominal Bolt Size, | National : 
in. (Major Diameter) Standard R Jot af Threads) Carbon Steel Alloy Steel 
reads 

per Inch Grade 1, Yield Grade 2, Yield Yield Point 

Point 70 000 psi. | Point 80 000 psi. 85 000 psi. 
10 0.6201 21 140 24 160 25 670 
9 0.7307 29 350 33 540 35 640 
8 0.8376 38 570 44 080 46 840 
7 0.9394 | 48 520 55 450 58 910 
7 1.0644 62 290 71 180 75 630 


* Basic minor diameters are taken from Table No. 3, Coarse-Thread Series of the American Standard for Screw Threads : 


(ASA No.: B1.1-1935). 


in this report. These standards and 
tentative standards appear in their 


present form in the 1939 Book of — 


Part I. 
lad 


REVISIONS OF TENTATIVE STANDARDS 


A.S.T.M. Standards, 


Tentative Specifications for Heat- 
Treated Carbon- and Alloy-Steel 
Track Bolts and Nuts (A 183 — 39 T): 


Section 3—Change Paragraph to 
read as follows by the addition of the 
italicized words: 


(b) The steel for the nuts shall conform to 
the resulfurized nut stock grades Nos. 26 and 27 
of the Standard Specifications for Commercial 
Quality Hot-Rolled Bar Steels (A.S.T.M. 
Designation: A 107) of the American Society 
for Testing Materials, except that the minimum 
carbon percentage of Grade No. 27 shall be 0.15. 


Section 9.—Add a Paragraph (6) to 
this section to read as follows, relettering 


the present section as Paragraph (a): 1 See p. 83. 
71 
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Tentative Specifications for Seamless 

Carbon-Molybdenum Alloy-Steel 
, Boiler and Superheater Tubes (A 
209-38 T): 


— Section 4 (a).—In the tabulation of 
chemical requirements change the car- 
bon content of grade T1 from ‘0.10 
to 0.20 per cent” to read 
0.20 per cent.” 

Section 7.—Make the same change i in 
this section as recommended in Section 
6 of Specifications A 192 — 38 T,! desig- 
nating this new paragraph as (c). 


form to read the same as recommended 


“0.08 to 


4 


Section 9.—Change from its pended 


in Section 8 (a), (b), (d), and (e) of 
Specifications A 192 — 38 T,! adding a 
sentence to Paragraph (a) to read as 
follows: 


Hardness tests shall not be required on tubes 
less than 0.065 in. in wall thickness. 


a 
bi 
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and also changing the last sentence of 
Paragraph (0) to read as follows: 


Except as specified in Section 11 (c), Rock- 
well hardness tests shall be made on the inside 
of a specimen cut from the tube. 


Incorporate the present hardness test 
values in a new Paragraph (c) to read 
as follows: 


(c) The tubes shall have a hardness number 
not to exceed the following: 


Brinell Hard- Rockwell Hard- 


ness Number ness Numb 
in. and over in than 0.200 in. 
wall thick- in wall 
ness) thickness) 
Grade Tla........ 143 B79 


Section 12 (e)—-Make the same 
change in this section as recommended 
in Section 11 (6) of Specifications A 192 - 
38 T.! 


Tentative Specifications for Alloy-Steel 


Bolting Materials for High-Tempera- 


_ ture Service from 750 to 1100 F., 
_ Metal Temperatures (A 193 - 39 T): 


a able I.—Change the molybdenum 
content for grade B5 from “0.45 to 0.65 
per cent’’ to read “0.40 to 0.60 per cent”’; 
and change the silicon content for grades 
B7 and B7a from “0.15 to 0.25 per cent”’ 
to read “0.15 to 0.30 per cent.” 


Tentative Specifications for Carbon- 
Steel Castings Suitable for Fusion 
Welding for Service at Temperatures 
up to 850 F. (A 216- 39 T): 


Section 16.—Change from its present 
form to read as follows: 


16. Pressure containing castings, made in 
accordance with either of the grades of steel 
covered by these specifications, shall be marked 
for material identification with the A.S.T.M. 
symbols for the grade of steel, WCA and WCB, 
respectively; and the melt number or melt 
identfiication. Marking shall be in such 


position as not to injure the usefulness of the 
castings. 

Note.—These marking requirements are 
taken from the Standard Marking System for 
Valves, Fittings, Flanges, and Unions (No. 
SP-25-1936) of the Manufacturers Standardiza- 
tion Society of the Valve and Fittings Industry. 


Tentative Specifications for Alloy-Steel 
Castings Suitable for Fusion Welding 
for Service at Temperatures from 
750 to 1100F. (A217-39T): 


Section 17.—Change from its present 
form to read as follows: 


17. Pressure containing castings, made in 
accordance with any of the grades of steel 
covered by these specifications, shall be marked 
for material identification with the A.S.T.M. 
symbols for the grade of steel, WC1, WC1A, 
WC2, and WC4, respectively; and the melt 
number or melt identification. Marking shall 
be in such position as not to injure the usefulness 
of the castings. 

Note.—These marking requirements are 
taken from the Standard Marking System for 
Valves, Fittings, Flanges, and Unions (No. 
SP-25-1936) of the Manufacturers Standardiza- 
tion Society of the Valve and Fittings Industry. 


Tentative Specifications for Seamless 
Alloy-Steel Pipe for Service at Tem- 
peratures from 750 to 1100 F. (A 158 

38 T): 


Table I.—Change the chemical re- 
quirements for Grades P8a and P8b to 
read as prescribed in the accompanying 
Table II by the addition of the itali- 
cized figures and the omission of those 
in brackets. 

Section 8 (a).—Under the tabulation 
of tensile properties, change the foot- 
note to read as follows by the addition 
of the italicized figures and the omission 
of those in brackets: 


“For transverse tension tests the materia] 
shall conform to these minimum tensile require- 
ments except that the elongation in 2 in. shall 
be [25] 20 per cent for the ferritic steels and 40 
per cent for the austenitic steels. 
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Section 11—Change Paragraph (6) 
to read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


(b) The maximum hydrostatic test pressure 
shall not exceed 2500 psi. for nominal sizes 3 
in. and under [in outside diameter, 4500 psi. 
for sizes over 3 in. to but not including 83 in. 
in outside diameter, or 3000 psi. for all sizes 
8$ in. and over in outside diameter] or 2800 psi. 
for all nominal sizes over 3in. The hydrostatic 


A lot shall consist of all the pipe bought by a 
purchaser of the same size and wall thickness 
from any one melt. 


Section 19.—Add a new second sen- 
tence to Paragraph (qa) to read as follows: 


At the discretion of the inspector represent- 
ing the purchaser, finished pipe shall be subject 
to rejection if surface defects acceptable under 
Paragraph (c) are not scattered, but appear 
over a large area in excess of what is considered 
‘‘workmanlike finish.” 


TABLE II.—_CHEMICAL REQUIREMENTS. 


Identification Symbol ............. P 8a P 8b 


8 Nickel 


10 Nickel 
Stabilized with Titanium or Columbium 


Carbon, max., per cent............ 
Manganese, per cent............... 
Phosphorus, max., per cent........ 
Sulfur, max., per cent.............. 0.03 


0.07 
(0.20 to 0.76] 2.00 max. 
0.03 


0.75 max. 
[8.00 to 10.00] 8.00 to 11.00 
Chromium, per cent............... 17.00 to 20.00 
. 


0.08 
(0.70 max.] 3.00 max. 
0.03 


0.03 

[0.50 max.] 0.75 max. ni 
[9.00 to 12.00] 9.00 to 13.00 

[17.00 to 19.00] 17.00 to 20.00 


0.35 min. 
[8 times carbon content, min.] 0.70 min. 


pressure shall be maintained for not less than 
5 sec. 


At the end of this section, add a note to 
read as follows: 


Note.—When requested by the purchaser 
and so stated in the order, pipe in sizes 14 in. 
in nominal diameter and smaller shall be tested 
to one and one-half times the specified working 
pressure (where one and one-half times the 
specified working pressure exceeds 2800 psi.), 
provided the fiber stress corresponding to those 
test pressures does not exceed one half the 
minimum specified yield point of the material, 
as determined by the above formula. 


Section 12 (c).—Change the fifth sen- 
tence of this section to read as follows 
by the addition of the italicized word 
and the omission of the word in brackets: 


Specimens shall be flattened [hot] cold and 
heat treated in the same manner as the pipe, 
and shall be parallel between gage marks. 


Section 14.—-Add a footnote reference 
after the word “‘lot”’ to read as follows: 


Add a new first sentence to Paragraph © 
(6) to read as follows: 


All defects shall be explored for depth. 


Delete Paragraph (c), and substitute 
the following: 


(c) Machining or Grinding Defecis.—Sur- 
face defects shall be classified and treated as 
follows: 

(1) U-bottom mechanical marks and abra- 
sions* excepting pits, tears, scabs, slivers, etc., 
shall be acceptable without grinding or machin- 
ing, if not deeper than 12.5 per cent of the 
nominal wall thickness nor in any case deeper 
than 7; in. All V-bottom marks and abrasions 
and U-bottom marks and abrasions deeper than 
is in. but not deeper than 12.5 per cent of the 
nominal wall thickness shall be removed by 
grinding or machining to sound metal. Where 
the width of any mark or abrasion is less than 
the depth it shall be classified as V-bottomed. 

(2) Pipe showing inside or outside surface 
checks (fish scale) ¢ in. or less in depth need 


- Marks and abrasions are defined as cable marks, 
dinges, guide marks, roll marks, ball scratches, scores, 
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not have these defects removed. Such defects 
over ¢ in. but not more than ¥, in. in depth 
shall be removed by machining or grinding. 
Pipe on which these defects are more than 7; in. 
in depth shall be rejected, unless the manufac- 
turer can demonstrate to the purchaser that the 
defects are not injurious as defined in Para- 
graph (5). 

(3) Pipe showing scabs, seams, laps, tears, 
or slivers not deeper than 5 per cent of the nomi- 
nal wall thickness need not have these defects 
removed. If deeper than 5 per cent such defects 
shall be removed by machining or grinding 
providing they are not injurious as defined in 
Paragraph (0). 

(4) Pits which do not fall under the classifi- 
cation of injurious defects as defined in Para- 
graph (b) need not be removed. 

(5) When grinding or machining is permitted, 
the outside diameter at the point of grinding or 
machining may be reduced by the amount so 
removed. Should it be impracticable to secure a 
direct measurement, the wall thickness at the 
point of grinding, or at a defect not required 
to be removed, shall be determined by deducting 
the amount removed in grinding, or the depth 
of the defect, from the minimum measured wall 
thickness at the ends of the pipe, and the 
remainder shall not be less than 87.5 per cent 
of the nominal wall thickness. 

(6) Machining or grinding shall follow the 
inspection at the mill of the pipe as rolled and 
shall be followed by supplementary visual 
inspection. 


Section 21 (a).—At the end of this 
section add a sentence to read as follows: 


When specified in the order, the manufac- 
turer shall notify the purchaser in time so 
that he may have his inspector present to 
witness any part of the manufacture or tests 
that may be desired. 


Supplementary Requirements. — 
Change Section S1 to read as follows by 
the addition of the italicized word: 


$1. These requirements shall not be con- 
sidered unless specified in the order, in which 
event the following supplementary tests shall be 
made at the mill, unless otherwise agreed upon, 
at the purchaser’s expense and witnessed by 
his inspector before shipment of the material. 


Change Section $3 to read as follows 
by the addition of the italicized sentence: 


1 (APPENDIX) 


S3. Transverse tension tests may be made 
on specimens from both ends of each length of 
pipe. This requirement applies only to pipe 8 in. 
and over in nominal diameter. If the specimen 
from either end of any length fails to conform 
to the physical properties specified in Section 8, 
that length shall be rejected. 


Change Section S4 to read as follows by 
the addition of the italicized sentence: 


S4. The flattening test specified in Section 
10 may be made on specimens from both ends 
of each length of pipe. This requirement applies 
only to pipe over 2 in. in nominal diameter. 
Crop ends may be used. If the specimen from 
either end of any length fails to conform to the 
specified requirements, that length shall be 
rejected. 


In Section S5 delete the first sentence. 


Delete Section S7 from the specifica- 
tions. 


Tentative Specifications for Seamless 
Carbon-Molybdenum Alloy-Steel 
Pipe for Service at Temperatures from 
750 to 1000 F. (A 206-39 T): 


Section 2-—Change Paragraph (d) 
from its present form: namely, 


(d) The steel melting practice shall be such 
as will produce a ferritic grain size in the finished 
pipe corresponding to an A.S.T.M. grain size of 
3 to 6 under the following conditions: (1) in 
hot-finished pipe in the as-finished condition; 
(2) in bends and other fabricated parts which 
are heated and possibly water-quenched, if 
subsequently annealed at 1700 F. and slow- 
cooled in the furnace at a rate not to exceed 
50 F. perhour until below 1000F. 
to read as follows: ayes 

(d) The steel melting practice shall be such 
as will produce a structural grain size* corre- 
sponding to an A.S.T.M. grain size of from 
3 to 6 after the following specific heat treat- 
ment: heating to 1700 F. and holding approxi- 
mately 1 hr. per inch of wall thickness, but in 
no case less than 1 hr., and cooling in the furnace 
at a rate of not to exceed 50 deg. Fahr. per 
hour until below 1000 F. 


* The term “structural grain size” refers to the pre- 


dominant grain as evidenced by ferrite grains, Widmin- 
statten areas, or pearlite patches. 
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Add a new Paragraph (e) to read as 
follows: 


(e) Hot-finished pipe in the as-finished con- 
dition in nominal sizes 3 in. and over made to 
schedules 140 and 160 shall conform to the 
grain size requirements specified in Para- 
graph (d). 


Section 4.—Add a new Paragraph (6) 
to read as follows, lettering the present 
section as Paragraph (a): 


(b) Unless otherwise specified, cold-drawn 
pipe after finishing shall be given a process 
anneal by heating in a furnace from 1200 to 
1300 F. followed by cooling in the furnace at a 
rate not to exceed 50 deg. Fahr. per hour until 
below 1000 F. 


Section 8 (a).—Under the tabulation 
of tensile properties, change the footnote 
to read as follows by the addition of the 
italicized figures and the omission of 
those in brackets: 


“For transverse tension tests the material 
shall conform to these minimum tensile require- 
ments except that the elongation in 2 in. shall 
be [25] 20 per cent. 


Section 11—Make the same change 
in this section as recommended in Sec- 
tion 11 of Specifications A 158 — 38 T, 
above. 

Section 13 (c)—Make the same 
change in this section as recommended 
in Section 12 (c) of Specifications A 158 

38 T, above. 

Section 14 (a)—Make the same 
change in this section as recommended 
in Section 14 of Specifications A 158 - 
38 T, above. 

Section 20 (a), (b) and (c).—Make the 
same changes in this section as recom- 
mended above in Section 19 (a), (6) and 
(c) of Specifications A 158 - 38 T. 

Section 21.—Change to read as fol- 
lows by the addition of the italicized 
words and the omission of those in 
brackets: 


21. Each length of pipe manufactured in 
accordance with these specifications shall be 


legibly marked, either by stenciling, stamping, 
or rolling, with the manufacturer’s private 
identifying mark; [together] with the symbols 
A 206 [and the alloy symbol (A 206 - P 1)] 
and an additional symbol S if the pipe conforms 
to the supplementary requirements specified in 
Paragraphs S1 to [S8] S7; the length; the A.S.A. 
schedule number; and the heat number or manu- 
facturer’s number by which the heat can be identi- 
fied. Marking shall be within 12 in. of one 
end of each length. On pipe sizes 4 in. and 
larger, the weight shall be given. On small 
diameter pipe which is bundled, the above 
information may be legibly stamped on a metal 
tag securely attached to each bundle. When 
pipe marked as specified in this section is 
rejected, the designation A 206 shall be can- 
celed. All photomicrographs shall be properly 
identified as to heat number, and size and wall 
thickness of pipe from which the section was 
taken. 


Section 22 (a).—Change the last sen- 
tence to read as follows by the addition 
of the italicized words: 


When specified in the order, the manufacturer 
shall notify the purchaser in time so that he 
may have’his inspector present to witness any 
part of the manufacture or tests that may be 
desired. 


Supplementary Requirements—Make 
the same changes in Sections S1, $3, and 
S4 as recommended in these same sec- 
tions of Specifications A 158-38 T, 
above. 


Change Section S5 from its present 
form to read as follows: 


S5. The steel shall have a homogeneous 
structure as shown by the etching tests described 
in Paragraph S6. The grain size of the steel 
shall conform to the requirements of Section 
2 (d) except that in nominal pipe sizes 3 in. and 
over made to Schedules 140 and 160, each piece 
of pipe in the as-finished condition shall show a 
structural grain size corresponding to an 
A.S.T.M. grain size of 3 to 6 in accordance with 
the Tentative Classification of Austenite Grain 
Size in Steels (A.S.T.M. Designation: E 19) 
of the American Society for Testing Materials. 


Add a sentence at the end of Section 
S7 to read as follows: 


_ All photomicrographs required shall be 
properly identified as to heat number, size, 
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and wall thickness of pipe from which the section 
was taken. Photomicrographs shall further be 
identified to permit association of each photo- 
micrograph with the individual section of pipe 
it represents. 


Delete Section S8 from the speci- 
fications. 

Appendix I.—Change from its present 
form by deleting from the table the 
headings stating the pressure and tem- 
perature ratings. 

Appendix II —Immediately below the 
table add a note to read as follows: 


Note.—This table of sizes and schedule 
numbers is included in the specifications for 
information only. Many of the sizes listed are 
not available in stock at pipe mills since they 
are not in common use and are difficult to obtain 
in small quantities. Wherever possible, it is 
recommended that the purchaser use the sizes 
and schedule numbers indicated in Appendix I, 
which were originally selected by the Prime 
Movers Committee of the Edison Electric 
Institute, and may, through increasing demand, 
eventually become standards for stock sizes. 


REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


Standard Specifications for Steel Plates 
of Structural Quality for Forge Weld- 
ing (A 78-39): 


Title-—Change from its present form, 
to read as follows: 


Specifications for Low Tensile Strength 
Carbon-Steel Plates of Structural Quality for 
Welding. 


Section 1—Change from its present 
form, to read as follows: 


1. These specifications cover two grades 
of carbon-steel plates of structural quality 
suitable for welding. They are suitable for 
forge welding when the requirements specified 
in Section 3 (6) are applied. The purchaser 
shall specify when the material is to be used 
for forge welding. 

Note.—The term “forge welding” as used 
in these specifications refers to the process of 
heating with water gas, and hammering me- 
chanically, without the use of fluxes. 


Section 3.—In the table of chemical 
requirements in Paragraph (a) change 
the maximum sulfur content for grades 
A and B from ‘0.05 per cent” to read 
“0.055 per cent.” 

Change Paragraph (0) from its present 
form, to read as follows: 


(6) When these specifications are used for 
material that is to be forge welded, the quantity 
of either nickel or chromium shall not exceed 
0.05 per cent and, unless otherwise specified, 
the silicon shall not exceed 0.05 per cent. 


Delete the note following this Section. 


Section 10 (a).—Change from its 
present form to read as follows: 


(a) Two tension and two bend tests shall be 
made from each melt, unless the finished ma- 
terial from a melt is less than 30 tons when 
one tension test and one bend test will be suffi- 
cient. If, however, material from one melt 
differs $ in. or more in thickness, one tension 
test and one bend test shall be made from both 
the thickest and the thinnest material rolled 
regardless of the weight represented. 


Standard Specifications for Boiler Rivet 
Steel and Rivets (A 31-39): 


Section 7.—Change from its present 
form to read as follows: 


7. (a) Cold-Bend Tests.—The test specimen for 
grade A steel shall stand being bent cold through 
180 deg. flat on itself without cracking on the 
outside of the bent portion. 

(b) The test specimen for grade B steel 
shall stand being bent cold through 180 deg. 
without cracking on the outside of the bent 
portion, as follows: For material ? in. and under 
in diameter, around a pin the diameter of which 
is equal to one-half the diameter of the speci- 
men; for material over ? in. in diameter, around 
a pin the diameter of which is equal to the 
diameter of the specimen. 

(c) Quench-Bend Tests.—The test specimen 
for grade A steel when heated to a light cherry 
red as seen in the dark (not less than 1200 F. 
(649 C.)), and quenched at once in water the 
temperature of which is between 80 and 90 F. 
(27 and 32 C.), shall stand being bent through 
180 deg. flat on itself without cracking on the 
outside of the bent portion. 

(d) The test specimen for grade B steel, 
when similarly heated and quenched, shall stand 
being bent cold through 180 deg. without crack- 
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ing on the outside of the bent portion, as follows: 
For material ? in. and under in diameter, around 
a pin the diameter of which is equal to the 
diameter of the specimen; for material over in. 
in diameter, around a pin the diameter of 
which is equal to one and one-half times the 
diameter of the specimen. 


Section 14.—Change from its present 
form to read as follows: 


14. (a) The rivet shank of grade A steel shall 
stand being bent cold through 180 deg. flat 
on itself, as shown in Fig. 1, without cracking 
on the outside of the bent portion. 

(b) The rivet shank of grade B steel shall 
stand being bent cold through 180 deg. without 
cracking on the outside of the bent portion, as 
follows: For material $ in. and under in diam- 


STANDARDS FOR STEEL 


¥ 


Table I—Change the minimum ten- 
sile strength requirement for grade B 
from ‘62,000 psi.” to read “60,000 psi.” 
Change the yield point requirement for 
grade A pipe from “‘26,500 psi.” to read 
“30,000 psi.” 

New Section.—Add a new Section 17 
covering Marking to read as follows, 
renumbering the remaining sections ac- 
cordingly: 


17. Each length of pipe shall be legibly 
marked by rolling, stamping, or stenciling to 
show the name or brand of the manufacturer; 
the type of pipe (that is, lap-welded, seamless A, 
or seamless B); XS for extra strong, XXS for 
double extra strong; ASTM A 53; the length, 
and the hydrostatic test pressure in pounds per 


TABLE III.—HYDROSTATIC PRESSURES FOR WELDED AND SEAMLESS STEEL PIPE.“ 
(Pressures Expressed in Pounds per Square Inch) 


“Standard Weight” Pipe 


“Extra Strong” Pipe 


“Double Extra Strong” Pipe 


Nominal Pipe Size, 
Grade B 


Butt- 
welded 


Butt- 


welded Grade B 


¥ to 1, incl 
1% to 3, incl...... 
3 to 6, incl........ 


850 
1100 


1000 
1200 


P = pressure in pounds per square inch; S = fiber stress, 12,000 psi.; ¢ = thickness of wall in inches; and D = out- 


side diameter in inches. 
Lap-welded pipe is not made below 14-in. size. 


= 


© Seamless pipe in these small sizes will probably need to be cold drawn. jak, MauaABT tht» bie 


eter, around a pin the diameter of which is equal 
to the diameter of the shank; for material over 
i in. in diameter, around a pin the diameter of 
which is equal to one and one-half times the 
diameter of the shank. 


Standard Specifications for Welded and 
Seamless Steel Pipe (A 53 — 36): 


Section 1 (a).—Change the last sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


When seamless pipe is ordered for close coil- 
ing, cold bending, or for forge welding [the low- 
carbon] grade A seamless should be specified 
rather than [the medium-carbon] grade B 
seamless. 


This necessitates related editorial 
changes in Table I and Section 7. 


square inch; except that for small diameter pipe 
which is bundled, this information may be 
marked on a tag securely attached to each 
bundle. 

Table IJ.—Change from its present 
form to read as prescribed in the accom- 
panying Table III. 


Standard Specifications for Black and 
Hot-Dipped Zinc-Coated (Gal- 
vanized) Welded and Seamless Steel 
Pipe for Ordinary Uses (A 120-36): 


New Section—Add a new Section 15 
covering Marking to read as follows, 
renumbering the remaining sections ac- 
cordingly: 


15. Each length of pipe shall be legibly marked 


by rolling, stamping, or stenciling to show the 


welde 
| 
d Grade A Grade A Grade A | 2 
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name or brand of the manufacturer, the length, 
and the hydrostatic test pressure in pounds per 
square inch; except that for small diameter 
pipe which is bundled, this information 
marked may be marked on a tag securely 
attached to each bundle. 


Table I.—Make the same change in 
this table as recommended in Table II 
of Specifications A 53-36, above, add- 
ing the phrase “Electric-welded”’ after 
““Lap-welded” in the three subheadings 
in the table. 


Standard Specifications for Seamless 
Cold-Drawn Low-Carbon Steel Heat- 
me Exchanger and Condenser Tubes (A 
479 37): 


Section 6.—Make the same change in 
this section as recommended in Section 
6 of Specifications A 192-38 T. 

Section 8.—Make the same change in 
this section as recommended in Section 
8 of Specifications A 214-39 

Section 11 (b).—Make the same 
change in this section as recommended 
in Section 11 (6) of Specifications A 214 
- 39 


Standard Specifications for Seamless 
Cold-Drawn Alloy-Steel (4 to 6 

f per cent Chromium) Heat-Exchanger 

and Condenser Tubes (A 187 — 38): 


Section 7.—Make the same change 
in this section as recommended in Sec- 
tion 6 of Specifications A 192 — 38 T.! 

Section 9.—Change from its present 
form to read as follows: 


9. (a) Except as specified in Section 11 (c), 
the Rockwell hardness test shall be made on the 
inside of a specimen cut from the tube, but 
hardness tests shall not be required on tubes 
less than 0.065 in. in wall thickness. 

(b) The tubes shall have a Rockwell hardness 
number not to exceed B 85. 

(c) In making the Rockwell hardness test, 
reference should be made to the Standard 
Method of Test for Rockwell Hardness of 
Metallic Materials (A.S.T.M. Designation: 


See p. 85. 


a. 
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E18) of the American Society for Testing 
Materials. 


Standard Specifications for Seamless 
Cold-Drawn Intermediate Alloy-Steel 
Heat-Exchanger and Condenser 
Tubes (A 199- 39): 


Table I.—Add the same requirements 
for a new chromium-molybdenum com- 
position, designated grade 6, as recom- 
mended in Table I of Specifications 
A 213-39 

Section 7.—Make the same change in 
this section as recommended in Section 
6 of Specifications A 192 — 38 T." 

Section 9.—Make the same change in 
this section as recommended in Section 
9 of Specifications A 187 — 38, above. 


Standard Specifications for Seamless 
Low-Carbon Steel Still Tubes for 
Refinery Service (A 161 — 37): 


Title—Change the title of these 
specifications by the addition of the 
words ‘‘and Carbon-Molybdenum” after 
the words ‘‘Low-Carbon.” 

Section 1 (a).—Change to read as 
follows by the addition of the italicized 
words and the omission of the word in 
brackets: 


1. (a) These specifications cover seamless, 
hot-rolled and cold-drawn, low-carbon and 
carbon-molybdenum steel still tubes [(Note)] 
2 in. and over in outside diameter and thicker 
than No. 5 B.w.g. in minimum wall or } in. 
in average wall, for use in carrying oil at ele- 
vated temperatures and pressures in various 
types of oil stills, in which the tubes may be 
subjected to a furnace temperature higher than 
that of the contained fluid. 


Note.—Delete the note in Section 1 
from the specifications. 


Section 4 (a).—In the table of chemi- 
cal composition add the following re- 
quirements for a new grade of carbon- 
molybdenum steel still tubes, labeling 
the present grade “Low-Carbon:” 


3 See p. 84. 
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Carbon, per cent 
Manganese, per cent 
Phosphorus, max., per cent 
Sulfur, max., per cent 
Silicon, per cent 
Molybdenum, per cent 


0.10 to 0.20 
0.30 to 0.60 
0.04 


0. 10 to 0. 50 
0.45 to 0.65 


Section 6 (a).—In the tabulation of 
tensile properties add the following re- 
quirements for the new grade of carbon- 
molybdenum steel still tubes, labeling 
the present grade ‘‘Low-Carbon:” 


Tensile strength, min., psi.... 55 000 


Yield point, min., psi 
Elongation in 2 in., min., per 
30 


Section 7.—At the end of this section 
add a new Paragraph (c) to read as 
follows: 

(c) Superficial ruptures as a result of minor 


surface imperfections shall not be cause for 
rejection. 


Section 9 (a).—Change the tabulation 
from its present form to read as follows 
by the addition of the italicized words 


and figures: 
Hot-rolled tubes.... 137 
Cold-drawn tubes... 125 


Table IIT.—Change the phrase “length 
of upset, in.” to read “‘specified length of 
upset, in.” with a footnote indicating 
that “specified length of full upset is 
minimum.” 

Change the note under the title of 
Table III to read: 


Note.—For tubes that are upset at the ends, 
a “go” plug gage with a diameter determined 
by the appropriate formula given in the table 
shall enter each upset end the full length of 
the upset. A “no-go” plug gage using the same 
formula without the clearance allowance shall 
not enter the tube. 


Hardness Number 


Carbon- 
Molybdenum 


150 
137 


Section 14.—Change Paragraph (d) to 
read as follows by the addition of the 
italicized words: 

(d) Permissible variations in outside diameter 


for hot-rolled tubes shall apply to the upset 
ends of both hot-rolled and cold-drawn tubes. 


PROPOSED REVISIONS IN 


STANDARDS FOR STEEL 


Add new Paragraphs (e) and (f) to © 
read as follows: 


(e) For upsets that increase the wall thickness 
more than 7g in., the length at any point shall 
not be more than 50 per cent over that specified, 
ora minimum of 1}in. For upsets that increase 
the wall thickness 7 in. or less, the length at 
any point shall not be more than 23 in. over that 
specified. 

(f) For upset ends of tubes the wall thickness 
measured within ? in. from the finished end 
shall not exceed the actual average wall of that 
section by more than plus or minus 10 per cent. | 
The actual average wall is defined as the average % 
of the thickest and thinnest wall in that section. 

' Section 15 (a).—Change the third 

sentence from its present form to read 

as follows by the addition of the italicized 


words: 


Minor defects may be removed by grinding, 
provided that a smooth curved surface is cree ll 
tained; that the wall thickness is not decreased 
to less than that permitted in Section 15, and 
such grinding shall not be limited by the permissible 
variations in outside diameter prescribed in Table 
I, except that for a distance 6 in. from each end of a 
tube the permissible variations in outside diameter 
shall be maintained. 


Alloy-Steel (4 to 6 per cent Chro- 
mium) Still Tubes for Refinery Serv- 
ice (A 188 — 38): 


Section 7.—Make the same change in 
this section as that recommended in 
Section 7 of Specifications A 161 — 37, 
above. 

Table III—Make the same changes 
in this table as recommended above in 
Specifications A 161 — 37. 

Section 15.—Make the same change 
in Paragraph (d) as recommended above 
in Section 14 (d) of Specifications A 161 —_ 
37. Add new Paragraphs (e) and (f) 
as recommended above in Specifications 
A 161 - 37. 

Section 16—Make the same change 
in Paragraph (a) of this section as recom- 
mended above in Section 15 (a) of 
Specifications A 161 — 37. 


Standard Specifications for 
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Change Paragraph (b) from its present 
form to read as follows: 


(b) Tubes shall be free from scale, suitable 
for inspection. 


Standard Specifications for Seamless 
Intermediate Alloy-Steel Still Tubes 
for Refinery Service (A 200-39): 


Table I.—Add the same requirements 
. for a new chromium-molybdenum com- 
position, designated Grade 6, as recom- 
mended in Table I of Specifications 
A 213-39 T3 

Section 7.—Make the same change in 
this section as recommended in Section 
7 of Specifications A 161 — 37, above. 

Table III.—Make the same changes 
in this table as recommended above in 
Specifications A 161 — 37. 

Section 15.—Make the same change 
in Paragraph (d) as recommended above 
in Section 14 (d) of Specifications A 161 — 
37. Add new Paragraphs (e) and (f) 
as recommended above in Specifications 
A 161 - 37. 

Section 16.—Make the same change 
in Paragraph (a) of this section as recom- 
mended above in Section 15 (a) of 
Specifications A 161 — 37. 

_ Make the same change in Paragraph 

(b) of this section as recommended in 
Section 16 (6) of Specifications A 188 - 
38, above. 


Standard Specifications for Commercial 
Quality Hot-Rolled Bar Steels (A 107 
— 39): 


Table I.—In grade 27, open-hearth 
resulfurized nut stock, change the carbon 
range from “0.15 to 0.25 per cent” to 
read “0.25 max. per cent” and the 
manganese range from “0.50 to 1.00 per 
cent” to read ‘0.40 to 0.90 per cent.” 


Spec. for Forged or Rolled Steel Pipe 
Flanges for High-Temperature Serv- 
ice (A 105 — 39): 


Tiile—Change from its present form 
to read as follows: 


Specifications for Forged or Rolled Steel Pipe 
Flanges, Forged Fittings, and Valves and Parts 
for High-Temperature Service. 


Throughout the specifications, change 
the word “class” to read “‘grade.” 

Section 1 (a).—Change from its present 
form to read as follows: 


(a) These specifications cover forged or rolled 
steel pipe flanges, forged fittings and valves and 
parts for high-temperature service (Note), 
The term “forgings” used in these specifications 
shall be understood to cover one or all of the 
products mentioned above, either forged or 


rolled. 


Section 6—Under the table of chemi- 
cal requirements, change the footnote 
from its present form to read as follows: 

*When flanges will be subject to fusion 
welding, the carbon content shall not exceed 
0.35 per cent. When the carbon is restricted 
to 0.35 per cent max., it may be necessary to 
add silicon to the composition for grade II and 
for the heavier thicknesses of grade I flanges 
in order to meet the required tensile properties. 
The silicon content shall not exceed 0.30 per cent. 


Section 10 (c).—Change from its 
present form to read as follows: 


(c) For the purpose of making tension tests, 
the forging manufacturer shall supply suitable 
test specimens from the flange or, at his option, 
furnish test blanks prepared from the billets 
or forging bar entering into the finished product, 
provided such test blank has undergone approxi- 
mately the same working and heat treatment as 
the finished product. 


Standard Specifications for Forged or 
Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts 
for Service at Temperatures from 750 
to 1100 F. (A 182 — 39): 


Table I—Change the carbon range 
for the 4-6 per cent chromium material 
from ‘0.15 to 0.25 per cent” to read 
“0.25 max. per cent.” 
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PROPOSED REVISIONS IN STANDARDS FOR STEEL 


Standard Specifications for Lap-Welded 
and Seamless Steel Pipe for High- 
Temperature Service (A 106-39): 


Table I.—Change from its present 
form to read as prescribed in the accom- 
panying Table IV. 

The deletion of grade C pipe from 
these specifications necessitates related 
editorial changes in the various sections 
referring to grade C pipe: namely, 
Sections 6, 7 (c), 17, and Note 2. 


TABLE IV.—CHEMICAL REQUIREMENTS. 


Seamless 
Welded 
ae Grade B 
Hearth | Grade A | Silicon- 
Killed 


Carbon, max., per 
cent eA 0 25 | 0.35 
Manganese, 


cent 0.30 to 0.60'0.35 to 1.00 
Phosphorus, max. 
0.04 0.04 
0.06 0.06 


0.10 


Table II—Change the minimum ten- 
sile strength requirement for grade B 
from ‘62,000 psi.” to read ‘60,000 psi.” 

Change the footnote to read as fol- 
lows by the addition of the italicized 
words and figures and the omission of 
those in brackets: 


*For transverse tension tests the material 
shall conform to these minimum tensile require- 
ments except that the elongation in 2 in. shall be 
[30] 25 per cent for grade A, and [20] 15 per 
cent for grade B. [and 15 per cent for grade C] 
seamless material. 


Section 8.—Make the same changes in 
this section as recommended in Section 
11 of Specifications A 158 — 38 T, above. 

Section 9 (c).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


(c) The transverse tension test may be made 
on seamless pipe 8 in. and over in nominal 
diameter. Specimens may be taken from a 
ring cut from the pipe or from sections resulting 
from the flattening tests [subsequently nor- 


marked for identification 


malized]. The specimen shall consist of a 
strip cut transversely from the pipe; the width 
of the specimen shall be 1} in. and its gage 
length 2 in. When the pipe wall thickness 
exceeds # in., the A.S.T.M. standard 2-in. 
gage length tension test specimen shown in 
Fig. 1 shall be used. Specimens cut from the 
ring section shall be flattened cold {may be flat- 
tened hot] and shall be parallel between gage 
marks. At the option of the manufacturer, 
the transverse tension test specimen may be 
machined off on either surface provided not 
over 15 per cent of the nominal thickness is 
removed from either side. 


Section 11 (a).—Add a footnote refer- 
ence after the word “lot” to read the 
same as recommended in Section 14 of 
Specifications A 158-38 T, above. 


Section 16.—Make the same changes 
in Section 16 (a), (b), and (c) as recom- 
mended above in Section 19 (a), (0), 
and (c) of Specifications A 158 — 38 T. 


Supplementary Requirements. — 
Change the first sentence in Section S1 to 
read as follows by the addition of the 
italicized words and the omission of the 
word in brackets: 

These requirements shall not be considered 
unless specified in the order, in which event 
the following supplementary |all| tests shall be 
made at the mill at the purchaser’s expense and 
witnessed by his inspector before shipment of 
the material. 

Make the same change in Section S5 
as recommended above in Section S5 
of Specifications A 158 — 38 T. 


Delete Section S7 from the specifica- 
tions. 


Standard Specifications for Carbon- 
Steel Castings for Valves, Flanges, 
and Fittings for High-Temperature 
Service (A 95-36): 


New Section—Add a new Section 16 
covering Marking to read as follows, 
renumbering the remaining sections ac- 
cordingly: 

16. Pressure containing castings, made in 


accordance with these specifications, shall be 
with the melt number — 
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or melt identification. Marking shall be in such 
position as not to injure the usefulness of the 
castings. 

Nore.—These marking requirements are 
taken from the Standard Marking System for 
Valves, Fittings, Flanges, and Unions (No. 
SP-25-1936) of the Manufacturers Standardiza- 
tion Society of the Valve and Fittings Industry. 

Standard Specifications for Alloy-Steel 
os Castings for Valves, Flanges, and 
i Fittings for Service at Temperatures 
from 750 to 1100 F. (A 157 39): 

Section 1 (b).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


[Nine] Ten grades are covered, including 
[seven] eight ferritic steels and two austenitic 
steels designated C 1, C 3A, etc. 


Section 2.—Change the first sentence 
to read as follows by the addition of the 
italicized letters and figures: 


Steels C1, C3A, C3B, C4, C5A, C5B, 
and C11 shall be made by the open-hearth, 
electric-furnace, or crucible process. 


Section 3 (c).—Add the two new grades 
C 5A and C 5B to this section. 

Table I—Add the two new grades 
C 5A and C 5B, with requirements con- 
forming exactly to the existing require- 
ments for grade C5, except that the 
maximum silicon content of C 5A will 
be “0.50 per cent” and for C 5B, 
“0.75 to 1.50 per cent.” 

Table IT.—The physical requirements 
for grades C 5A and C 5B will be the 
same as those given for grade C 5. 

Section 17—Change from its present 
form to read as follows: 


17. (a) Pressure containing castings, made 
in accordance with any of the grades of steel 
covered by these specifications, shall be marked 
for material identification with the A.S.T.M. 
symbols for the grade of steel, C1, C3a, etc., 
respectively and the melt number or melt 
identification. Marking shall be in such posi- 
- tion as not to injure the usefulness of the 


castings 


Note.—These marking requirements are 
taken from the Standard Marking System for 
Valves, Fittings, Flanges, and Unions (No. 
SP-25-1936) of the Manufacturers Standardiza- 
tion Society of the Valve and Fittings Industry. 

(b) Pressure containing castings, made of 
alloy steel grades not covered by these specifica- 
tions, shall be marked as required in Paragraph 
(a) except that identifying symbols for the 
grade of steel shall be used which will not con- 
flict with any A.S.T.M. symbols for steel 
identification. 


Spec. for Carbon and Alloy-Steel Nuts 
for Bolts for High-Pressure and High- 
Temperature Service (A 194 — 39): 


Table I.—Change the requirement for 
carbon for class 3 from ‘‘0.20 per cent, 
min.” to read ‘0.35 per cent, max.” 
and for molybdenum from ‘‘0.45 to 0.65 
per cent”’ to read “‘0.40 to 0.60 per cent.” 

Section 10.—Change the last sentence 
to read as follows by the addition of the 
italicized words: 


The threads in the nut shall not strip when 
subjected to a stress equal to 130,000 psi. for 
class 1 and 150,000 psi. for classes 2, 2H, 3 and 4 
figured from the mean diameter of the bolt. 


TENTATIVE REVISIONS OF STANDARDS 


Standard Specifications for Structural 
Steel for Locomotives and Cars (A 113 
— 39): 


Section 11 (a)—Make the same 
change in this section as recommended 
in Section 10 (a) of Specifications A 78 
— 39, above. 


Standard Specifications for Carbon- 
Steel Castings for Miscellaneous In- 
dustrial Uses (A 27 — 39): 


Section 8 (c).—Change from its present 
form to read as follows: 


(c) The yield point shall be determined by the 
drop of the beam or halt in the gage of the test- 
ing machine, or by the use of dividers, or by an 
extensometer, at a crosshead speed not to exceed 
; in. per min. Where a definite yield point is 
not exhibited, the yield strength corresponding 
to a limiting permanent offset of 0.2 per cent of 
the gage length of the specimen shall be used 
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instead. The “offset method” of determining 
yield strength as described in the Tentative 
Methods of Tension Testing of Metallic Ma- 
terials (A.S.T.M. Designation: E 8) of the 
American Society for Testing Materials shall be 
followed. The tensile strength shall be deter- 
mined at a speed of head not to exceed 13 in. 
per min. 


Standard Specifications for Carbon- 
Steel and Alloy-Steel Castings for 
Railroads (A 87 — 36): 


Section 8 (c).—Make the same change 
in this section as recommended in Section 
8 (c) of Specifications A 27 — 39, above. 


Standard Specifications for Alloy-Steel 
Castings for Structural Purposes 
(A 148 — 36): 


Section 8 (b).—Make the same change 
in this section as recommended in 
Section 8 (c) of Specifications A 27 — 39, 
above. 


Standard Specifications for Forged or 
Rolled Steel Pipe Flanges for General 
Service (A 181 — 37): 


Section 5.—In the table of chemical 
composition change the manganese con- 
tent for classes I and II from “0.40 to 
0.80 per cent” to read “0.90 max. per 
cent.” 


Standard Specifications for Electric- 
Fusion-Welded Steel Pipe for High- 
Temperature and High-Pressure 
Service (A 155 — 36): 


Section 2—Change to read as follows 
by the addition of the italicized words: 


2. The steel shall be a killed steel made by 
either or both of the following processes: open- 
hearth or electric-furnace. 


Table I.—Add a requirement for 
minimum silicon content for grades A, 
B, and C, to read “0.10 per cent.” 

Section 10 (c).—Add a new first sen- 
tence to this section to read as follows: 


If the percentage of elongation of any tension 
test specimen is less than that prescribed in 


STANDARDS FOR STEEL 


Table II and any part of the fracture is outside 
the middle third of the gage length, as indicated 
by scribe scratches marked on the specimen 
before testing, a retest shall be allowed. 


Section 11 (a).—Add a footnote refer- 
ence after the word “lot” to read the 
same as recommended in Section 14 of 
Specifications A 158-38 T, above. 

Section 19.—Change the first sentence 
to read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


Each length of pipe which develops in- 
jurious defects during shop working or application 
operations will [Material which shows injurious 
defects, subsequent to acceptance at the manu- 
facturer’s works or within one year after ship- 
ment from the manufacturer’s works, may] 
be rejected, and the manufacturer shall be 
notified. 


Supplementary Requirements.—De- 
lete Section S6 from the specifications. 

Explanatory Notes—Delete Note 2 
from the specifications. 


ADOPTION OF TENTATIVE STANDARD AS 
STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
with the revisions as indicated below: 


Tentative Specifications for Lap-Welded 
and Seamless Steel and Lap-Welded 
Iron Boiler Tubes (A 83 —- 38 T): 


Section 5.—At the end of this section 
add Paragraph (c) to read as follows: 


(c) Superficial ruptures as a result of minor 
surface imperfections shall not be cause for 
rejection. 


Tentative Specifications for Seamless 
Steel Boiler Tubes for High-Pressure 
Service (A 192-38T): 


Section 6.—At the end of this section 
add a new Paragraph (b) to read as 
‘follows: 
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(6) Superficial ruptures as a result of minor 
surface imperfections shall not be cause for 
rejection. 


Section 8.—Change from its present 
form to read as follows: 


8. (a) For tubes 0.200 in. and over in wall 
thickness the Brinell hardness test shall be 
used and on tubes having wall thicknesses from 
0.200 to 0.375 in., excl., a 10-mm. ball with 
1500-kg. load, or a 5-mm. ball with 750-kg. 
load may be used, at the option of the manu- 
facturer. For tubes less than 0.200 in. in wall 
thickness, the Rockwell hardness test shall 
be used. 

(b) The Brinell hardness test may be made 
on the outside of the tube near the end or on 
the outside of a specimen cut from the tube, 
at the option of the manufacturer. The Rock- 
well hardness test shall be made on the inside 
of a specimen cut from the tube. 

(c) The tubes shall have a hardness number 
not to exceed the following: 


ne 


Brinell Hard- Rockwell Hard- 
ness Number ness Number 
(Tubes 0.200 (Tubes less 
in. andover than 0.200 in. 
in wall thick- in wall 


ness) thickness) 
Hot-finishedtubes.. 137 B77 
Cold-drawntubes.. 125 
Hot-finished tubes 


(annealed) 125 B72 


(dq) In making the Brinell hardness test, 
reference should be made to the Standard 
Method of Test for Brinell Hardness of Metallic 
Materials (A.S.T.M. Designation: E 10) of 
the American Society for Testing Materials. 

(e) In making the Rockwell hardness test, 
reference should be made to the Standard 
Method of Test for Rockwell Hardness of 
Metallic Materials (A.S.T.M. Designation: 
E 18) of the American Society for Testing 
Materials. 


Section 11 (b).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 

(b) Five per cent of all tubes shall be se- 
lected [for the] and a hardness test shall be made 
on each of these tubes as specified in Section 8. 


{and one Brinell or one or more Rockwell tests 
shall be made on each of these tubes] 


Tentative Specifications for Medium- 
Carbon Seamless Steel Boiler and 
Superheater Tubes (A 210-38 T): 


Section 7.—Make the same change in 
this section as recommended in Section 
6 of Specifications A 192-38 T, above. 

Section 9.—Change from its present 
form to read the same as recommended 
in Section 8 (a), (6), (d), and (e) of Speci- 
fications A 192-38 T, adding a sentence 
to Paragraph (a) to read as follows: 


Hardness tests shall not be required on 
tubes less than 0.065 in. in wall thickness. 


and also changing the last sentence of 
Paragraph (b) to read as follows: 


Except as specified in Section 11 (c), Rock- 
well hardness tests shall be made on the inside 
of a specimen cut from the tube. 


Incorporate the present hardness test 
values in a new Paragraph (c) to read 
as follows: 

(c) The tubes shall have a Brinell hardness 


number not to exceed 143 and a Rockwell 
hardness number not to exceed B 79. 


Section 12 (e).—Make the same change 
in this section as recommended in 
Section 11 (6) of Specifications A 192 - 
38 T, above. 


Tentative Specifications for Spiral- 
Welded Steel or Iron Pipe (A 211 - 
38 T): 


New Section.—Add a new Section 9 
on Marking to read as follows, renum- 
bering the remaining sections accord- 
ingly: 

9. Each length of pipe shall be legibly 
marked with appropriate symbols by stenciling, 
stamping, or rolling, to show the name or brand 
of the manufacturer, the size, (diameter and 
wall thickness in inches), the hydrostatic test 
pressure in pounds per square inch, and the 
specification number A 211. 


Tentative Specifications for Seamless 
Alloy-Steel Boiler and Superheater 
Tubes (A 213 —39T): 


Table I—Add the following require- 
ments for a new chromium-molybdenum 


composition, designated T 22: 
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PROPOSED REVISIONS IN 


0.15 
0.30 to 0.60 
0. 


Carbon, max., per cent.......... 
Manganese, per cent 

Phosphorus, max., per cent 
Sulfur, max., per cent 

Silicon, max., per cent........... 
Chromium, per cent............. 
Molybdenum, per cent 


Table II.—Change to read as pre- 
scribed in the accompanying Table V by 
the addition of the italicized figures and 
the omission of the figures in brackets. 

Section 7.—Make the same change in 
this section as recommended in Section 
6 of Specifications A 192 — 38 T, above. 

Section 9.—Change from its present 
form to read the same as recommended 
in Section 8 (a), (b), (d), and (e) of 


2.00 to 2.50 
0.90 to 1.10 


STANDARDS FOR STEEL 


number not to exceed B 85 for ferritic steel or 
B 90 for austenitic steel. 


Section 12 (e)—Make the same 
change in this section as recommended 
in Section 11 (6) of Specifications A 192 
- 38 T, above. 

Section 18 (b).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


(b) The ferritic steel tubes shall be [com- 
mercially] free from scale, suitable for inspection. 
[The normal rotary straightening operation 
shall be deemed sufficient to remove scale for 
inspection.] If special pickling or shot-blasting 
{or both] are required, this shall be specifically 


TABLE V.—CHEMICAL REQUIREMENTS OF AUSTENITIC STEEL. 


T8 


Chrom ium-Nickel 


Carbon, max., per cent 
Manganese, per cent.. 


Phosphorus, max., per cent 
Sulfur, max., per cent. 
Silicon, max., per cent 


Nickel, per cent 


8.00 to [10.00] 
1.00 
17.00 to [19.00] 
20.00 


Chromium, per cent 
Molybdenum, per cent 


Titanium, min., per cent 
Columbium, min., per cent 


ium-Nickel- 


(10. 12.00] | | 
9.00 to 13.00 
17.00 to [19.00] | 
20.00 


T 19 


T 2 


Chromium-Nickel- 
Molybdenum 


Chromium-Nickel- 


Titanium Columbium 


0.08 0.13 
[0.60 to 1.50] [0.60 to 1.50] 

3.00 max. 3.00 max. 
03 0.03 | 0.03 


0.03 0.03 0.03 
(0. $0] [0.50] 0.60 
0.75 
[10.00 to 12.00} | [12.50 to 14.50] 
9.00 to 13.00 


11.00 to 14.00 
17.00 to [19.00] | [15.50 to 17.00] 
20.00 | 


16.00 to 18.00 
[2.50 to 3.25] 
2.00 to 3.00 


0.70 


Specifications A 192 — 38 T, above, add- 
ing a sentence to Paragraph (a) to read 
as follows: 


Hardness tests shall not be required on tubes 
less than 0.065 in. in wall thickness. 


and also adding a sentence to Paragraph 
(b) to read as follows: 

Except as specified in Section 11 (c), Rockwell 
hardness tests shall be made on the inside of a 
specimen cut from the tube. 


Incorporate the present hardness test 
values in a new Paragraph (c) to read 
as follows: 


The tubes shall have a Brinell hardness 


number not to exceed 163 for ferritic steel or 
190 for austenitic steel, and a Rockwell hardness 


stated in the order and shall be done at the 
purchaser’s expense. 


Tentative Specifications for Electric- 
Resistance-Welded Steel Heat-Ex- 
changer and Condenser Tubes (A 214 

39 T): 


Section 6.—Make the same change in 
this section as recommended in Section 
6 of Specifications A 192 — 38 T, above. 


Section 8.—Change from its present 
form to read as follows: 


8. (a) The Rockwell hardness test shall be 
made on the inside of a specimen cut from the 
tube, but hardness tests shall not be required 
on tubes less than 0.065 in. in wall thickness. 

(b) The tubes shall have a Rockwell hard- 
ness number not to exceed B72. | 
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 yeference should be made to the Standard 
Method of Test for Rockwell Hardness of 


(c) In making the Rockwell hardness test, 


Metallic Materials (A.S.T.M. Designation: 
_ E18) of the American Society for Testing 
_ Materials. 


Section 11 (b)—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


(b) Five per cent of all tubes shall be selected 
[for the] and a hardness test shall be made on 
each of these tubes as specified in Section 8. 
[and one Rockwell determination shall be made 
on each of these tubes] 


Tentative Specifications for Electric- 
Resistance-Welded Steel Boiler and 
Superheater Tubes for High-Pressure 
Service (A 226-39T): 


Report or Commirree A-1 (APPENDIX) 


Section 6.—Make the same change in 
this section as recommended in Section 
6 of Specifications A 192-38 T, above. 

Section 8.—Change from its present 
form to read the same as recommended 
in Section 8 (a), (6), (d), and (e) of 
Specifications A 192-38 T, above. 

Incorporate the present hardness test 
values in a new Paragraph (c) to read 
as follows: 


(c) The tubes shall have a Brinell hardness 
number not to exceed 125 and a Rockwell 
hardness number not to exceed B 72. 


Section 11 (b)—Make the same 
change in this section as recommended 
in Section 11 of S A 192 
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STANDARDIZATION OF DIMENSIONS AND MATERIALS OF WROUGHT ; 
IRON AND WROUGHT STEEL PIPE AND TUBING 


No meeting of the Sectional Com- 
mittee on Standardization of Wrought 
Iron and Wrought Steel Pipe and Tubing 
was held during the past year. How- 
ever, a number of revisions in American 
standard specifications for various pipe 
materials which are a part of the Ameri- 
can Standard for Wrought Iron and 
Wrought Steel Pipe (B 36.10 — 1939) 
were considered and approved by letter 
ballot of the sectional committee and 
subsequently approved by the A.S.A. 
during the past year. This is a con- 
tinuance of the practice of keeping the 
American Standard for Pipe abreast 
of the art of pipe manufacture. The 
following standards were revised: 


Standard Specifications for: 

Welded Wrought-Iron Pipe (A 72 - 39; ASA 
B36.2-1939), 

Electric-Fusion-Welded Steel Pipe (Sizes 
30 in. and Over) (A 134-39; ASA 
B36.4-1939), 

Electric-Fusion-Welded Steel Pipe (Sizes 
8 in. to but not Including 30 in.) 
(A 139 - 39; ASA B36.9-1939), and 

Lap-Welded and Seamless Steel Pipe for 
High-Temperature Service (A 106-39; 
ASA B36.3-1939). 


The standard for wrought-iron pipe 
has been revised to state more specifi- 
cally that pipe shall be made from all 
pig puddled or processed wrought iron. 

The specifications for electric-fusion- 
welded steel pipe both in the larger and 
smaller sizes were revised to inchade pipe 


welded by the straight seam or spiral 
seam process. Formerly, it was the 
intention to cover the straight-seam 
type only, although this was not ex- 
plicitly stated. An additional revision 
concerned the requirements for the test 
specimen. It is now stated that the 
specimen for the tension and bend tests — 
may, at the option of the purchaser, be 
taken perpendicularly across the weld. 

The specifications for lap-welded and 
seamless steel pipe for high-temperature 
service received somewhat more exten- 
sive revision. The process clause was 
changed to require the use of a killed 
steel for seamless pipe in view of the 
trend in recent years to use a killed 
product where severe service is involved 
due to its superior high-temperature 
characteristics. Other revisions con- 
cerned the specification of hydrostatic 
test by formula instead of tabulating 
the requirements as before, a change in 
the flattening test for welded pipe to 
call for cold flattening of the specimen, 
the inclusion of heat treatment of the 
transverse tension test specimen when 
using a specimen resulting from the 
flattening test, or hot-flattening a ring 
section, and slight revisions in notes to 
Table I and weight requirements. 

The continuing revision of the pipe 
standard is intended to keep pace with 
the industry and facilitate use of the 
standard i in ee pipe, with the view 
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that ultimately all pipe will be ordered 
in accordance with the schedule series 
of the American standard. 

As an editorial revision, Table 2 of 
ASA  B36.10-1939 has been added 


. _ as a supplement to the following: 


f Standard Specifications for: 


Welded and Seamless Steel Pipe (A 53 — 36; 
ASA B36.1-1936), 

Lap-Welded and Seamless Steel Pipe for 
High-Temperature Service (A 106-39; 
ASA B36.3-1939), 

Electric-Resistance-Welded _ Steel 
(A 135 — 34; ASA B36.5-1935), 

Electric-Fusion-Welded Steel Pipe (Sizes 
8 in. to but not Including 30 in.) (A 139 - 
39; ASA B36.9-1939), 

Electric-Fusion-Welded Steel Pipe for High- 
Temperature and High-Pressure Service 
A 155 — 36; ASA B36.11-1939), 

Black and Hot-Dipped Zinc-Coated (Gal- 
vanized) Welded and Seamless Steel Pipe 
for Ordinary Uses (A 120-36; ASA 
G8.7-1937), 


Pipe 


Tentative Specifications for: 


Seamless Alloy-Steel Pipe for Service at 
Temperatures from 750 to 1100F. 
(A 158 - 38 T), and 

Seamless Carbon-Molybdenum Alloy-Steel 
Pipe for Service at Temperatures from 
750 to 1000 F. (A 206 - 39 T). 


Inclusion of Table 2 in these specifi- 


cations as a supplement is an important | 
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step which, it is mani will aid ma- 
terially in familiarizing the trade with 
the schedule series. Ultimate incorpo- 
ration of Table 2 in the text of these 
specifications in place of the old tables 
of “standard weight,” “extra strong,” 
etc., will have to await the more wide- 
spread application of the pipe standard. 
Every effort is being made by the 
officers of the committee to hasten 
acceptance of the standard by all con- 
cerned, particularly in the heating and 
plumbing trades where the members 
are less likely to be informed of recent 
American standards. Articles explain- 
ing the purpose of the standard and 
urging its use have appeared in a 
number of trade journals and magazines. 
It is urged that everyone interested 
in any way in pipe should use whatever 
influence he may have to overcome the 
inertia which resists the wider acceptance 
and use of this American standard. 


Respectfully submitted on behalf of 
the committee, 


H. H. Morean, 
awe ls 
Chairman. 
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Since the 1939 annual meeting of the 

Society, Committee A-3 on Cast Iron 

has held one meeting, in Detroit, Mich., 

on March 5, 1940. A second meeting 

will be held in June during this annual 
meeting of the Society. 

Subsequent to the 1939 annual meet- 
ing, Committee A-3 presented to the 
Society through Committee E-10 on 
Standards, Tentative Specifications for 
Cast-Iron Pit-Cast Pipe for Water or 
Other Liquids (A 44 — 39 T), to replace 
immediately the Standard Specifications 
for Cast Iron Pipe and Special Castings 
(A 44 — 04), and Tentative Specifications 
for Cast Iron Soil Pipe and Fittings 
(A74-—39T), to replace immediately 
Standard Specifications A 74-29. 
These recommendations were accepted! 
by Committee E-10 on August 24, 1939, 
and the tentative specifications appear 
in the 1939 Book of A.S.T.M. Stand- 
ards.? 

Tentative Specifications A 44-39 T 
were prepared by Sectional Committee 
A21 on Cast-Iron Pipe and Fittings, of 
which the Society is one of the sponsors, 
and the specifications have been ap- 
proved by the American Standards As- 
sociation as American standard (ASA 
No. A21.2-1939). 

In the past year the committee has 
lost through death one of its most able, 
conscientious, and active members, R. S. 
_ 1 In submitting these recommendations to Committee 
E-10 on Standards, Committee A-3 reported the following 
Tesults of the letter ballot vote from a committee member- 
ship of 103: A 44 - 39 T, affirmative 42, negative 0, ballots 
marked “‘not voting’’ 22; A 74 - 39 T, affirmative 52, nega- 


tive 1, ballots marked “not voting’’ 17. 
2 1939 Book of A.S.T.M. Standards, Part I, pp. 960, 974. 
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MacPherran. Mr. MacPherran’s mem- 
bership on Committee A-3 dated from 
the organization of the committee in 
1903. He served as chairman from 
1926 to 1928, and was active on several 
The services that he 
rendered to Committee A-3 have been 
invaluable. Always a willing worker 
and cooperative in committee work, his 
loyalty and good fellowship will ever 
remain a memory. It is with most 
sincere regret that the committee records 
his death. 

The present membership of the com- 
mittee is 108, of which 29 are classified 
as producers, 44 as consumers, and 35 
as general interest members. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, J. W. Bolton. 

Vice-Chairman, J. T. MacKenzie. 4 

Secretary, E. R. Young. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Pig Iron (H. M. 
Rich, chairman) has under preparation 
new specifications for pig iron, to replace 
the Standard Specifications for Foundry 
Pig Iron (A 43 - 24). 

Subcommittee IIT on Cylinders (O. B. 
Schultz, chairman) plans to revise the 
Standard Specifications for Cast-Iron 
Locomotive Cylinders (A 45-14) in 
order to bring them up to date. 

Subcommittee XVIII on Automotive 
Castings (A. L. Boegehold, chairman) is 
considering revising the Specifications 
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for Automotive Gray-Iron Castings 
(A 159) to bring them into agreement 
with the Specifications for Cast Iron 
of the Society of Automotive Engineers. 


I. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative specifications be ap- 
proved for reference to letter ballot of 

_ the Society for adoption as standard: 


Tentative Specifications 
Automotive Gray-Iron Castings (A 159 - 
35 T), and 


Lightweight and Thin-Sectioned Gray-Iron 
4 Castings (A 190 - 36 T). 


Apoption as STANDARD OF 
TENTATIVE REVISION OFC 


The committee recommends that the 
revision published as tentative in 1938* 
of the Standard Specifications for Gray- 
Iron Castings for Valves, Flanges, and 
Pipe Fittings (A 126-30) be approved 
for reference to letter ballot of the 

_ Society for adoption as standard. 


_ The recommendations appearing in 
this report have been submitted to 


3 1939 Book of A.S.T.M. Standards, Part I, pp. 957, 955. 
4 Ibid., p. 1271. 


letter ballot of the committee which 
consists of 108 members; 66 members 
returned their ballots, with the results 
shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 


Afirm-| Neg- |Marked 


(‘Not 
ative | ative Vot- 


ing”) 


I. ADopTION OF TENTATIVE 
STANDARDS AS STANDARD 
Spec. for Automotive Gray- 

Iron Castings (A 159 - 35 T). 
Spec. for Lightweight and 

Thin-Sectioned Gray-Iron 

Castings (A 190 - 36 T) 


II. Apoption aS STANDARD 
or TENTATIVE REVISION 
OF STANDARD 
Spec. for Gray-Iron Castings 
for Valves, Flanges, — 
Pipe Fittings (A 126 - 30).. 


This report has been submitted to 
letter ballot of the committee which 
consists of 108 members; 61 members 
returned their ballots, of whom 56 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. H. RotuHer, 
Chairman. 
H. C. AUFDERHAAR, 
Secretary. bar 
i 
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CORROSION OF IRON AND > 


Committee A-5 on Corrosion of Iron 
and Steel has held two meetings during 
the past year: one on June 27, 1939, 
during the annual meeting of the Society 
in Atlantic City, N. J., and the other on 
March 7, 1940, at the spring group 
meetings of A.S.T.M. committees in 
Detroit, Mich. 

Since the last report, 7 new members 
have been elected and 3 members have 
resigned; the committee membership 
now totals 128, of whom 57 are classified 
as producers, 43 as consumers, and 28 
as general interest members. 


I. New TENTATIVE STANDARD 


On the recommendation of Sub- 
committee VII the committee recom- 
mends that a new Method of Test for 
Uniformity of Coating by the Preece 
Test (Copper Sulfate Dip) on Zinc- 
Coated (Galvanized) Iron or Steel 
Articles be accepted for publication as 
tentative. This method is a combina- 
tion of the Standard Method of Test 
for Uniformity of Coating by the Preece 
Test (Copper Sulfate Dip) on Zinc- 
Coated (Galvanized) Iron or Steel Wire 
(A 191 — 38) and the Tentative Method 
of Test for Uniformity of Coating by 
the Copper Sulfate Dip Test (Preece 
Test) on Zinc-Coated (Hot-Galvanized) 
Steel Castings and Forgings, Gray Iron 
and Malleable Iron Castings (A 208 - 
38 T) and includes revisions and 
changes that were necessary in order to 
make the method applicable to other 
materials, such as hardware and threaded 
materials. While the new method, when 
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adopted as standard, is intended to 
replace the present Methods A 191-38 
and A 208 — 38 T, the latter are being 
continued this year in their present 
status. 


II. REviIsIons oF TENTATIVE 
STANDARDS 


On the recommendation of Sub- 
committee VI, the committee recom- 
mends that the three tentative specifi- 
cations covering electrodeposited coat- 
ings on steel be revised, as indicated in 
detail below, and continued as tentative. 
In general, the revisions provide for the 
inclusion of requirements for a thicker 
coating in the specifications for zinc 
coatings (A 164 — 39 T), and for nickel 
and chromium coatings (A 166 - 39 T), 
and an intermediate thickness of coating 
in the specifications for cadmium coat- 
ing (A 165 - 39 T). It is expected that 
the revised specifications will more 
nearly fit the needs of the electroplating 
industry. 


Tentative Specifications for  Electro- 
deposited Coatings of Zinc on Steel 
(A 164-39 T)2 


Section 1.—Change the second sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


[Two] Three types of coatings (Notes 
are covered: namely, 
. Type G.S. 
Type L.S. [for general service, and] 
Type R.S. [for mild service.] 


21939 Book of A.S.T.M. Standards, Part I, p. 945. 
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Change Note 1 to read as follows by 
the addition of the italicized words and 
letters and the omission of those in 
brackets: 


Note 1: Explanation of Symbols.—The 
initial letters G, L, and R were adopted as arbi- 
trary designations of grades of plating. The 
second letter (S) refers to steel as the base 
metal; [to provide for] other base metals [such 
as brass (B) and zinc (Z)] are indicated by the 
letters B for brass, C for copper, and Z for zinc. 


In the first sentence of Note 2 add 
the term “type G.S.” before the present 
reference to type L.S. 

In the second paragraph of Note 2 
replace the symbol “LS” with the sym- 
bol “G.S.” 

Section 3.—Add a new Paragraph 
(a) to read as follows, relettering the 
present Paragraphs (a) and (b) as 
Paragraphs (6) and (c), respectively: 

- Transfer the Note following Section 3 

to an appendix, designated Appendix I. 

Appendix.—Designate the present 

appendix as Appendix II, and change 
the third paragraph to read as follows 
by the addition of the italicized words, 


figures, and letters and the omission of 
those in brackets: 


3. (a) Type G.S.—On significant surfaces 
of the finished articles, the minimum thickness 
of type G.S. zinc coating shall be 0.001 in. 


To deposit 0.001 in. of zinc with high effi- 
_ ciency in either acid or cyanide baths, it requires 
about 14 amp. hr. per sq. ft. To produce an 
average thickness of [0.00075] 0.0015 in., that is, 
50 per cent more than the minimum thickness 
of [0.0005] 0.001 in. specified for type [LS] 
G.S., it will, therefore, require about [11] 2/ 
amp. hr. per sq. ft. This is equivalent to 
plating for 1 hr. at [11] 2/ amp. per sq. ft. or toa 
corresponding period for any other current 
density. Similarly, for type L.S. it will require 
about 11 amp. hr. per sq. ft. and for type B.S. 
{it will require] about 3.5 amp. hr. per sq. ft. 
to deposit an average [of 0.00023 in. of zinc 
(or a minimum of 0.00015 in.)] thickness about 


50 per cent greater than the specified minimum 
thickness. 


Tentative Specifications for Electro- 
deposited Coatings of Cadmium on Steel 
(A 165 39 T):3 


Section 1.—Change the second sen- 
tence to read as follows by the addition 
of the italicized words and letters and 
the omission of the words in brackets: 


[Two] Three types of coating (Notes 1 and 2) 
are covered: namely, 


Type N.S. [for general service, and) 
Type O.S. 
Type T.S. [for mild service.] 


Change Note 1 to read as follows by 
the addition of the italicized words and 
letters and the omission of those in 
brackets: 


Nore 1: Explanation of Symbols.—The 
initial letters N, O, and T were adopted as 
arbitrary designations of grades of plating. 
The second letter (S) refers to steel as the base 
metal; [to provide for] other base metals [such 
as brass (B) and zinc (Z)] are indicated by the 
letters B for brass, C for copper, and Z for zinc. 


In the first sentence of Note 2 add 
the term “type O.S.” after the present 
reference to type N.S. 

Section 3—Add a new Paragraph 
(6) to read as follows, relettering the 
present Paragraph (b) as Paragraph (c): 


(6) Type O.S.—On significant surfaces of the 
finished articles, the minimum thickness of 
type O.S. cadmium coating shall be 0.0003 in. 


Transfer the Note following Section 3 
to an appendix, designated Appendix I. 

Appendix.—Designate the present 
appendix as Appendix II, and change 
the last sentence of the third paragraph 
to read as follows by the addition of 
the italicized words, figures, and letters 
and the omission of those in brackets: 


Similarly, for type O.S. it will require about 
4.5 amp. hr. per sq. ft. and for type T.S. [it 


31939 Book of A.S.T.M. Standards, Part I, p. 938. 
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will require] about 2.5 amp. hr. per sq. ft. to 
deposit an average [of 0.00023 in. of cadmium 
(or a minimum of 0.00015 in.)] thickness 50 
per cent greater than the specified minimum 
thickness. 


Tentative S pecifications for Electro- 
deposited Coatings of Nickel and Chro- 
mium on Steel (A 166 —- 39 T):4 


Section 1.—Change the second sen- 
tence to read as follows by the addition 
of the italicized words and letters and 
the omission of those in brackets: 


[Two] Three types of coating (Notes 1 and 2) 
are covered: namely, 

Type F.S. 

Type K.S. [for general service, and] 

Type Q.S. [for mild service.] 


Change Note 1 to read as follows by 
the addition of the italicized words and 
letters and the omission of those in 
brackets: 


Note 1: Explanation of Symbols.—The 
initial letters F, K, and Q were adopted as 
arbitrary designations of grades of plating. 
The second letter (S) refers to steel as the base 
metal; [to provide for] other base metals [such 
as brass (B) and zinc (Z)] are indicated by the 
letters B for brass, C for copper, and Z for zinc. 


In the first sentence of Note 2 add 
the term “‘type F.S.” before the present 
reference to type K.S.; also in the second 
paragraph change “KS” to read “F.S.” 

New Section.—Add a new Section 3 
covering “Thickness of Coatings, Type 
F.S.,” to read as follows, renumbering 
the subsequent sections accordingly: 


3. (a) Nickel and Copper.—For type FS. 
coating on significant surfaces of the finished 
articles, the minimum thickness of the nickel 
coating or of the combined layers of copper and 
nickel shall be 0.00125 in., and if copper is used, 
the minimum thickness of the final nickel layer 
shall be 0.0006 in. 

(b) Chromium.—Ilf a chromium finish is 
specified, the minimum thickness of the copper 
and nickel layers on significant surfaces shall 
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be as specified in Paragraph (a), and the mini- 
mum thickness of the chromium coating shall 
be 0.00001 in. 


Section 4.—Transfer the Note follow- 
ing Section 4 (new Section 5) to an 
appendix, designated Appendix I. 

Section 9—Change Paragraph (a) 
from its present form to read as follows: 


9. (a2) The plated articles shall show no 
appreciable corrosion on significant surfaces 
at the end of the following periods of continuous 
exposure to the salt spray test (Note): 


To the Note following Section 9 (6) 


the following summary of require- 


ments for type F.S. coating: 


Copper plus nickel, min 

Final nickel, min 

Chromium (if required), min. .... 
Salt spray, continuous exposure . . 


0.00125 in. 
0.0006 in. 
0.00001 in. 
72 hr. 


Appendix.—Designate the present 
appendix as Appendix II, and change 
the second sentence of the second para- 
graph from its present form to read 
as follows: 


General experience indicates that an average 
thickness at least 50 per cent greater than the 
specified minimum thicknesses of nickel plus 
copper will be required. 


Under the heading ‘Copper and 
Nickel,” change the last two sentences of 
the second paragraph from their present 
form to read as follows: 


For an average thickness of 0.0018 in. (type 
F.S.) it will, therefore, require about 25 X 1.8 = 
45 amp. hr. per sq. ft.; for 0.0012 in. (type K.S.) 
about 30 amp. hr. per sq. ft.; and for 0.0006 in. 
(type Q.S.) about 15 amp. hr. per sq. ft. 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee which 
consists of 128 members; 95 members 
returned their ballots, with the results 


shown in Table I. 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Affirma- 


Nega- 
tive 


Items tive 


Voting” 


I. New TENTATIVE STANDARD 


Test for Uniformity of Coating 
by the Preece Test (Copper 
Sulfate Dip) on Zinc-Coated 
(Galvanized) Iron or Steel 
Articles 


yu 
* 


80 | 11 


II. Revisions or TENTATIVE 
STANDARDS 

Spec. for Electrodeposited | 
Coatings of Zinc on Steel | 
(A 164 - 39 T) 

Spec. for Electrodeposited 
Coatings of Cadmium on 

Steel 165 - 39 T) 

Spec. for Electrodeposited 
Coatings of Nickel and 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee III on Inspection of 
Annapolis Tests (E. S. Taylerson, chair- 
man).—The specimens of No. 22 gage 
copper-bearing and non-copper-bearing 
corrugated black sheets that have been 
exposed at Annapolis, Md., since Octo- 
ber 17, 1916, were inspected on April 18 
and on October 16, 1939. At the April 
inspection it was found that three sheets 
had failed, namely, B2, U2, and V8. 
On October 16 it was found that sheets 
B3, E1, E2, E7, E9, Hi, and T6 had 
failed. A summary of the failures to 
date is given in the accompanying 
Table IT. 

During the past year it was found nec- 
essary to move the exposure test at the 
Annapolis location to a new site because 
of the installation of new plant equip- 
ment by the Navy Department at the 
old location. Since the new site selected 
is adjacent to the old one, the atmos- 
pheric exposure conditions are substan- 
tially the same as before, and no marked 
difference in the corrosion rate of the 
samples is expected. 

Subcommittee V on Total Immersion 
Tests (W. J. Jeffries, chairman).—The 
immersion tests in sea water in which 
the No. 16 and No. 22 gage sheet steel 


and wrought iron specimens and tubing 
samples were exposed at Portsmouth, 
N. H., and Key West, Fla., in 1927 have 
been concluded, with the failure of all 
the sheet specimens and the removal of 
the tube specimens from the test. The 
subcommittee is presenting its final 
report, appended hereto, on the sheet 
specimens characterizing the materials 
in the test, indicating the life of each 
specimen, and including such conclusions 
as the subcommittee has been able 
to draw. 

Subcommittee V has been unable to 
complete the study of the pipe specimens 
under test but plans to submit its con- 
clusions next year. Copper replicas 
of the riveted plates at Portsmouth, 
N. H., and Key West, Fla., were made 
during 1939, but no significant difference 
is noted since the last inspection. The 
riveted test plates immersed at Port 
Arthur, Tex., are reported to have been 
lost. The test at this location is there- 
fore canceled and no report of the final 
results of the test will be possible. 

Subcommittee VI on Specifications for 
Metallic-Coated Products (T. R. Gallo- 
way, chairman).—Only minor comments 
have been received on the Tentative 
Specifications for Zinc-Coated Steel Wire 
Strand, Galvanized and Extra Gal- 
vanized (A 122 - 39 T) and Class B 
and Class C Coatings (A 218 - 39 T), 
which were published as tentative last 
year; since the specifications have been 
available for such a short time, it is 
deemed advisable to retain them as 
tentative for another year. 

The Subgroup on Chain-Link Fence 
Fabric has reported that revisions seem 
necessary in the present Standard Speci- 
fications for Chain-Link Fence Fabric 
Galvanized After Weaving (A 117 — 33) 
and that separate specifications for 
chain-link fence fabric galvanized before 
weaving appear desirable. It is hoped 
that agreement may be reached at the 
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June meeting on the commercial diffi- 
culties which have been delaying the 
preparation of these specifications. 

The Subgroup on Galvanized Sheets 

has not yet reached a conclusion in its 
attempt to eliminate differences between 
the A.S.T.M. and Federal specifications 
covering galvanized sheets. Specifica- 
tions A 93 - 38 T will, therefore, be 
retained as tentative for another year. 

The Subgroup on Electroplated Coat- 
ings on Steel has proposed the addition 
of a weight-of-coating class to each of 
the three tentative specifications spon- 
sored by it (A 164, A 165, and A 166). 
The detailed revisions recommended in 
these specifications are given earlier in 
this report. 

At the March meeting there was a 
discussion of the Tentative Specifica- 
tions for Zinc Coating on Hardware and 

Fastenings (A 153 33 T), resulting 
in the conclusion that a single specifica- 
tion is more desirable than several 
specifications covering related products 
and that more than one weight-of- 
coating class seems desirable. It is 
expected that a subcommittee will be 
_ organized before the June meeting to 
proceed with this work. 

Inquiries regarding the low aluminum 
limit prescribed in the Standard Specifi- 

_ cations for Zinc Coatings on Structural 
Steel (A 123 — 33) have been discussed 

and were referred by the advisory com- 
mittee to Subcommittee VIII to deter- 
mine whether or not the allowable 

- percentage of aluminum may be in- 
creased with safety. In the meantime, 

_ these specifications will remain un- 
changed. 

Subcommittee VII on Methods of 
Testing (R. W. Baker, chairman).— 

_ Following up its favorable report on the 
possibility of combining the Methods 
of Test for Uniformity of Coating by 
the Preece Test on Zinc-Coated Iron or 


Steel Wire (A 191 - 38) and on Steel 
Castings and Forgings, Gray Iron and 
Malleable Iron Castings (A 208 — 38 T), 
the Subgroup on the Preece Test is 
presenting for publication as tentative, 
as mentioned earlier in this report, 
a combined method! which includes 
revisions, and additions to the method 
to cover the performance of this test 
on hardware and threaded materials. 
Standard Method A 191 - 38 and 
Tentative Method A 208 — 38 T will be 
continued in their present status until 
the new method is adopted as standard. 

Based on investigations of the Joint 
Committee on Exposure Tests of Plating, 
composed of representatives of the 
American Electro-Platers’ Society, the 
National Bureau of Standards, and the 
A.S.T.M., it is proposed to revise 
the Tentative Methods of Test for 
Local Thickness of Electrodeposited 
Coatings on Steel (A 219 - 39 T), to 
include in the procedure for determining 
the thickness of chromium, a graph 
showing the temperature factor for 
hydrochloric acid of 1.18 sp. gr. in 
addition to the curve now included 
which shows the temperature factor 
for hydrochloric acid of 1.19 sp. gr. 
This matter has been referred back to 
the Joint Committee and no _ final 
action will be taken until approval is 
received from the Joint Committee. 

Subcommittee VIII on Field Tests for 
Metallic Coatings (R. F. Passano, chair- 
man).—There are three field tests now 
in progress: (1) on galvanized sheets, 
(2) on metallic coated hardware, struc- 
tural shapes, tubular goods, etc., and 
(3) on wire and wire products. The 
report this year, which deals principally 
with the galvanized sheets, is appended. 
The atmospheric exposure tests on 
hardware and wire are scheduled for 


5 See Editorial Note, p. 97. 
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extensive consideration next year but a 
brief interim report on the wire test 
follows: 

Inspections made since the last pub- 
lished report® show further rusting of 
the lighter weight zinc-coated wires at 
Pittsburgh, Pa., Sandy Hook, N. J., 
and Bridgeport, Conn. No rusting has 
taken place in the groups carrying 
coatings heavier than 1.0 oz. per sq. ft. 
at Pittsburgh or heavier than 0.45 oz. 
per sq. ft. at Sandy Hook. At State 
College, Pa., and at the remaining 
seven sites no rust has appeared on any 
coated wires. 

The samples exposed for the deter- 
mination of loss of tensile strength are 
being periodically removed and tested. 
Final trends of strength loss tests will 
be published when sufficient data have 
been assembled. 

Concerning the zinc-coated specimens 
that were exposed for the purpose of 
periodic removal in order to determine 
the loss of weight of coating, the status 
is as follows: All samples have been 
removed from the Pittsburgh test site 
and some have been removed from 


on “espana Am. Soc. Testing Mats., Vol. 39, p. 156 
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Sandy Hook and State College. The 
annual losses of weight now indicated 
are: 0.369 oz. per sq. ft. for Pittsburgh; 
0.119 oz. per sq. ft. for Sandy Hook; 
and 0.071 oz. per sq. ft. for State College. 
Specimens to determine the loss of 
weight of coating were not exposed at 


any of the other sites. ’ 


The following officers of Committee 
A-5 have been elected for the ensuing 
term of two years: 

Chairman, W. H. Finkeldey 

First Vice-Chairman, W. G. Kelley 

Second Vice-Chairman, L. W. Hop- 
kins 

Mr. T. R. Galloway has accepted re- 
appointment as secretary of the com- 
mittee, and the present subcommittee 
chairmen have been reappointed. 


This report has been submitted to 
letter ballot of the committee which 
consists of 128 members; 95 members 
returned their ballots, of whom 80 have 
voted affirmatively and 3 negatively. 


Respectfully submitted on behalf of 


‘the committee, 


W. H. FINKELDEyY, 
Chairman. 
T. R. GALLoway, 
Secretary. 


“A 


Subsequent to the annual meeting, Committee A-5 peesented to the Society 


through Committee E-10 on Standards a revision of the Tentative Methods 
of Test for Local Thickness of Electrodeposited Coatings on Steel (A 219- 
This revision was accepted by Committee E-10 on November 5, 1940, 
and the methods in their revised form appear in the 1m a to Book 


39 T). 
of A.S.T.M. Standards, Part I, p. 303. 
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4 REPORT OF SUBCOMMITTEE V ON TOTAL IMMERSION TESTS 


The No. 22 gage and No. 16 gage 
black sheet steel and wrought iron 
specimens subjected to total immersion 
in sea water at Portsmouth, N. H., 
and Key West, Fla., in 1927 have all 
- failed, and after studying the data 
obsained the subcommittee has come to 

certain conclusions. These conclusions 
and the data in Tables I to IV are sub- 
mitted herewith. Before proceeding 
with the report the subcommittee con- 
siders it advisable to explain the method 
employed in arranging the specimens for 
the test. 

Each sheet included in the atmos- 
pheric exposure investigation under the 
cognizance of Subcommittee III, of 
Committee A-5, had one or more 2-in. 
wide strips sheared from it. These 
strips were stored: at the National 
Bureau of Standards, Washington, D.C., 

from 1916 to 1920, when a majority of 
_ the strips were sheared to specimens 
measuring 2 in. wide by 6 in. long for use 
in the immersion tests in Calumet mine 
water, tap water at Washington, D. C., 
and Severn River water at Annapolis, 
Md., under the cognizance of Sub- 

committee V. The balance of the strips 
_ were sheared to similar size for immer- 
sion in sea water at Portsmouth, N. H. 
and Key West, Fila. 
_ Twenty-five grades of metal were 
found to remain in the No. 22 gage and 
twenty-three grades in the No. 16 gage. 
The 2 by 6-in. specimens were pickled 
and weighed before being immersed in 
the sea water. The original weights 
cannot now be found in the records of 
the subcommittee. Each grade of metal 
- was represented by six specimens each 
about 2 by 6 in. in each gage. 


Two boxes were provided at each 
location, one of which contained the 
No. 22 gage and the other contained the 
No. 16 gage specimens. In each box 
there were six racks with slots to hold 
the specimens at both ends. The pieces 
were so arranged in the racks that in no 
one box would they be in the same order. 
The flow of water at the inlet was to be 
regulated so that approximately 6 gal. 
per min. entered the box at one end and 
flowed out at the opposite end. 

The criterion of failure was complete 
perforation of the specimen, or an in- 
dentation of the edge at least } in. 
by corrosion. A perforation occurring 
where the specimen was marked was in 
no case to be considered as a failure, it 
being assumed that the deformed metal 
at this location could be expected to 
fail earlier than the unstressed areas. 

When the test had been in progress for 
30 days, rack No. 1 was taken out and 
the specimens cleaned free from rust 
with a light bristle brush, but were not 
weighed. No failures having occurred, 
the rack was put back in place. At 
the end of the second month rack No. 2 
was taken out and the specimens cleaned 
with the light brush. No failures having 
occurred, the specimens were returned 
to the rack and replaced in the box. 
The same procedure was followed with 
the other four racks at one month 
intervals, and on the seventh month 
rack No. 1 was again examined, and 
the same procedure followed until the 
first failure occurred, at which time and 
each month thereafter, all the racks were 
taken out, each specimen cleaned and all 
returned to the racks except the failed 
specimens. = 
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Ow Immersion Tests 


It will be noted that after the first 
failure occurred, all specimens were 
subjected to the continuous immersion 
for one month. Up to the time the 
first failure was discovered, neglecting 
the first round of inspection, the test 
was a continuous immersion test for 
six months. For the first round of 
inspection, rack No. 1 was continuously 
immersed for 1 month, followed by a 
second continuous immersion for 6 
months. Rack No. 2 was continuously 
immersed for 2 months followed by a 
continuous immersion for 6 months. 
Rack No. 3 was continuously immersed 
for 3 months followed by continuous 
immersion for 6 months. Rack No. 4 
was continuously immersed for 4 months 
followed by continuous immersion for 6 
months. Rack No. 5 was continuously 
immersed for 5 months followed by con- 
tinuous immersion for 6 months. Rack 
No. 6 was continuously immersed for 
6 months followed by continuous im- 
mersion for 6 months. This variation 
of time of continuous immersion of the 
several racks may have some bearing on 
what was later found. 

From other immersion tests the sub- 
committee has learned that the loss of 
weight from a test specimen is greater 
the first month than it is the second, and 
greater the second month than it is the 
third, and so on. 

The above schedule of inspection was 
continued until the first failure occurred. 
Each time an inspection was conducted, 
the specimens were brushed with a light 
bristle brush. The first failures oc- 
curred at Portsmouth, N. H., and at 
Key West, Fla., after 13 months. No 
attempt was made to carry the cleaning 
beyond the light brushing until a total 
of 22 months had elapsed. During the 
22 months the specimens at Key West 
had accumulated a growth of coral which 
clung tenaciously to the surface of the 


bottoms of boats once a year. 


99 


specimens so long as the specimen was 
but slightly deformed by flexure. The 
coral growth broke off slightly in some 
places leaving the underlying metal 
bare. 

In January, 1929, E. S. Taylerson, 
R. F. Passano and F. N. Speller were 
present during the regular monthly 
inspection of the specimens at Key 
West. Close examination of the speci- 
mens revealed failures in spots that had 
lost their coral growth. Up to that 
time failures had occurred where coral 
growth had been continuous. In this 
respect the conditions incident to failure 
had apparently changed at some in- 
tervening period, as the specimens 
having a continuous coating of coral 
intact over the entire surface seemed in 
no danger of ever failing. 

During this inspection it was suggested 
that it was the custom in that particular 
locality to clean, by sandblasting, the 
It was 
therefore agreed to follow this practice 
and the specimens were each cleaned by 
light sandblasting in order to equalize 
the surface condition of each specimen 
before continuing the test. It was also 
decided to sandblast each unfailed 
specimen once each year at Key West 
and at Portsmouth every 6 months. 

Other than the fact that the specimens 
had been pickled prior to the beginning 
of the test and after 1929 were sand- 
blasted, the method followed in the 
inspection each month did not differ 
from that used on the three previous 
immersion tests which are described in 
the 1920 Report of Committee A-5.! 

It will be noted that when the first 
failure was discovered in any box, which 
contained six racks, all the racks in that 
box were removed and inspected each 
month thereafter, beginning with that 


1 Proceedings, Am. Soc. Testing Mats., Vol. XX, Part 
I, p. 227 (1920). 
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month. When the monthly inspection 
of all the racks in the box of No. 22 
gage specimens was started, that did 
not affect the specimens in the box of 
No. 16 gage material. The latter were 
subjected to the same procedure only 
when the first failure in that gage oc- 
curred. Thus the No. 16 gage specimens 
were subjected to more continuous 
immersions of 6 months than were the 
No. 22 gage specimens. 

This condition is to be especially noted 
because in analyzing the data, some may 
desire to give some weight to the relative 
lives of the No. 16 and the No. 22 gage 
specimens, the former being twice the 
thickness of the latter. Some may feel 
that the effect of thickness is an im- 
portant factor. It is likely, however, 
that more happens to the specimens in 
six immersions of one month than hap- 
pens in a continuous immersion of 
6 months duration. 

The figures given in Tables I to IV 
are the life of the specimens in elapsed 
time in days from the beginning of the 
test to the inspection at which failure 
was noted. The test was, however, an 

_ interrupted immersion test. The in- 

—— were made necessary by the 
method of inspection chosen by the 
members of Subcommittee V when the 
test was started. 

Attempts to interpret the data and to 
come to some quantitative conclusions 
have been conscientiously made by the 
subcommittee. It must be apparent 
to anyone studying the results and con- 

* sidering the variables that have, during 
_ the life of the tests, expediently crept 
“inf the procedure, that there are too 

many factors of doubt to permit the 


drawing of more than very general 
conclusions as to which are the better 
materials of those tested, suitable for 
gea-water immersion without the benefit 
of some protective coating. 


Conclusions: 


The conclusions reached by the com- 
mittee are submitted herewith for the 
consideration of the Society: 

(a) The spread in time of failure is 
great. 

(6) The difference between different 
kinds of material is small with respect to 
the spread in time. 

(c) Because of these apparent factors 
the subcommittee decided at the time the 
last specimens of No. 22 gage material 
failed, that attempts to interpret the 
data would be made only after all the 
data were available. 

(d) There is a difference between the 
different kinds of material at the two 
locations. The relative order of failure 
of the different materials at each of the 
two test locations is not the same. 

(e) At Portsmouth, N. H. 
gages): 

The three types of material, high-phos- 
phorus steel, open-hearth iron, and basic 
open-hearth steel, in that order are con- 
sistent in their behavior in both gages. 
Considering the number of samples of 
wrought iron, the wrought iron has a 
lower life than the high-phosphorus 
steels. In the No. 16 gage open-hearth 
iron and the basic open-hearth steel and 
the wrought iron, the life has apparently 
been appreciably increased by the pres- 
ence of copper. This is not true in the 
case of the No. 22 gage. Other elements 
produce little if any difference. 

(f) At Key West, Fla. (both gages): 

The three types of material, high- 
phosphorus steel, open-hearth iron, and 
basic open-hearth steel are still con- 
sistent in their behavior in both gages 
but at this location the order is different 
from that at Portsmouth, and is as 
follows: 

1. Open-hearth iron 


(both 
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At this location the wrought iron, con- 
sidering the number of samples, has 


“3 about the same life. Here again the under test at both locations. 

| presence of copper has favorably affected (h) The open-hearth iron has lasted 

is the open-hearth iron, basic open-hearth longer than the basic open-hearth steel 
steel, and the wrought iron, and has had __in both the high- and low-copper groups. 

at little if any effect on the high-phosphorus 

to steel in the No. 16 gage. In the No. 22 Respectfully submitted on behalf of 
gage the effects of copper are less sig- the subcommittee, 
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he (g) With the exception of the high- ee Chairman. 

he 

th 

sic 

es. 

of 

a 

rus 

rth 

nd 

tly 

es- 

the 

nts 


‘D 
wt con esol off 


On Torat IMMERSION TESTS 105 
phosphorus steel, the addition of copper 
has increased the life of all the materials 
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COATINGS 


LOT be 


ON TESTS OF GALVANIZED SHEETS 


Galvanized Coatings on Sheets at Sandy 


Hook 

> Table I is an extension of tables shown 
in previous reports giving the record of 
coating failures at Sandy Hook, N. J. 
To date at this location, rust has been 
found on 104 out of the 108 specimens 
exposed there. This rack has been 
examined every year in April and 
October. Of the 104 specimens which 


4 by 6-in. specimens of (a) sheet zinc 
and (6) galvanized steel sheet were 
exposed vertically and at 30 deg. from 
the horizontal. A sample representing 
each of these conditions was to be ex- 
posed for six-month periods from (a) 
April to October, 1939, (b) from October, 
1939 to April, 1940, and (c) from April to 
October, 1940. Additional samples were 
to be exposed for twelve-month periods 


TABLE I.—RECORD OF COATING FAILURES ON SANDY HOOK, N. J., TEST RACK. 
SHEETS ExposEp May 20, 1926. 


Number 
> Description of 


Specimens | 


April, | Oct., il, | Oct., N Average 
1938, 1938, | 1939, 1939, Life of 
11.94 12.40 | 12.94 | 13.39 . Coating 
yr. yr. | yr. | yf. in Years 


- 16 gage, 2.50 oz. per sq. 
. 22 gage, 2.50 oz. per sq. 
. 22 gage, 2.00 oz. per sq. 
. 22 gage, 1 50 oz. per sq. 
. 22 gage, 1 25 oz. per sq. 
. 22 gage, 0.75 oz. per sq. 
. 28 gage, 0.75 oz. per sq. 


4 none 2 
2 


1 7 2 4 


Total failures to date................ 


91 98 100 104 


A detailed record of the coating failures observed at the inspections up to October 20, 1937, inclusive, appears in 
Table TIT of the 1938 Report, Proceedings, Vol. 38, Part I, p. 86 (1938). 
Figures shown in parentheses are not to be considered final. 


show rust there, 80 (or 77 per cent of the 
total number rusted) have been dis- 
covered at the inspections made in 
October. It was postulated by some 
members of the subcommittee that the 
activity of the atmosphere in this place 
was greater between April and October 
than it was between October and April. 
This point was considered worthy of a 
supplemental investigation. 
Accordingly, an experiment was 
started in 1939 in which samples of five 


from April, 1939, to April, 1940, and 
from October, 1939, to October, 1940. 
The data obtained from the first in- 
spection made in this supplemental 
investigation are shown in Table II. 
The specimens after exposure were 
cleaned free of corrosion products cathod- 
ically in a solution of disodium phos- 
phate following which the specimens 
were washed, dried, and reweighed. 

The loss of weight from the zinc sheet 
and from the galvanized steel sheet are 


(1933) 
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not significantly different. 
is being measured in both cases. 


Loss of zinc 
The 


TABLE II.—LOSS OF WEIGHT IN GRAMS FROM 
SAMPLES OF FIVE 4 BY 6-IN. SPECIMENS EX- 
POSED 0.48 YR. AT SANDY HOOK, N. J., FROM 
APRIL 18, 1939 TO OCTOBER 11, 1939% 


SP Exposed at 30 deg. | Exposed Vertically 
ef, Arith- | Standard| Arith- | Standard 
metic | Devia- metic Devia- 

Mean, X tion, ¢ Mean, X tion, ¢ 

Zinc sheet. ..| 0.0606 0.0047 0.0324 0.0040 

lvanized 

Cfteel sheet.| 0.0614 | 0.0051 | 0.0314 | 0.0068 
Average..... 0.0610 0.0049 0.0319 0.0054 


® For method of presentation, see A.S.T.M. Manual on 
Presentation of Data, Proceedings, Vol. 33, Part I, p. 451 
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Galvanized Coatings on Sheets at State ss 

College: 

Table III is an extension of similar 
tables shown in previous reports giving 
the record of coating failures at State 
College, Pa. It should be noted that 
at this locality the rusted sheets are 
still restricted to the lightest coating 
classes. 

Information on the activity of other 
test locations (as judged by time required | 
for the zinc to weather away sufficiently _ 
for rust to appear on the upper or 
exposed surface) has been given in 


(1933). (Also available as separate publication.) previous reports similar to Tables I ‘ 
TABLE III.—RECORD OF COATING FAILURES ON STATE COLLEGE, PA., TEST RACKS 
SHEETS Exposep Aprit 23, 1926. 7 
‘oti | Oct-19, | Aprils | April 28,| Oct.6, | xumber | Meck 
Description 4 1938, 1939, 1939, 
Specimens) 1937, 12.02 yr. | 13.00 13.49 yr of Coating 
in Test | 11.49 yr. | ¥ | Failures | in Years 
No. 16 gage, 2.50 oz. per sq. ft........... 12 none none none none none ssi 7 
No. 22 gage, 2.50 oz. per sq. ft........... 18 none none none none none meee 
No. 22 gage, 2.00 oz. per sq ft........... 18 | none none none none none pene 
No. 22 gage, 1.50 oz per sq. ft........... 18 none none none none none ee 
No. 22 gage, 1.25 oz. per sq. ft........... 18 1 1 none 2 4 ee 
No. 22 gage, 0.75 oz. per sq. ft........... 14 14 14 10.04 
No. 28 gage, 0.75 oz. per sq. ft........... 10 1 1 none 10 11.20 
108 2 1 2 
Total failures to date..................-. -- 23 25 26 28 28 


° A detailed record of the coating failures observed at the i pees up to October 19, 1937, inclusive, appears in Table 
IV of the 1938 Report, see Proceedings, Vol. 38, Part I, p. 87 (1938). 


samples exposed at 30 deg. from the 
horizontal have lost more weight than 
those exposed vertically. From a quali- 
tative examination of the pieces, the loss 
from the specimens exposed at 30 deg. 
was largely from the upper or exposed 
surface, whereas, the loss from the 
specimens exposed in the vertical posi- 
tion was divided about equally between 
the two surfaces. Evidence on the 
postulate which prompted this supple- 
mental investigation is not, of course, 
contained in the data from the first 
inspection; that will come by comparison 
of these data with those obtained sub- 

sequently. ins 


TABLE IV.—TIME REQUIRED FOR APPEARANCE OF 
RUST ON NO. 22 GAGE SPECIMENS AT FIVE 
TEST LOCATIONS. 


Location Time, yr.* 
1.89 
Brunot Island (Pittsburgh), Pa.... 2.18 
4.77 


® Average time required for first appearance of rust on 
upper surface of No. 22 gage specimen, 0.75 oz. per sq. ft. 
weight of coating class. 
> Estimated from condition of upper surface after ex- 
posure of 13.84 yr. Actually, only 3 specimens out of 14 
show any trace of such rust after that exposure. 


and IIT given here for Sandy Hook and 
State College. Table IV is included in 
this report to show briefly the relation 
of the five test locations in this respect. 
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Galvanized Sheets at Key West: 


The information in Table IV indicates 
that at Key West, Fla., the coating on 
the upper surface of the sheets still 
remains largely intact. The behavior 
of the coating on the exposed surface 
is not of the same economic significance 
at Key West as at the other test loca- 
tions. 

Perforation of the sheets takes place 
at Key West from the under surface in 
the region around the lower purlin while 
the coating on the upper surface re- 
mains intact. So far as we are able to 
tell, water hangs on the under surface 
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surface. These spots so far have been 
found exclusively around the lower 
purlin. The appearance of these spots 
of brown stain does not mean that the 
sheets have served their entire useful- 
ness as covering. This spot of brown 
stain is a very definite, readily observ- 
able point which precedes by some years 
the development of actual holes through 
the sheet. It is not subject to the mis- 
understanding that enters inspectors’ 
minds over an actual hole through a 
sheet which may have been brought 
about by some mechanical damage or 
exaggeration by too close scrutiny and 


TABLE V.—TIME IN YEARS AT WHICH THERE WAS FIRST INDICATION PERFORATION OF 
GALVANIZED SHEETS ON KEY WEST, FLA., TEST RACK 


SueEets Exposep June 9, 1926. 


Description Total 


29, 


Jan. 
1937, 


April 10, 
1940, 
13.84 yrs. 


March | March 
22, 1938, | 21, 1939, 
-| 11.79 yrs.| 12.79 yrs. 


Number | Average 
of Life 
Failures | in Years 


| 


. 16 gage, 2.50 oz. 
. 22 gage, 2.50 oz. 
. 22 gage, 2.00 oz. 
. 22 gage, 1.50 oz. 
. 22 gage, 1.25 oz. 
. 22 gage, 0.75 oz. 
. 28 gage, 0.75 oz. 


none | none 
none | none 
| | none 


none 

none 

none 
3 


(14.7) 

2 (13.6)* 
none | (12.1)* 
1 U2. 


‘otal failures to date ee | 


® Figures shown in parentheses are not to be considered final. 


of the sheets around the lower purlin 
for relatively long periods of time. This 
water may orignate from dew (which is 
quite heavy on still nights in Key West), 
or from wind-borne spray or from driven 
rain. In any event, exposure to this 
sort of thing breaks down the coating 
on the under side. The base metal so 
exposed starts to rust from the under 
surface and the rusting proceeds through 
the sheet from the bottom surface to 
the upper surface. Figures 1 and 2 
are illustrative of this condition. 

The first indication that corrosion 
has progressed through the sheet is seen 
as a spot of brown stain showing through 

the coating remaining on the upper 


pecking. Table V is a record of the 
time in years at which this indication of 
perforation yet-to-come of the gal- 
vanized sheets on the Key West rack 
was observed. 

Of the 44 specimens showing these 
brown-stained spots over the lower 
purlin, 26 (or 59 per cent) are on the 
east side of the rack. An examination 
of the under surfaces of the sheets on the 
two sides of the rack indicates the 
possibility that more damage is being 
done on the east side than on the west. 

While the condition at Key West is 
unusual in comparison with the four 
northern locations, the developments 
there are thought typical of the 
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deterioration observed in other tropical 
and semi-tropical places. The same 
sort of thing has been noted individu- 
ally by members of the sheet inspection 


surface. Although the coating fails 
on the under surface (too soon, some 
think), the protection given by the 
galvanized coating on the bottom sur- 


Fic. 2.—Under Surface of Same Sheet as Shown in Fig. 1. 


group on roofs in other parts of Florida, 
the Canal Zone and the Philippine Is- 
lands. 

So far as the present data go, it would 
appear that there is distinct value in the 
galvanized coating because its resistance 
to attack from the upper surface re- 
stricts damage of the base sheet to one 


face apparently is affected by the weight 
of the coating. 

In the 2.5-0z. coating class, no speci- 
mens yet show the brown stains. In 
the 2.0-oz. coating class, 5.6 per cent of 
the specimens now show the brown 
stains. In the 1.5-0z. coating class, 
61.1 per cent of the specimens show 


ters + inh 


. 
a 
“Va 
en 
er 
Its 
he 
ul- 
wn 
iti 
ypical Condition of Upper Surface of Sheet Showing Spots of Brown Stain. 3 a 
€ 


brown stains. In the 1.25-oz. class, 66.6 
per cent of the specimens show this 
condition. In the 0.75-oz. class, 85.7 
per cent show this condition. 

The test at Key West is still in 
progress and further observation cer- 
tainly will clarify those points of interest 
on which the inspection committee can 
only conjecture now. 


mittee III. Table VI shows the time in 
years which elapsed between exposure 
and the day on which perforation was 
found. 

These uncoated sheets were included 
in the galvanized sheet test to show the 
contribution of the galvanized coating 
to the life of the galvanized sheets. 
When data on perforation of the galva- 


TABLE VI.—TIME IN YEARS FOR PERFORATIONS OF No, 22 GAGE, BLACK SHEETs.* 


Average Chemical Composition 


Class of Material 


t 


Identification 


Phosphorus, 
per cent 

| Silicon, 

| per cen 
Copper, 
per cent 
Nickel, 
Molybdenum, 
per cent 
Brunot Island 
(Fittsburgh), Pa. 
Altoona, Pa. 
Key West, Fla. 


| 


Sandy Hook, N. J. 
| State College, Pa. 


$3 | per cent 


Open-hearth iron 
Open-hearth iron 
Open-hearth iron 
Open-hearth iron 
Open-hearth iron 


Open-hearth steel 
Open-hearth steel 
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0.003°) 3.00] 5 00) 3.62 


@ Blanks in table represent sheets that have not failed as yet. The material has been under observation for approximately 13.5 yr. 
> Average of determinations in one laboratory. 

© Less than 0.003 per cent; results of one laboratory. 

4 Less than 0.006 per cent; results of one laboratory. ya 


X Sheet lost due to breaking of straps. 


d 


Uncoated Sheets: 


At each of the five test locations, ten 
uncoated No. 22 gage sheets were 
exposed along with the galvanized 
sheets. These ten uncoated sheets 
represent the base-metal material ap- 

earing in the No. 22 gage galvanized 
sheets with several weights of coating. 
These uncoated sheet specimens have 
been inspected regularly for perforation R. F. PAssAno, 

according to the standards of Subcom- Chairman. 


nized sheets become available, these 
data on uncoated sheets will be essential 


to an understanding of the case. It is 
evident even now that the relative 
value of coating and base sheet depends 
on the location where the sheets are 
exposed. 


Respectfully submitted on behalf of 
the subcommittee, 
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MAGNETIC 


Committee A-6 on Magnetic Proper- 
ties has held two meetings since its pre- 
vious report: one in Atlantic City, N. J., 
on June 28, 1939, and one in Philadel- 
phia, Pa., on March 25, 1940. 

It is with deep regret that the resigna- 
tion of W. J. Shackelton of the Bell 
Telephone Laboratories has been ac- 
cepted. For many years he has made 
many valuable contributions to the 
work of thiscommittee. J. A. Ashworth 
has been appointed to succeed Mr. 
Shackelton. 

P. H. Dike of Leeds & Northrup Co. 
has been appointed chairman of Sub- 
committee I and as the representative 
of Committee A-6 on Committee E-8 
on Nomenclature and Definitions, suc- 
ceeding Mr. Shackelton. Mr. Ash- 
worth has been appointed to Subcom- 
mittees I and IV of Committee A-6. 
Mr. Sanford has been appointed a 
member of Subcommittee III. 

The present officers and members of 
the advisory committee were re-elected 
for the ensuing term of two years. 


REVISION OF TENTATIVE STANDARD 


The committee recommends that the 
Tentative Methods of Test for Measur- 
ing Interlamination Resistance and Lam- 
ination Factor of Iron and Steel (A 34 - 
39 T)! be revised as indicated below and 
continued as tentative. The proposed 
revision affects the test for interlamina- 
tion resistance. No change is being 
made in the procedure for lamination 
factor. No important criticisms of this 
particular method have been received 


1 1939 Book of A.S.T.M. Standards, Part I, p. 990. 
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but it is felt that a longer time than one 
year should be allowed for users to _ 
experiment with it and it is accordingly 
being continued as tentative. ; 

Section 3.—Change the first sentence | 
of Paragraph (a) to read as follows by — 
the addition of the italicized figure and 
the omission of the words and figure in 
brackets: 


The test specimen shall consist of 40 small | 
Epstein strips [weighing approximately 750 g., 
regardless of thickness,] 25 cm. (934 in.) in| 
length, and 3 + 0.02 cm. (13% + 0.01 in.) — 
in width, which shall be obtained from the Ep- 
stein core-loss test specimens. 


Following this section add a note to 
read as follows: 

Note.—This method of test applies prin- 
cipally to the commercial electrical sheet thick- 
nesses which are in the range of gages Nos. 24 
to 29 (0.025 to 0.014 in.); for thicknesses outside 
this range, the number of strips and any other 
modifications of the test procedure, depending 
upon the application, shall be agreed upon by 
the manufacturer and the purchaser. 


Section 4.—Add a new Paragraph (c) 
to read as follows, relettering the remain- 
ing paragraphs accordingly: 

(c) The specimen shall be subjected to a pre- 


loading pressure of 35.15 kg. per sq. cm. (500 
psi.) before applying any test pressures. 


In the present Paragraph (d) change 
the formula to read as follows by the 
addition of the italicized material and 
the omission of that in brackets: j 


AR [75R 


To the explanation of the symbol “S” 


following the 
figure “40.” 
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This sscaienaaitatias has been sub- 
mitted to letter ballot of the committee 
which consists of 25 members; 20 mem- 
bers returned their ballots, all of whom 
have voted affirmatively. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature and 
Definitions (P. H. Dike, chairman).— 
The only project before this subcom- 
mittee at present is a suggestion con- 
cerning the advisability of defining non- 
magnetic steel and its properties. Per- 
haps a better term than “nonmagnetic” 
steel can be found for ferrous materials 
having permeabilities departing only 
slightly from one. There is also the 
question as to what should be con- 
sidered the dividing line between non- 
magnetic and ferromagnetic steels. Sug- 
gestions on these points would be 
welcome. 

It is felt that the five definitions of 
incremental magnetic properties, ac- 
cepted last year for publication as a 
tentative revision of the Standard Defini- 
tions of Terms, with Units and Symbols, 
Relating to Magnetic Testing (A 127 - 
39), should be retained as tentative. 

Subcommittee III on Direct Current 
Test Methods (B. M.Smith, chairman).— 
Two high coercive force magnet steel 
bars of the Alnico type have been 
checked by the laboratories of the 
General Electric Co. and the National 
Bureau of Standards in this country, the 
Metropolitan Vickers Co. and the Na- 
tional Physical Laboratory in England, 
and the Physikalisch-Technische Reichs- 
anstalt and Allgemeine Elektrizitiats 
Gesellschaft in Germany. The residual 
induction values checked fairly well but 
there was some variation in the coercive 
force results as measured from a maxi- 
mum magnetizing force of 2000 oersteds. 
These variations were from 410 to 380. 
The highest values were obtained by the 
General Electric Co. and the Metro- 


politan Vickers Co., and the lowest by 
the National Bureau of Standards and 
the A.E.G. These figures are not as 
close as had been hoped, which can 
probably be accounted for by radically 
different methods of test. 

The General Electric Co. in collabora- 
tion with the National Bureau of Stand- 
ards is now testing a link sample by the 
ring method which will then be cut up, 
giving two bars which will be checked 
in standard permeameters. 

No standard method is available for 
the measurement of permeability of the 
so-called nonmagnetic steel materials, 
although various methods are known 
and in regular use. Subcommittee III 
will undertake the formulation of such 
test methods in the near future. 

Subcommittee IV on Alternating Cur- 
rent Test Methods (J. P. Barton, chair- 
man).—The method of measuring core 
losses and alternating-current permea- 
bility on small Epstein specimens has 
been established and specimens are now 
being tested by a number of laboratories 
to determine the reproducibility of the 
results. It is hoped that these tests 
will be completed in another year. 

Subcommittee V on Magnetic Analy- 
sis (A. V. de Forest, chairman).—This 
subcommittee has been inactive during 
the past year and the desirability of 
discontinuing it is being considered. 


This report has been submitted to 
letter ballot of the committee which 
consists of 25 members; 20 members 
returned their ballots, of whom 19 have 
voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
THOMAS SPOONER, 
Chairman. 
R.L.SANFORD, 
Secretary. G4. 
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REPORT OF COMMITTEE AT 
ON 
1- Committee A-7 on Malleable Iron _leable iron is also being presented at this 
e Castings held two meetings during the annual meeting entitled “Stress-Strain 
D, year, one in Atlantic City, N. J., on Relations for Malleable Cast Iron in 
d June 26, 1939, at which 14 members and _ Tension with Special Attention to Yield 
guests were present, and one in Detroit, Point Determination,” by R. D. Lan- 
or Mich., on March 5, 1940, at which 17 don of the Southern Methodist Uni- 
1€ members and guests were present. versity. 
s, The present membership of the com- Subcommittee VII on Welding had 
mn mittee now totals 36, of whom 16 are collected some information under the 
I classified as producers, 11 as consumers, chairmanship of E. E. Griest, but be- 
ch and 9 as general interest members; there cause of Mr. Griest’s resignation from 
are 2 consulting members. the Society it was necessary to start anew 
r- During the past year the work of the _ the work of this subcommittee, and this 
r- committee and subcommittees has been has been undertaken under the chair- 
re chiefly of a routine nature. However, manship of W. E. Jones of the Stockham 
a- Subcommittee VI on Pearlitic and Alloy Pipe and Fittings Co. It is expected 
aS Malleable Iron (C. F. Lauenstein, chair- that a report of progress will be made by 
w man) has followed the suggestion made this subcommittee at the meeting of 
eS at the last annual meeting that further Committee A-7 to be held during this 
1e information be obtained on the physical annual meeting. ¢ 
ts properties of pearlitic malleable irons. 
It has been felt that the Tentative Spec- The election of officers for the ensuing * x 
y- fications for Pearlitic Malleable Iron of two years resulted in the selec- 
is Castings (A 220-39 T) are too general tion of the following: pes ' 
1g and that they should cover more specific Chairman, F. L. Wolf. auNthey 
of physical properties. Through the aus- Vice-Chairman, J. J. Kanter, 
d. pices of Subcommittee VI arrangements Secretary, H. A. Schwartz. 
hapa moh for C. H. Lorig = the Battelle This report has been submitted to let- 
to a Institute to submit a paper ter ballot of the committee which consists 
ch pases the phy sical properties of pearl- of 36 members; 27 members returned 
TS ri malleable irons ae they are manu- their ballots, all of whom have voted af- _ 
actured today. This paper entitled Seciathnake 
“Properties of Commercial Pearlitic 
és Malleable Irons” is being presented at Respectfully submitted on behalf of _ 
this annual meeting. It is possible that of the committee, — , 
of Mr. Lorig’s paper will be the basis for _E. K. Sura, . 
further discussion and revision of Speci- at Chairman. 


fications A 220 - 39 T. 
Another paper on the subject of mal- 


ne in ASTM Buttetin, No. 105, August, 


ae 


H. A. Scrwartz, 


‘See 849, 
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REPORT OF COMMITTEE A-10 — 
ON 


JTRON-CHROMIUM, ITRON-CHROMIUM-NICKEL, AND RELATED 
ALLOYS 


Committee A-10 on Iron-Chromium, 
Iron-Chromium-Nickel, and Related Al- 
loys held one meeting during the year: 
in Detroit, Mich., on March 5, 1940, 
during the spring group meetings of the 
Society. 

Several changes in committee person- 
nel have occurred during the year, in- 
cluding two resignations and the election 
of several new members and alternates. 
The present membership is 81, of whom 
34 are classified as producers, 32 as 
consumers, and 15 as general interest 
members. 

Subsequent to the 1939 annual meet- 
ing, Committee A-10 presented to the 
Society through Committee E-10 on 
Standards a Tentative Recommended 
Practice for Conducting Plant Corrosion 
Tests (A 224-39 T). The recom- 
mended practice was accepted! by Com- 
mittee E-10 for publication as tentative 
on August 24, 1939, and appears in the 
1939 Book of A.S.T.M. Standards.? 

The preparation of specifications for 
bars, tubing, and wire has again been 
delayed or postponed for various rea- 
sons. Specifications for castings and 
strip products, adopted as standard last 
year, have not been altered; considera- 
tion is, however, being given to enlarge- 
ment of the sheet specifications and im- 

1In submitting this recommendation to Committee 
E-10 on Standards, Committee A-10 reported results of 
the letter ballot vote as follows: Of a total membership 
of 75, 48 members returned their ballots, of whom 43 voted 
affirmatively, 2 negatively, and 3 members marked their 


ballots “not votin; 
2 1939 Book of ae S.T.M. Standards, Part I, p. 909. 


provement of the castings specifications, 
as noted in more detail later in this 
report. 

Committee A-10 was recently informed 
of the death of Mr. J. J. Maher, alter- 
nate member of the committee represent- 
ing the American Chain Co., Inc. At 
the June meeting of the committee, a 
resolution was adopted expressing sym- 
pathy and regret at Mr. Maher’s un- 
timely passing. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Classification of 
Data (E. F. Cone, chairman; Russell 
Franks, secretary).—The data being 
compiled by this subcommittee are 
rapidly being correlated and assembled 
for -;ublication and will be referred to 
letter ballot of the committee shortly. 
The data include chemical analysis, me- 
chanical properties, heat treatment, etc., 
of the various stainless steels and are 
to replace and bring up to date similar 
information published by the Society 
in 1930.3 Nickel-base alloys are ex- 
cluded from the present data, which 
cover the more important grades of 
stainless steels. The nature of the in- 
formation to be included in the tables 
being prepared is such that every effort 
is being made to effect their publication 
by the Society as soon as possible. 

Subcommittee IV on Methods of Cor- 
rosion Testing (E. S. Taylerson, chair- 
man).—The special Subcommittee on 


* Proceedings, Am. Soc. Testing Mats., Vol. 30, Part I, 
Plates V to XV (1930). 
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Inspection of Stainless Steel Architectural 
Structures is to be continued for five 
years with another inspection at the end 
of that period. The first report of this 
subcommittee was published last year.‘ 

A supplementary report presenting the 
results of an examination of two formed 
sections of stainless steel removed from 
one of the buildings covered in the 1939 
report is presented in the Appendix. 

Tests on wire products under the juris- 
diction of Committee A-5 on Corrosion 
of Iron and Steel are being followed and 
cooperation is being continued. 

This subcommittee is responsible for 
the preparation of the Tentative Recom- 
mended Practice for Conducting Plant 
Corrosion Tests (A 224-39 T),? men- 
tioned earlier in this report. 

Further consideration is being given 
to a boiling liquid test procedure and 
general agreement of the members con- 
cerning this test should be reached 
shortly. The Tentative Method of Salt 
Spray Testing of Non-Ferrous Metals 
(B 117 — 39 T), developed by Commit- 
tee B-3, has been reviewed and although 
favorably received it will be further dis- 
cussed as to its applicability to mate- 
tials under the jurisdiction of Committee 
A-10. 

An extensive series of galvanic couple 
tests of stainless steels and other metals 
immersed in sea water and exposed to the 
atmosphere are being planned by Com- 
mittee B-3 following preliminary work 
of this nature undertaken about two 
years ago, wherein stainless alloys were 
coupled with nickel, zinc, and copper. 
Liaison with this work is being estab- 
lished, C. C. Snyder having been selected 
to represent Committee A-10. Assist- 
ance will be given by Committee A-10 
in selecting the proper types of stainless 
steel for test and following the actual 
tests. Atmospheric tests on stainless 


no Am. Soc. Testing Mats., Vol. 39, p. 197 
1939), 
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materials will not be considered by the 
committee in view of the various tests 
now being made by consumer and pro- 
ducer interests. 

Subcommittee V on Mechanical Tests 
(V. Krivobok, chairman).—This sub- 
committee is continuing its study of the 
mechanical and elastic properties of 
stainless steels. Some progress has been 
made and results have been secured but 
they are not yet ready for publication. 

Subcommitiee VI on Metallography 
(Russell Franks, chairman).—In con- 
tinuing its study of structural consti- 
tuents and etching of the 18 per cent 
chromium, 8 per cent nickel types of 
alloy steel, the subcommittee will con- 
duct tests for susceptibility to inter- 
granular corrosion and will correlate the 
results obtained with photomicrographs 
already prepared. This will be done on 
the original material if sufficient speci- 
men material is available; otherwise new 
material will be selected and heat treated 
as before. 
scopic work may be required. 

Additional etching experiments using 
the cyanide and Murakami’s etch tests 
to detect carbide are also proposed. 


Subcommittee VII on Welding (L.C. 


Bibber, chairman).—The principal duty 
of this subcommittee in the welding of 
stainless steel is to serve as a liaison 
group to keep Committee A-10 advised 


of the activities of other committees in- — 


terested in this subject. Subcommittee 
IV of the Engineering Research Foun- 
dation is a research committee interested 
in the welding of stainless steel, and has 
been the principal group with which 


Subcommittee VII has been keeping in _ 


close contact. 


A meeting of Subcommittee VII was 


held in Detroit, Mich., in March, 1939, 
at which the relation between the differ- 
ent groups was discussed. At this meet- 


en Am. Soc. Testing Mats., Vol. 39, p. 203 
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ing G. F. Jenks was desirous of knowing 

“A whether there was sufficient interest to 

«justify the formation of a committee in 

the American Welding Society to codify 

_ welding practices used in the building of 

high alloy steel structures. Subse- 

quently a meeting was called in New 

York, N. Y. and a committee was formed 

_ to be known as the Committee on Stand- 

ards for Fusion Welding High Alloy 

Steel Engineering Structures. Sub- 

committee VII is represented on this 

“committee as well as on Subcommittee 

IV of the Engineering Research Founda- 

tion, and will keep Committee A-10 ad- 

vised of the activities of these various 
groups. 

To further coordinate the work of 
Subcommittee VII with that of the 
American Welding Society and the En- 
gineering Research Foundation on weld- 
ing problems involved in stainless steel 
alloys, it has been proposed that the 
following be added to the personnel of 
Committee A-10: 

L. H. Johnson, chairman of the newly or- 
ganized American Welding Society Committee 
on Standards for Fusion Welding High Alloy 
Steel Engineering Structures, and 

LL. S. Hoyt, chairman of Committee IV on 


High Alloy Steels, Industrial Research Division, 
Welding Research Committee. 


_ As intimated, codification of welding 
practices used in building high alloy 
steel structures will be undertaken by 
these groups together with corrosion 
testing of welds, with Subcommittee VII 
assisting and advising whenever possible. 
Subcommittee VIII on Specifications 
for Wrought Products (F. B. Foley, 
chairman).—This subcommittee has 
been relatively inactive during the past 
year due to lack of demand for specifica- 
tions for bars and forgings. Considera- 
tion is being given to the formulation of 
specifications covering wire products. 
Subcommittee IX on Specifications for 
~ Flat Products (C. C. Snyder, chairman). 


—The following specifications for stain- 
less steel flat products have been adopted 
as standard and the subcommittee has 
found no need during the year to revise 
or change them: u 


Standard Specifications for: 


Corrosion-Resisting Chromium-Nickel Steel 
Sheet, Strip, and Plate (A 167 — 39), 

Corrosion-Resisting Chromium Steel Sheet 
Strip, and Plate (A 176 — 39), and 

High-Strength Corrosion-Resisting Chro- 
mium-Nickel Steel Sheet and _ Strip 
(A 177 — 39). 


Subcommittee IX is now engaged in 
the preparation of specifications cover- 
ing grades of chromium-nickel alloy 
steels to be used in the construction of 
unfired pressure vessels to meet the 
needs of the A.S.M.E. Boiler Code Com- 
mittee. A preliminary meeting to con- 
sider suggestions made by the Stain- 
less Steel Technical Committee has 
already been held following which Sub- 
committee IX completed proposed Ten- 
tative Specifications for Corrosion- 
Resisting Chromium-Nickel Steel Sheet, 
Strip, and Plate for Fusion-Welded Un- 
fired Pressure Vessels, which will be sub- 
mitted to the Society subsequent to the 
annual meeting.® 

Subcommittee X on Specifications for 
Castings (W. J. Jeffries, chairman). 
This subcommittee has condensed its 
original ten specifications for alloy-steel 
castings into the following four stand- 
ards: 
Standard Specifications for: 

20 per cent Chromium, 9 per cent Nickel 

Alloy-Steel Castings (A 198 — 39), 
Chromium Al!loy-Steel Castings (A 221 - 39), 
Chromium-Nickel  Alloy-Steel Castings 

(A 222 — 39), and 
Nickel-Chromium 

(A 223 - 39). 

Information on the utility of these 
standards and need for revision is to be 


6 See Editorial Note, p. 117. fh 


Alloy-Steel Castings 
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collected by means of a questionnaire 
to be directed to both consuming and 
producing interests. Following a study 
of the replies, the subcommittee plans to 
revise the existing standards, where 
necessary, to make them satisfactory to 
the greatest number of producers and 
consumers. 

Subcommittee XI on Specifications for 
Tubular Products (Newell Hamilton, 
chairman).—Specifications for tubular 
materials for high-temperature service, 
including stainless steel grades, have 
been prepared by Committee A-1 on 
Steel; these cover alloy-steel pipe and 
alloy-steel boiler and superheater tubes. 
A recent request for specifications to 


AND RELATED ALLOYS 


cover corrosion-resistant steel tubing is 
receiving consideration. 
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The present officers of the committee _ 


were re-elected for the ensuing term of 
two years. 


This report has been submitted to ; 
letter ballot of the committee which ~ 
consists of 81 members; 42 members _ 


returned their ballots, of whom 40 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
JEROME STRAUSS, 


Chairman, 


hes 


H. D. NEWELL, 
Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee A-10 presented to the So- 
ciety through Committee E-10 on Standards new Tentative Specifications for 
Corrosion-Resisting Chromium-Nickel Steel Sheet, Strip, and Plate for 
Fusion-Welded Unfired Pressure Vessels. These specifications were accepted 
by Committee E-10 on August 28, 1940, and appear in the 1940 Supplement to 
Book of A.S.T.M. eae Part I, p. 280 bearing: the eo 
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APPENDIX 
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pagal 
SUPPLEMEN TARY REPORT ON INSPECTION. OF STAINLESS ST STE) EL 
P ARCHITECTURAL STRUCTURES 


An opportunity was provided during 
the year to examine two stainless steel 
formed sections which had been removed 
from the Chrysler Building in New York 
City. An inspection of the stainless 
steel on this building made on December 
9, 1938, was discussed in the Report of 
Special Subcommittee on Inspection of 
Stainless Steel Architectural Structures.' 

_ The two No. 24 gage formed sections 
which had been damaged by icing during 
the winter were removed from the gar- 
goyles on the exterior of the building 


Sample No. 1.—Cold-worked austenitic 
structure. 


made in the laboratory of the chairman 
of the special committee. 

The results of the chemical analysis 
of the stainless steel sections are as 
follows: 


Sica, Chro- | Nick 
per cent pA 


45 0 055 
45 0.056 


17 50 
17.40 


The results of the chemical analyses 
indicate that both sections were 18 per 


Sample No. 2.—Coarse-grained austenitic 
structure. 


Fic. 1.—Material Etched (Electolytic) in Chromic Acid (X 100). 


after having been in service for eleven 
years. An examination, including a 
chemical analysis and the preparation of 
photomicrographs of both samples, was 


1 Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 197 
(1939). 


cent chromium, 8 per cent nickel alloy 
steel. The close similarity of the anal- 
yses on both samples indicates they 
were from the same heat of steel. Mi- 
croexamination revealed a relatively 
coarse-grained structure on both samples 
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as shown by the photomicrographs in 
Fig. 1. Numerous cold-worked areas 
which probably resulted from forming 
during fabrication were present on both 
sections. Both sections, except for me- 
chanical damage which had resulted 
from icing during the winter, were in 
excellent condition. There was no evi- 


bass 


sil 


dence of corrosive attack on any part of 7 
either section. 4 


Respectfully submitted on behalf of i 
the special subcommittee, 


C.C. SNYDER, 


Chairman, 


oh 


bed % 
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During the year the Research Com- 
mittee on Fatigue of Metals held a 
meeting at Detroit, Mich., on March 5, 
1940, during the spring meetings of 
A.S.T.M. committees. At this meeting 
the progress of the investigation of the 
effect of type of testing machine on 
results of fatigue tests was discussed, 
and plans laid for its further progress. 
Size effect was shown in the tests, and 
some evidence obtained indicating that 
the shape of cross-section of the speci- 
men modified the endurance limit. 

In carrying on the investigation of the 
effect of type of testing machine on 
fatigue test results, nine laboratories 
have been cooperating with the com- 
mittee as follows: 


U. S. Naval Aircraft Factory, Phila- 
delphia, Pa., 

U. S. Air Corps Laboratories, Wright 
Field, Dayton, Ohio, 

National Bureau of Standards, 
ington, D. C., 

Westinghouse Research Laboratories, 

East Pittsburgh, Pa., 


Wash- 


_ FATIGUE OF METALS | 


er 
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U. S. Naval Engineering Experiment 
Station, Annapolis, Md., 

University of Illinois, 

Massachusetts Inst. of Technology, 

American Steel Foundries, East Chicago, 
Ind., and 

Aluminum Research Laboratories, New 
Kensington, Pa. 


The Timken Roller Bearing Co., 
Canton, Ohio, and the American Rolling 
Mill Co., Middletown, Ohio, have fur- 
nished the committee with specially 
prepared lots of steel for the investiga- 
tion. 

An oral presentation of the results to 
date will be given at the 1940 annual 
meeting of the Society. 

The cooperation of the committee with 
Metals and Alloys in preparing and 
editing abstracts of articles on fatigue 
of metals has been continued. 


Respectfully submitted on behalf of 


the committee, 


H. F. Moore, 


Chairman. 
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ON 
EFFECT OF ‘TEMPERATURE ON THE PROPERTIES OF METALS 


PROGRESS REPORT TO THE SPONSOR SOCIETIES 


Meetings: 


During the past year, the Joint Re- 
search Committee on Effect of Tempera- 
ture on the Properties of Metals under 
the sponsorship of the American Society 
of Mechanical Engineers and the A.S.- 
T.M., held one meeting: on November 
3, 1939, in Columbus, Ohio. A second 
meeting of the committee will be held 
in June, 1940, in Atlantic City, N. J., 
prior to the presentation of this report 
at the annual meeting of the A.S.T.M. 
A number of meetings of project com- 
mittees have been held during the year. 


Finances: 


There appears in Table I a summary 
of the administration of funds during 
the past year, as of April 30, 1940. 

Expenditures. have been authorized 
and payments made to date on several 
research projects, as follows: 


Maximum Payment 
Expendi- Made 
ture 
Authorized 
Project No. 10—Tubular Members 
Subjected to Internal Pressures.. $3500 $1400 
Project No. 13 —Properties of Met- 
als at Low Temperatures....... 500 None 
Project No. 18 —Effect of Variables 
on the High-Temperature Prop- 
erties of Metals (Part 3)......... 4000 None 


Since the last progress report to the 
sponsors, Dean C. E. MacQuigg has 
been serving as chairman of the Finance 
Committee. Under Dean MacQuigg’s 
direction the committee is now engaged 
in soliciting funds from industry for the 
continuation of its research program. 
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To date the results of this solicitation 
are encouraging to the membership, 
indicating the continued interest and 
willingness to support the type of work 
being carried out by the committee. 
The committee hopes that further finan- 
cial support will be forthcoming during 
the present year in order that other 
important research activities may be 
instituted. 


Organization and Membership: 


There have been no changes in the 
membership of the Joint Research Com- 
mittee during the past year. Aside 
from the appointment of Dean C. E. 
MacQuigg as chairman of the Finance 
Committee, and of H. J. Kerr as 
the Chairman of Project No. 10, and 
the formation of Project Committees 
Nos. 24, 25, and 26, there have been no 
changes in the organization of the com- 
mittee. 

The present officers (N. L. Mochel, 
chairman; H. J. Kerr, vice-chairman; 
J. W. Bolton, secretary; and R. H. 
Aborn and H. J. French, members-at- 
large of the executive committee) have 
been re-elected to serve for another 
period of two years. 


Research Projects: 


There follows a summary of progress 
made in the various research projects 
during the year ending June, 1940. 
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Project No. 10 on Tubular Members 
Subjected to Internal Pressures (H. J. 
Kerr, chairman).—This project is a 
continuation of work previously re- 
ported,’ using the same general methods 
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tubular specimens subjected to internal 
pressures and four tension creep tests, 
on carbon-molybdenum steel, at tem- 
peratures of 900 and 1050 F. The 
estimated cost is $3500, a grant of $2000 


TABLE I.—SUMMARY OF RECEIPTS AND EXPENDITURES OF COMMITTEE FUNDS. 


Balance as of May 31, 1939, shown in 1939 


RECEIPTS 


1939 
September Interest on funds 


Refunds from University of Michigan: 


From Project No. 15 
From Project No. 17 


November The Engineering Foundation 
1940 


January The Engineering Foundation 
1939-40 Solicitation for funds 
1939-40 Solicitation for funds 
1939-40 Solicitation for funds 
A.S.T.M.-Refund on Project No. 11 
The Engineering Foundation 


February 
March 
April 


nus 1939-40 Solicitation for funds. . . 


Total Receipts............. 


_EXPENDITURES 


1939 


$3324.71 


Climax Molybdenum Co.—For Project No. 25............... 


June Battelle Memorial Institute (Project No. 18) 
July Battelle Memorial Institute (Project No. 18) 
Duplicating First Draft of Project No. 20 Report............ 


August 


Battelle Memorial Institute (Project No. 18) 


September Battelle Memorial Institute (Project No. 


October 
Ogilvie Press (letterheads) 
Mack Printing Co. (reprints) 


Battelle Memorial Institute (Project No. 


November Battelle Memorial Institute (Project No. 


December 


Battelle Memorial Institute (Project No. 


Battelle Memorial Institute (Project No. 
Battelle Memorial Institute (Project No. 
Battelle Memorial Institute (Project No. 
Massachusetts Inst. of Technology (Project No. 10)........... 


Expense of Finance Committee 


Battelle Memorial Institute (Project No. 18) : 


Mack Printing Co. (reprints) 
Total Expenditures 


Balance on hand, April 30, 1940...... 


and equipment, the work being carried 
out at the Massachusetts Institute of 
Technology by F. H. Norton. The 
project includes seven creep tests on 


1 F. H. Norton, ‘Creep in Tubular Pressure Vessels,” 
Transactions, Am. Soc. Mechanical Engrs., Vol. 61, pp. 
239 to 245, April, 1939. 


® 
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having been secured from the Engineer- 
ing Foundation, the remaining $1500 
being from funds provided by industry. 
The project is well under way at the 
present time. 

Project No. 13 on Properties of Metals 
at Low Temperatures (F. B. Foley, chair- 
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man).—Mr. Foley prepared a report? 
on the Round-Table Discussion of Effect 
of Subatmospheric Temperatures on the 
Properties of Metals held at Atlantic 
City, N. J., on Jung 27, 1939. 

The project committee has prepared 
special forms to facilitate the gathering 
of data on the properties of metals at 
low temperatures, and these will be dis- 
tributed to laboratories and industrial 
concerns during thetcoming year. 

Project No. 16 on Relaxation (E. L. 
Robinson, chairman).—In response to a 
growing need for reliable information 
on bolting performance at high temper- 
ature, Project No. 16 has offered to 
sponsor a session on this subject. 
Such a sessions will be organized if and 
when a suitable volume of data is in 
the hands of the subcommittee or offered 
for presentation. The holding of such 
a session and the publication of its 
proceedings would conclude all the 
activities at present contemplated for 
Project No. 106. 

Project No. 18 on Effect of Variables 
on the High-Temperature Properties of 
Metals (H. W. Gillett, chairman).— 
In Appendix V to its 1938 report,’ the 
committee presented the first progress 
report on this most important consider- 
ation. During the past two years, this 
research has been continued and a 
second progress report appears as Ap- 
pendix I to this report. 

The committee has arranged to con- 
tinue this investigation and has author- 
ized a further expenditure of $4000 to 
cover the work. 

The importance of the results of these 


2 F.B. Foley, ‘‘Résumé of Round-Table Discussion on 
Effect of Subatmospheric Temperatures on the Proper- 
ties of Metals,” Proceedings, Am. Soc. Testing Mats., Vol. 
39, p. 637 (1939). 

yril Stanley Smith, ‘Mechanical Properties of 
Copper = Alloys at Low Temperatures: a Review,”’ 

_ H. Habart and W. J. Herge, “‘Sub-Size Charpy Rela- 
tionships at Sub-Zero Temperatures,” Jbid., p. 649. 

_ Walter Crafts and John J. Egan, ‘‘Factors Affecting 
Notched-Bar Impact Tests on Steel at Low Tempera- 
tures,”’ [bid., p. 659. 

3 Howard C. Cross and J. G. Lowther, “Progress Re- 
port on Study of Effects of Manufacturing Variables on the 
Creep Resistance of Steels,” Proceedings, Am. Soc. Testing 
Mats., Vol. 38, Part I, p. 149 (1938). 


investigations to all organizations en- 
gaged in the manufacture and applica- 
tion of materials, or the preparation of 
specifications for materials for high- 
temperature service is apparent to all 
interested in the subject. 

Project No. 20 on Grain Size (R. H. 
Aborn, chairman).—This project com- 
mittee prepared an introduction to the 
subject of the grain size of steel, which 
has been published by one of the 
sponsors.* The committee believes that 
this presentation will be of value to en- 
gineers, especially to those who meet 
with and must consider the effect of 
grain size and structure on the high- 


temperature properties of steels. i 
Project No. 21 on Listing of High- 
Temperature Testing Equipment and 


Methods (G. F. Jenks, chairman).— 
This project committee has been in 
touch with all laboratories in the country 
known to be engaged in high-tempera- 

ture testing. Data from 54 laboratories . 
have been received and are now being 
indexed and assembled. 

Project No. 22 on Correlation of Data 
on K-20 Steel (P. E. McKinney, chairs 
man).—Since the preparation of this __ 
lot of 0.35 per cent carbon steel in 1935, 
wide use has been made of it in high- _ 
temperature testing. Probably no other © 
single lot of material has been tested 
in sO many ways and in so many labora- 
tories, and the results are useful, there- 
fore, in comparing or correlating test 
methods, laboratories, and in many 
other ways. The committee felt that 
it would serve a useful purpose to pre- 
pare a list of the various tests made on 
this material. This list, prepared by 
Project Committee No. 20, appears as 
Appendix II to this report. 

Project No. 23 on Non-Ferrous Metals 
and Alloys (A. B. Bagsar, chairman).— 
A considerable number of non-ferrous 
alloys are being used in various indus- 
tries at temperatures up to 1000 F. — 


4J. R. Vilella, ‘“The Grain Size of Steel,’’ Mechanical 
Engineering, April, 1940, p. 293. 
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However, no concordant data are avail- 
able in the literature on the high-tem- 
perature properties of these alloys and 
no correlated tests are now in progress 
in laboratories to obtain such data. 
Plans are being worked out for conduct- 
ing exploratory tests on a cooperative 
basis for studying some of the important 
properties of copper-base and _nickel- 
base alloys at high temperatures. 
Project No. 24 on Influence of Time, 
Temperature and Stress on the Properties 
of 0.50 per cent Molybdenum Steels 
(A. J. Herzig, chairman).—A project is 
in course of planning that will attempt 
to the boundaries of the 


be to premature failure. 


Tn. Project No. 25 on Comparison of 
Short-Time Test Methods (P. E. McKin- 
= chairman).-—A project is in course 
of planning that will compare the results 
a a number of so-called “short-time” 
test methods, and attempt to evaluate 
these methods in terms of their ability 
to forecast long-time (creep) test results. 
Several of the European short-time creep 

~ test methods will be included. 

Project No. 26 on Test Methods (J. W. 
Bolton, chairman).—The committee is 
recommending that the Tentative 
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Method of Test for Short- Tin ime Hi th- 
Temperature Tension Tests of Metallic 
Materials (E 21 — 37 T)° and the Tenta- 
tive Method of Test for Long-Time 
(Creep) High - Temperature Tension 


Tests of Metallic Materials (E 22 
38 T)® be continued as tentative for 
another year. A _ project committee 


has been appointed to study these test 
methods critically, with their adoption 
as standard in view. The project com- 
mittee will also consider the possible 
need for preparing other test methods. 


This report has been submitted to 
letter ballot of the committee which 
cons:sts of 22 members; 21 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the Joint Research Committee, 


N. L. Mocuet, 
Chairman. 
H. J. Kerr, 
\ice- 
W. BOLTON, | 
‘Secretary. 


5 1939 Book of A.S.T.M. Standards, Part I, pp. 1254 
and 1261, respectively. ne 
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STUDY OF EFFECTS OF VARIABLES ON THE CREEP 


est RESISTANCE OF STEELS Co 
ble PREPARED By H. C. Cross AND J. G. LoWTHER 


REPORT COVERING A SPONSORED RESEARCH PROJECT CARRIED OUTAT 


BATTELLE MEMORIAL INSTITUTE 


This progress report shows results of creep tests at 850 F. on two pure 
irons, one with 0.5 per cent silicon added; on steel from rimmed and silicon- 
killed ingots from the same heat (0.06 to 0.08 per cent carbon), and on a> 
rimmed steel (0.16 to 0.26 per cent carbon) and four different killed steels _ 
with 0.14 to 0.17 per cent carbon. 
All materials were heat treated to produce similar fine and coarse-grained : 

mM. structures for comparison of their relative creep resistance and to determine - 
| the effect of different deoxidation practices. 4 
mM. Heat treatment producing coarsening of a practically carbon-free pure 
iron and a pure iron containing 0.5 per cent silicon improved the creep re- 
sistance. Silicon-killed steel showed consistently better creep resistance 
than rimmed steel as heat treated to produce both fine- and coarse-grained 
material. In S.A.E. 1015 steels, silicon-killed steels are superior to silicon- 
1254 aluminum and aluminum-killed steels as fine grained or as slow cooled from 
the coarsening treatment used, while as air-cooled from the coarsening tem- 
perature the steels showed similar creep resistance. 

All steels showed improvement in creep resistance when air cooled from 
temperatures producing coarse-grained material as compared with air cooled 
from temperatures to produce fine-grained material with the greatest im- 
provement resulting in the aluminum-treated steels which were considerably 
poorer than the silicon-killed steels as fine grained. 


rie INTRODUCTION austenite grain as compared with the 

A previous progress report to the same steels with fine austenite grain. 
sponsor societies! indicated decided su- Steels of lower carbon content (0.10 
periority in creep resistance at 750, to 0.20 per cent) are also used for high- 
850, and 950 F. for carbon steels from temperature service so a study of the 


0. 27 to 0.58 per cent carbon with coarse ¢ffect of austenite grain size on their 
creep resistance was a logical step in 
C. Cross and 1. G. Lowther, ‘Progress Report on P 8 


Study of Effects of Manufacturing Variables on the Creep | the broad study of the variables affecting 4 


Resistance of Steels,”’ /’roceeding, Am. Soc. Testing Mat 
Vol. 38, Part I, p. 149 (1938). esumg®™S creep resistance. In ms the question 
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was raised as to whether the marked 
effect of austenite grain size on creep 
resistance would be present, less potent, 
or absent in carbonless pure iron, or 
whether the effect would be obtained 
only in steels containing appreciable 
amounts of carbon. 

Since the previous progress report 
indicated deoxidation practice and grain 
size as major variables in creep re- 
sistance, any study of lower carbon 

steels (0.10 to 0.20 per cent) should 
include silicon-killed, silicon-aluminum- 
killed, and aluminum-killed steels of 
otherwise similar chemical composition. 
Previous data? have indicated rimmed 
_ steel to be inferior in creep resistance to 
killed steel. The effect of variations 
_ in grain size were not studied in those 
experiments. Since different deoxida- 
tion and finishing practices are used 
in the production of rimmed and killed 
steels, different grain-coarsening charac- 
teristics are sure to be present. From 
both a fundamental and a practical 
standpoint it is necessary to determine 
_ whether the poorer creep resistance of 
rimmed steel is due to a finer austenite 
ae grain or whether the poorer properties 
st result from some effect of the steel 
= finishing practice not indicated by 
austenite grain size. 

Deep etching of rimmed steel billets 
shows well-defined skin and core areas 
differing in appearance as etched. These 
are due to progressive solidification 
and resulting segregation of rimmed 
steel. In the low carbon ranges (0.06 
per cent carbon), the carbon content is 
quite uniform but grain-coarsening char- 
acteristics of the core and skin are 
different. In the high carbon ranges 

(0.15 to 0.20 per cent carbon), marked 
carbon segregation also occurs. Deter- 
mination of the creep resistance of the 
skin and core material heat treated to 

2 A. E. White and C. L. Clark, “Cree Characteristics 


of Metals at Elevated Temperatures,” ransactions, Am. 
Soe. Steel Treating, Vol. 21, pp. 1-22 (1933). 


comparable grain sizes would give in- 
formation as to the variation in creep 
resistance across sections of rimmed 
steel. 

Irons and steels of appropriate analysis 
and methods of finishing and deoxidation 
have been obtained from several sources. 
This report presents the test data 
obtained during their study. 

SrEELS TESTED 

The steels studied are listed in Table ] 
along with their chemical composition 
and some details of their deoxidation 
practice. 

Through the courtesy of N. L. Mochel, 
T. D. Yensen, and the Westinghouse 
Electric and Manufacturing Co., very 
pure iron specimens were supplied. 
Pure iron 371-9 was obtained from a 
50-lb. ingot made by melting electrolytic 
iron under dry hydrogen. It had a 
carbon content of only 0.003 per cent. 
This pure iron was obtained so as to 
determine whether carbonless iron would 
show effects of austenite grain size on 
creep resistance similar to those shown 
by steels with appreciable amounts of 
carbon. Iron 371-8 was obtained by 
adding 0.5 per cent silicon to electrolytic 
iron deoxidized with carbon and decar- 
burized with moist hydrogen. Iron 
371-8 allows a study of the effect of 
silicon on the creep resistance of carbon- 
less iron heat treated to different grain 
sizes. Neither of the irons shows any 
carbides present, but the irons are not 
entirely free from oxide inclusions. 

Through the courtesy of J. H. Nead 
and the Inland Steel Co., 4 by 4-in. 
billets were supplied from rimmed and 
silicon-killed ingots taken from the 
same heat. Full details of the furnace 
practice were supplied. The ladle addi- 
tion for the whole heat was 80 per cent 
ferromanganese and } lb. per ton of 
aluminum. Ingot No. 4 supplied the 
billetjof rimmed steel. In the 22 by 
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24 by 72-in. mold used, 3 oz. of alumi- 
num were used to control the rimming 
action which was normal. Ingot No. 5 
supplied the billet of silicon-killed steel. 
Twelve pounds of 84 per cent ferrosilicon 
were added uniformly as the ingot (22 by 
24 by 72-in.) was poured. This killed 
the steel effectively and the ingot solidi- 
fied with a slightly bulged top. The 
carbon content of the rimmed steel was 
0.06 per cent, and of the silicon-killed 
steel 0.08 per cent. The silicon-killed 
steel contained 0.085 per cent silicon. 
The analyses showed very little differ- 
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segregation, analyzing 0.12 per cent car- 
bon at the bottom, 0.16 per cent carbon 
at the middle, and 0.16 per cent (skin) 
to 0.26 per cent (core) at the top of the 
ingot. Use of the top portion of the 
ingot permitted a study of the effect 
of the segregation in this rimmed-steel 
billet since test material was taken 
from both the skin and core. 

Through the courtesy of R. H. Aborn, 
and E. C. Wright, and the National 
Tube Co., 1-in. round bar stock was 
supplied from four S.A.E. 1015 heats 
of similar composition with 0.14 to 0.17 


TABLE I.—CHEMICAL COMPOSITION OF THE STEELS TESTED. 


Steel Identification and Deoxidation 


Chemical Composition, per cent 


Practice 
Carbon 


Manganese 


Silicon Sulfur {Phosphorus 


Pure iron—371-9 

0.5 per cent silicon iron 371-8 
Rimmed-core 

Rimmed-skin 
Silicon-killed-core 
Silicon-killed-skin 
Rimmed-core. 


228288 


26 
16 
-14 
15 
15 
17 


0.012° 
0.012° 
0.012 
0.012 


d 


h 


® Ladle, 0.008 per cent phosphorus. 


3 oz. aluminum used to control rimming action in 22 by 24 by 72-in. ingot in addition. 
© 12 lb. of 84 per cent ferrosilicon added uniformly as the ingot (22 by 24 by 72-in.) was poured. 


4 \ |b. per ton of ferrotitanium added to ladle. 


10 Ib. of 50 per cent ferrosilicon added per ton as ladle addition. 
7.6 lb. of 50 per cent ferrosilicon added per ton as ladle addition. 


1 Ib. aluminum per gross ton added as ladle addition. : 
2 lb. aluminum per gross ton added as ladle addition. ; 
Heat finished with 0.16 per cent silicon plus 2 lb. per ton of aluminum to produce fine grain. 


ence in composition between the core 
and skin of the silicon-killed billet. 
Deep etching of sections of the rimmed 
and silicon-killed billets showed a definite 
core only in the rimmed billet. Material 
from both the core and the skin of the 
rimmed steel and silicon steel was se- 
lected for test. 

The Inland Steel Co. also supplied a 
4 by 4-in. billet from a rimmed ingot 
with a higher carbon content than 0.06 
per cent. The ladle addition for this 
heat was ferromanganese and _ferro- 
titanium (3 lb. per ton). As was ex- 
pected, the ingot showed marked carbon 


killed and had 10 lb. of 50 per cent 
ferrosilicon per ton as a ladle addition. 
Heat 3194 was silicon-aluminum killed 
(7.6 lb. of 50 per cent ferrosilicon per 
ton and 1 |b. of aluminum per ton were 
added). Heat 5229 was completely 
aluminum killed with an addition of 2 
lb. of aluminum per ton. Heat 5280 
was silicon-aluminum killed (7.6 lb. of 
50 per cent ferrosilicon per ton) and 2 
Ib. of aluminum per ton were added. 
These four heats from the National 
Tube Co. were melted similarly except 
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provide an excellent means of comparing 
silicon- and aluminum-killed steels, and 
silicon-aluminum-killed steels to which 
varying amounts of aluminum were 
added. These four killed heats (0.14 
to 0.17 per cent carbon) can also be 
compared with the ‘skin material of the 
rimmed heat which contained 0.16 
per cent carbon. 
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method®. This spread in grain size was 
accompanied by significant differences 
in creep resistance of the various steels 
in the air-cooled condition. 

In the work on the steels herein 
reported, grain sizes as fine as 6 to 8 — 
were not always obtainable, so a fine 
austenite grain size of 5 to 7 and a 
coarse austenite grain size of 2 to 4. 
were produced in all steels as nearly as" 


CREEP TEST EQUIPMENT AND 


possible. 


£ 2 Ib. of aluminum per ton added. 


nace cooled. 


PROCEDURE 


Descriptions of the creep test equip- 
ment and procedure at Battelle Memor- 
ial Institute have been given previously, 
especially in reports to the sponsor 
societies of the joint committee and 
will not be repeated here.*:4 

Throughout the series of creep tests 
herein reported the requirements of the 


These austenite grain sizes 
are the result of the combination of the 
times and temperatures used in the 
various heat treatments which are shown 
in Table II. 

The best available discussion on the 
grain size of steel and its determination 
may be found in a recent paper prepared 
for the joint committee by Vilella of 
the Steel Corp.’ 


= 


AS.T.M. Tentative Method of Test for 
Long-Time (Creep) High-Temperature 
Tension Tests of Metallic Materials 


Most of the austenite grain sizes were 
determined using the gradient quench 
method in which small sections of the 


‘+, 


per hour to 1250 F., then fur 


= 


then cooled 40 F. 


* At 219 hr. 7 At 122 hr. 


* Furnace cooled from maximum temperature to 1575 F., 


h At 102 hr. test discontinued. 


(E 22-38 have been met or exceeded. 

As in the previous work reported 2 
yr. ago,’ 500-hr. creep tests were used 
to show extreme differences in creep 
propensities, but the use of such a short 
period herein is not to be construed as an 
endorsement of shortening the period 
for regular creep tests used for deter- 
mination of design loads. 


GRAIN-COARSENING EXPERIMENTS 


In the previous report, steels with 
carbon contents of from 0.27 to 0.58 
per cent carbon were heat treated to 
produce fine austenite grain size from 
6 to 8 and coarse austenite grain size 
from 2 to 4 as measured by the A.S.T.M. 


3H. W. Gillett and H. C. Cross, “Obtaining Reliable 
Values for Creep of Metals at High Temperatures,” 
Metals and Alloys, Vol. 4, July, 1933, pp. 91 98. 

‘H.C. Cross, “High Temperature Tensile, Creep, and 
Fatigue Properties of Cast and Wrought High and Low 
Carbon 18 Cr-8 Ni Type Steel from Split Heats,”’ Transac- 
tions, Am. Soc. Mechanical Engrs., Vol. 56, No. 7, July, 
1934,’p. 533. 

5 1939 Book of A.S.T.M. Standards, Part I, p. 1261. 


various steels were heated under the 
desired conditions of temperature and 
time and cooled by immersing in water 
about one-third to one-half of their 
length, allowing the remainder to cool 
in air. A longitudinal section was pol- 
ished and etched and the austenite grain 
size determined either from the area 
which was martensitic with a network 
of fine pearlite outlining the austenite 
grains, or from the area which was 
pearlite with a network of ferrite out- 
lining the austenite grains. 

This method is very inconsistent with 
steels of the low carbon contents investi- 
gated but it was the best method avail- 
able at the time most of the grain sizes 
were measured. Samples have since 
been obtained in which the austenite 


6 Tentative Classification of Austenite Grain Size in 
Steels (E 19 - 39 T), 1939 Book of A.S.T.M. Standards, 
Part I, p. 1175. 

7J.R. Vilella, ‘“The Grain Size of Steel,”’ Mechanical 
Engineering, Vol. 62, No. 4, April, 1940, pp. 293-307. 


— 
| 
| 
: 
— 


Pat 


371-9-2B heated 10 hr. in hydrogen at 
1830 F., slow cooled. Prior austenite 
grain size 0 to 2. 
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grain size 0 to 2. 
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_ Fic. 1.—Structure of Pure Iron as Tested, 0.003 per cent Carbon (X 100). 


371-9-1 heated 15 min. in hydrogen at 
1290 F., air cooled. Prior austenite 
grain size 5 to 8. 
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371-8-2A heated 10 hr. in hydrogen at : 371-8-2B heated 10 hr. in hydrogen at 
1830 F., air cooled. Prior austenite : 4 1830 F., slow cooled. Prior austenite 
grain size 0 to 2. grain size 0 to 2. 


Fic. 2.—Structure of Pure Iron Containing 0.5 per cent Silicon as Tested (X 100). 


371-8-1 heated 15 min. in hydrogen at 1290 F., air cooled. Prior austenite grain si ‘ . 
grain size apparently very large. aks 
7 fe 
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oie hove been outlined by the heat 
etching method described by Day and 
Austin® and by Vilella’ and in subse- 
quent work this method will be used. 
Table II shows the heat treatments 
used to produce the desired austenite 
grain sizes of 5 to 7 and 2 to 4, the ranges 
chosen as fine and coarse for purposes 
of the tests herein reported. It is not 
considered necessary to detail the trial 
heat treatments used on the various 
steels before the desired grain sizes were 
obtained. 


Heated 2 hr. at 1650 F. Prior austenite 
grain size 5 to 7. 


(40 per cent reduction). Specinien 
371-9-2A shows a very large ferrite 
grain size as heated at 1832 F. for 10 hr. 
in hydrogen. Notice that in this carbon- 
less iron the Widmanstaetten structure 
usually resulting from rapid cooling of 
coarse austenite containing carbon was 
not obtained. However, there is no 
reason to suspect that the ferrite does 
not approximately indicate the prior 
austenite grain size. Specimen 371-9-2B 
shows the structure of the iron slow 
cooled after heating at 1832 F. for 10 hr. 


000 F. Prior austenite 
grain size 2 to 4. 


Heated 2 


Fic. 3.—Prior Austenite Grain Sizes of Rimmed Steel, 0.06 per cent Carbon Core Material (X 100). 


Metallographic examination of the 
pure iron 371-9 and the 0.5 per cent 
silicon iron 371-8 was made at the 
research laboratory of the Westinghouse 
Electric and Manufacturing Co. The 


structures obtained on the three 371-9 


men 371-9-1 shows the 


irons tested are shown in Fig. 1. Speci- 


fine ferrite 


structure produced by air-cooling of the 
recrystallized iron resulting from heating 


15 min. at 1292 F. in hydrogen after 


cold forging from 1% in. to j-in. diameter 


of Revealing Austenite Grain Size,” 


8M. J. Day and J. B. Austin, “Heat Etching as a 
Transactions, 
Am. Soc. Metals (1939), —— 


and the austenite grain size appears 
about the same as for the air-cooled 
specimen 371-9-2A. This specimen 
shows veining within the large ferrite 
grains such as is usually formed in 
slowly cooled unalloyed iron. 

The structures obtained on the three 
371-8 pure irons containing 0.5 per cent 
silicon are shown in Fig. 2. With 
regard to specimen 371-8-1 it seems 
strange that the severe cold work to 
which these specimens were subjected 
after the hot forging and high-tempera- 
ture annealing should have failed to 
break con the large grains a as examina- 
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tion of the cold-forged bars showed 
to be the case. .The structures for 


371-8-2A and 2B aye very similar, both 
exhibiting veining to a marked degree. 


Core heated 2hr, at 1650 F., air cooled. Prior 
austenite grain size 5 to 7. 


Skin heated 2 hr. at 1650 F., air cooled. 
Prior austenite grain size 5 to 7. 
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austenite grain size and cooling rate on 
the actual structure as tested in creep. 


Figure 3 shows the austenite grain : 
sizes of the core of the rimmed steel _ 


Core heated 2 br. at 2000 F., air cooled. Prior 


austenite grain size 2 to 4. 


Skin heated 2 hr. at 1825 F., air cooled. 
Prior austenite grain size 2 to 4, some 5. 


;. 4.—Structures of Rimmed Steel, 0.06 per cent Carbon as Tested in Creep (X 100). Etched in - 
2 per cent Nital. 


In the following discussion on steels 
the austenite and ferrite grain sizes 
resulting from the heat treatments will 
be shown in adjacent figures to facilitate 
desc ription a and to indicate the effect of 


with 0.06 per cent carbon as tested. 


Heating for 2 hr. at 1650 F. produced 
a grain size of 5 to 7 in both core and 
skin material, but a higher temperature 
was ii aia for the core to coarsen 


133 
n 
e 
1- 
~ *"6 \ ; fe ) 
iree » 
ent Fr 
ith 
>ms 
7 
ted 
era- 
to 
ina- 


ta. 


to 2 to 4 than for the skin material. 
Since the austenite grain sizes of the skin 
material were similar, they are not 
shown, but are recorded in Table II. 
Figure 4 shows the actual structures 
of the core and the skin of the rimmed 
steel as tested. The ferrite grain size 
of the coarsened core material is slightly 
larger than the ferrite of the material 
treated to produce fine-grained austenite. 
With the low carbon content of 0.06 
per cent, the usual Widmanstaetten 
structure obtained on rapid cooling of 
material with coarse austenite grain is 


Heated 5 min. at 1625 F. Prior austenite 
grain size 5 and 6, some 7. 


faster than in the rimmed material 
which required 2 hr. instead of 5 min. 
to produce a grain size of 5 to 7 ai a 
temperature 25 F. higher. Likewise, 
lower temperatures were required to 
produce coarsening to 2 to 4 austenite 
grain size than for the rimmed steels 
in both the core and skin material. 

Figure 6 shows the actual structures 
of the core and skin of the silicon-killed 
steel as tested. In both core and skin 
material, the ferrite grain size is slightly 
larger when obtained from coarse than 
from fine austenite. 


Heated 2 hr. at 1850 F. Prior austenite 
grain size 2 to 4, some 5 


pies 5.—Prior Austenite Grain Sizes of Silicon-Killed Steel, 0.08 percent Carbon Core Material (X 100). 


not so apparent. The ferrite grain size 
of the skin material is about the same 
whether obtained from either coarse or 
fine austenite. 

Figure 5 shows the austenite grain 
= of the core of the silicon-killed steel 
with 0.08 per cent carbon as tested. 

Since the austenite grain sizes of the 
skin material were similar, they are not 
shown but are recorded in Table II. 
Heating at 1625 F. for 5 min. produced 
a grain size of 5 to 7 for both core and 
skin. Grain growth in the silicon-killed 
material is thus indicated to be much 


The austenite grain sizes of the rimmed 
steel with 0.16 per cent carbon in the 
skin and 0.26 per cent carbon in the core 
are not shown, but the heat treatments 
used and grain sizes obtained are shown 
in Table II. 

Figure 7 shows the actual structures 
of this higher-carbon rimmed steel as 
tested. The higher carbon content of 
the core material is apparent. With 
these higher carbon contents, the Wid- 
manstaetten type of structure is ob- 
tained as air-cooled from the coarsening 
temperature. 
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i Figure 8 shows the austenite grain was tested with a finer austenite grain 
l. sizes of the four S.A.E. 1015 steels as size than the other steels, because of its 
a tested in the fine-grained condition. tendency to form a few large grains 
5 Steels 5247 (silicon-killed) and 3194 when the temperature was raised above 
0 
in 
j G22 
Core heated 5 min. at 1625 F., air cooled. Prior Core heated 2 hr. at 1850 F., air cooled. 
austenite grain size 5 to 6, some 7. — Prior austenite grain size 2 to 4. 
0). 
red 
the 
ore 
nts 
wn 
Skin heated 5 min. at 1625 F., air cooled. Prior Skin heated 3 hr. at 1750 F., air cooled. Prior 
Ires austenite grain size 5 to 8, some 4. austenite grain size 2 to 4, some 1 and 5. 
as Fic. 6.—Structures of Silicon- Killed Steels, 0.08 per cent Carbon as Tested in Creep (X 100). 
of Etched in 2 per cent Nital. 
Tide (silicon-aluminum-killed, 1 lb. of alumi- 1600 F., in an effort to produce 5 to 7 
é num per ton) coarsen so readily that instead of the predominant grain size of 
ine only 5 min. at 1575 F. produced the 7 obtained in 10 min. at 1600 F. Steel 


desired fine austenite grain of 5 to 7. 5280 (silicon-aluminum-killed, 2 lb. of 
Steel 5229 (2 lb. of aluminum per ton) aluminum per ton) was the steel with 


| 
? 
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the greatest fine-grained tendencies, re- per ton—3194) the next highest, ‘he 

quiring 1 hr. at 1730 F. to produce an aluminum-killed steel (5229) with 2 lb. 

austenite grain size of 7 to 8. cea per ton the next highest, and the silicon- 


Core heated 5 min. at 1560 F., air ih Core heated 1 hr. at 2000 F., air cooled. 
Prior austenite grain size 5 to 7 Prior austenite grain size 2 to 4. 


Skin heated 2 min. at 1560 F., air cooled. Skin heated 1 hr. at 1950 F., air cooled. 
Prior austenite grain size 5 to 7. Prior austenite grain size 2 to 4. 


Fic. 7.—Structures of Rimmed steel as tested in Creep: Core, 0.26 per cent Carbon; Skin, 0.16 per 
cent Carbon (X 100). Etched in 2 per cent Nital. 


All four steels were coarsened to aluminum-killed steel (2 lb. of aluminum 
approximately 2 to 4 grain size as _ per ton—5280) with 1 hr. at 2000 F. 
_ shown in Fig. 9. Note that the silicon- the highest. 
a steel (5247) required the lowest In addition to determining the way 
temperature for coarsening, the silicon- the austenite grain size correlates with 
a killed steel (1 lb. of aluminum _ the creep resistance of these four S.A.E. 
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1015 steels, the effect of rate of cooling grain size were air cooled from the 
from the coarsening temperature on the coarsening temperature, while additional 
size and distribution of the ferrite and specimens were furnace cooled from the 
pearlite and the effect of the different coarsening temperature to 1575 F., 


silicon-killed, heated 5 min. at Steel 3194, with 1 lb. 
Prior austenite grain size of aluminum per ton added, heated 5 min. at 
5 to 7, some 4. 1575 F. Prior austenite grain size 5 to 7. 


Steel 5280, silicon-aluminum-killed, with 2 lb. 


of aluminum per ton added, heated 1 hr. at 
1730 F. Prior austenite grain size 7 to 8. 


Fic. 8.—Prior Austenite Grain Sizes of S.A.E. 1015 Steels (Fine Grained) (x 100). 


Steel 5229, aluminum-killed, with 2 lb. of alu- 
minum per ton added, heated 10 min. at 
1600 F. Prior austenite grain size 6 to 8. 


structures obtained jon the creep re- then furnace cooled at 40 F. per hour to 
sistance has also heen studied. All 1250 F., then furnace cooled to room _ 
steels heat treated to produce fine- temperature. The resulting —— 
grained austenite were air cooled. Some structures as subjected to creep test 
specimens coarsened to 2 to 4 austenite are shown in Figs. 10 and 11. 
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The marked similarity of the struc- 
tures obtained from austenite of similar 
grain size is at once apparent. These 
specimens, treated to produce fine aus- 


Steel 5247, silicon-killed, heated 144 hr. at 
1800 F. Prior austenite grain size 2 to 4. 


Steel 5229, aluminum-killed, 2 lb. of aluminum 
"per ton added, heated 2 hr. at 1950 F. Prior 
austenite grain size 2 to 4. 


manstaetten pattern which usually re- 
sults from rapid cooling of coarse aus- 
tenite grains. Those specimens which 
were coarsened and then slow cooled 


Steel 3194, silicon-aluminum-killed, with 1 lb. of 
aluminum per ton added, heated 2 hr. at 
1900 F. Prior austenite grain size 2 to 4. 


Steel 5280, silicon-aluminum-killed, with 2 lb. of 
aluminum per ton added, heated 1 hr. at 
2000 F. +a austenite grain size 2 to 4, 
some 1 and 5 


Fic. 9.—Prior Austenite Grain Sizes of S.A.E. 1015 Steels (Coarse Grained) (X 100). 


- tenite and then air cooled, show fine 
pearlite distribution. Those specimens 
_which were coarsened to a grain size of 


2 to 4 and then air cooled show the 


pearlite areas in the familiar Wid- 


show very large pearlite areas evenly 
distributed in a large-grained and equi- 
axed ferrite matrix. The ferrite grain 
size of the coarsened and air-cooled 
specimens is smaller than that of the 
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Structures of S.A.E. 
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slow-cooled specimens but its relation 
with regard to the ferrite grain size of 
the air-cooled specimens with fine austen- 
ite is difficult to determine. 

Room temperature tensile and impact 
properties have been determined for all 
of the steels as given the various heat 


(Scale for 371-8-1 and 371-9-1) 


rates of all the steels tested is shown in 
Fig. 19. 


Figure 12 shows the beneficial effect. _ 


accompanying coarse austenite grain 


size on the creep resistance of a prac- | 


tically carbon-free pure iron (0.003 per 
cent carbon) and a pure iron to which 
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Fic. 12.—Time-Deformhtion Curves at 6000 psi. aad 850 F. for Pure Iron 371-9 and Pure Iron with ie 


oC. 
O 100 200 300 400 500 600 0O 


100 200 300 400 500 600 


Time, hr. 


} 0.5 per cent Silicon, 371-8. 


treatments and these data will he dis- 
cussed later in this report. 
Creep Tests at 850 F. 


Since plain carton steels are infre- 
quently used in hig® temperature service 
above 850F., and since the previous 
tests' indicated similar effects of austen- 
ite grain size on creep resistance at 
750 and 950F. to those obtained at 
850 F., all creep tests herein reported 
were made at 850 F. Their creep test 
data are shown in Table II, and a 
graphical summary of the effect of heat 
treatment and grain size on the creep 


was added 0.5 per cent silicon. Note the 
fast rate of deformation of the fine- 
grained specimen 371-9-1 and the slower 
rates of the coarsened specimens. The 
rate of cooling from the temperature 
used to coarsen the iron also affects the 
creep resistance since the slow-cooled 
specimen (371-9-2B2) showed a rate 


almost nine times that of the air-cooled > 


specimen (371-9-2A). The structures 


in Fig. 1 do not show any noticeable 
difference due to cooling rate, but the 


This effect of cooling rate in the © 


. 
absence of carbon is important, since | 
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without these data similar effects of 
cooling rate on steels with 0.15 per cent 
carbon would likely be ascribed in part 
to the effect of the carbon present and its 
effect on the physical properties. 

Figure 12 also shows three creep tests 
on the pure iron containing 0.5 per cent 
silicon (371-8) when heat treated simi- 
larly to the pure iron 371-9. The 
superior creep rate of the coarsened and 


Air Cooled 
| Carbon -0.06 percent, 


Deformation , per cent 


2 


ua 100 200 300 400 500 600 700 
Time, hr. 
& 


Fic. 13.—Time-Deformation Curves at 
10,000 psi. and 850 F. for Rimmed Steel, 0.06 
per cent Carbon. 


monstrates the beneficial effect accom- 
panying coarse austenite grain size. 
Comparison of the creep rates of the two 
irons 371-9 and 371-8 (0.5 per cent silicon) 
shows that the addition of the 0.5 per 
cent silicon increased the creep resistance 
of the pure iron, both as fine and coarse 
grained. Even though the structure of 
specimen 371-8-1 air cooled after heating 
at 1292 F. was indicated to be coarse, 
the observed creep rate is as much faster 
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than those specimens heated to higher 
temperatures (1832 F.) as would be 
expected if the material were fine 
grained. As with the pure iron without 
silicon, specimen 371-8-2B with 0.5 per 
cent silicon shows a faster rate of creep 
after slow cooling from 1832 F. than as 
air cooled from 1832 F. 

These tests on the two pure irons 
indicate that the presence of carbon is 
not necessary for changes in austenite 
grain size to be accompanied by material 


| T | 
Specimens Air Cooled 
rbon -0.08 per cent 


Core Silicon - Killed 
Grain 5- some /625F-5min. 
~0.000225 per cent per hr. 


\ 


S. 
Grain 2-4 some 
“Rate 


-1-3 Core Silicon-Killed 
Grain 2-4 I850F.-2hr. | 
Rate -0.000/6 per cent per hr. 


QO 100 200 300 400 500 600 700 
Time, hr. 


Deformation , per cent 


Fic. 14.—Time-Deformation Curves at 10,000 
psi. and 850 F. for Silicon-Killed Steel, 0.08 per 
cent Carbon. 


changes in creep resistance. The pos 
sibility that the mode of existence of the 
carbon as affected by the various heat 
treatments is the sole cause of the 
differences in creep resistance is proved 
untenable. 

Figure 13 shows the time-deformation 
curves for the rimmed steel with 0.06 
per cent carbon. The rimmed steel 
was tested at a higher load than the 
pure iron, so the creep rates are not 
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directly comparable. As fine grained, 
the core material taken from the 4 by 
4in. rimmed steel bijlet shows better 
creep resistance thag material taken 
from the skin of the Hfllet. Coarsening 
of the austenite grain #nproves the creep 
resistance of both core and skin material 
slightly, but the improvement was less 
than is usually obtained by coarsening 
from a grain size from 5 to 7, to 2 to 4. 
The inferiority of rimmed steel in creep 
resistance as compaged with silicon- 
killed steel is due togsome other cause 
than austenite graiff size, since the 
marked improvement usually accom- 
panying the coarsening of steels of 
inferior creep resistance fails in the case 
of rimmed steels. Obviously the inferior 
properties are the result of the finishing 
practice peculiar to rimmed steel, but 
the exact cause is not apparent now. 
Several comments on this will be made 
later in the report after considering 
other data. 

Figure 14 shows the time-deformation 
curves for the silicon-killed steel with 
0.08 per cent carbon. Since deep etch- 
ing of the 4 by 4-in. billet section showed 
a uniform structure, large differences in 
creep resistance between skin and core 
materials were not expected and were 
not obtained. Some improvement in 
creep resistance accomipanied the coars- 
ening of the austenite grain but the 
differences were not large. As coarsened 
toa grain size of 2 to 4 the core and skin 
materials (specimens SI-1-3 and SI-1-4) 
show the same creep rate. 

Compared with the rimmed steel, the 
silicon-killed steel shows a superiority 
in creep rate as fine grained of 4 and 6 
to 1 for core and skin materials and as 
coarse grained of 4 and 12 to 1. 

Figure 15 shows the time-deformation 
curves for the rimmed steel with 0.16 
per cent carbon in the skin and 0.26 
per cent carbon in the core material. 
The effect of the difference of 0.10 per 
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cent carbon content in improving the 
creep resistance is clearly shown by the 
lower creep rates of the core material as 
compared with the skin material. As 
in the case of the rimmed steel with 
0.06 per cent carbon, coarsening pro- 
duced only a small reduction of the 
creep rate. These different creep data 
for core and skin give an idea as to the 
variation in creep properties over a 
section that could be obtained in the 
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Fic. 15.—Time-Deformation Curves at 15,000 


psi. and 850 F. for Rimmed Steel: Skin Ma- 
terial, 0.16 per cent Carbon; Core Material, 0.26 
per cent Carbon. 


use of high-carbon rimmed steel which 
is so susceptible to carbon segregation. 
The creep test data of this rimmed steel 
skin material with 0.16 per cent carbon 
are of value for comparing with data 
from the four killed steels of similar 
carbon content. 

Figure 16 shows the time-deformation 
curves of the four killed steels with 
0.14 to 0.17 per cent carbon as air 
-codled from the temperatures 
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y $229-19 Aluminum Killed, 

3.2 2/b. Aluminum per Ton Added 

_—Grain 1600 F-/Omin. 
Rate-0.0/4 per. cent per hr. 


5280-9 Silicon- Aluminum Killed, 
2b. Aluminum per Ton Added 
Grain 7-8 1730 F.-lhr. 
— per cent per hr. 
| | 


| 

5247-19 Silicon Killed 
Grain 5-7 1575 F-5min. 
Rate-0.000/29 per cent hry 


> 


oO 


3194-19 Silicon-Aluminum Killed, | | 
Aluminum per Ton Added 
Grain 5-7 IS75F-S5min. 
/ Rate-0.000/26 per cent per hr. y 


Deformation, per cent 
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Time, hr. 
Fic. 16.—Time-Deformation Curves at 15,000 psi. and 850 F. for Killed S.A.E. 1015 Steels. 


Tested as air cooled from temperatures producing fine austenite grain size. 
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Fic. 17.-Time-Deformation Curves at 15,000 psi. and 850 F. for Killed S.A.E. 1015 Steels. 


Tested as air cooled from temperatures producing coarse austenite grain size. 
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produced a fine austenite grain size in 
each steel. At the load of 15,000 psi., 
the silicon-killed (5247) and _ silicon- 
aluminum-killed (1 lb. of aluminum per 
ton) steels (3194) shows similar low 
creep rates of about 0.00013 per cent 
per hour. The aluminum-killed steel 
(5229) and the silicon-aluminum-killed 
steel (5280) (2 lb. of aluminum per ton) 
with similar fine austenite grain size as 


CREEP RESISTANCE OF 


fine grained, the effect begins with 
aluminum additions somewhere betwen 
1 and 2 |b. per ton, in steel of the type 
represented by this series. The mech- 
anism of this effect is not understood 
but it is probable that it is linked with 
the action of aluminum which gives a 
steel a fine-grained tendency and requires 
heating to higher temperatures to pro- 
duce a substantial coarsening than is 
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Fic. 18.—Time-Deformation Curves at 15,000 psi. and 850 F. for Killed S.A.E. 1015 Steels. 


Tested as slow cooled from temperatures producing coarse austenite grain size. 


the other two steels with no aluminum or 
low aluminun show a creep rate over 
100 times greater. Apparently the addi- 
tion of 2 lb. of aluminum per ton either 
in the absence of silicon or after the 
steel has been killed with 0.16 per cent 
silicon produces a steel of poor creep 
resistance in the fine-grained condition. 
Since steel with 1 lb. of aluminum per ton 
does not have poor creep resistance as 


7 


required in steels with lower aluminum a { 


additions. 


Figure 17 shows the time-deformation 


curves of the four killed steels as air 
cooled from temperatures which pro- 
duced a coarse austenite grain size 
(2 to 4) in each steel. The first tests on 
steels 5247, 5229, and 3194 were run at 
10,000 psi. for about 545 hr. The rates 
a esnaimeia at this load were low so 
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the loads were increased to 15,000 psi. 


and the tests continued for an additional 
$60 hr. Specimen 5280 was tested only 
at 15,000 psi. Coarsening of the austen- 
ite grain size followed by air cooling 


_ produced similar creep resistance in all 
steels. 


The silicon-killed steel 
(5247) showed a rate of 0.000045 per 


cent per hour, the silicon-aluminum- 


! _ killed steel with 1 lb. of aluminum per 


H 


num. As compared with the creep rate 
as fine grained, steels 5247 and 3194 as 
coarsened show a reduction in rate of 
about 3to1. Steels 5229 and 5280 with 
2 lb. of aluminum per ton as coarsened 
show reductions in creep rate of over 
200to1. The heat treatment producing 
coarsening of the austenite grain size 
of the steels containing 2 lb. per ton of 
aluminum apparently eliminated the 
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Fic. 19.—Effect of Heat Treatment and Resultant Austenite and Ferrite Grain on Creep Rates 
at 850 F. 


ton (3194) showed 0.000035 per cent per 
hour, while both the plain aluminum- 
killed steel (5229) and the silicon- 
aluminum-killed steel with 2 lb. of 
aluminum per ton (5280) showed a 
rate of 0.00006 per cent per hour. 
Even as coarsened, the steels with 
small or no aluminum additions show 
slightly better creep, resistance than the 
other steels with 2 lb. per ton of alumi- 


condition which contributes to their 
poor creep resistance in the fine-grained 
condition, while coarsening of the steels 
with none or 1 Ib. of aluminum per ton 
only slightly improved the creep resist- 
ance which was already good in the 
fine-grained condition. 

Figure 18 shows the time-deformation 
curves of the four killed steels as slow- 
cooled from temperatures which pro- 
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On EFFECTS OF VARIABLES ON 


duced a coarse austenite grain size (2 to 
4) in each steel. Figures 11 and 12 
show the Widmanstaetten structure ob- 
tained on air cooling of coarse austenite 
and the coarse ferrite and pearlite dis- 
tribution obtained on slow cooling of 
coarse austenite. The slow-cooled sili- 
con-killed steel (5247) and the silicon- 
aluminum-killed steel with 1 lb. of 
aluminum per ton (3194) show creep 
rates about double those shown as air 
cooled while the plain aluminum-killed 
steel shows a creep rate 15 times greater 
and the silicon-aluminum-killed steel 
with 2 lb. of aluminum per ton shows a 
creep rate over 250 times greater. Note 
that the greater increase in creep rate 
was obtained in the steel treated with 
2 lb. of aluminum per ton which con- 
tained the silicon. This checks the 
usual observation that steels of increased 
fine-grained characteristics are produced 
by substantial additions of aluminum.in 
those steels which have been previously 
deoxidized with silicon. 

Attention is again called to Fig. 19 
which permits a rapid appraisal of the 
relative effects of the heat treatments 
and grain size in the steels with different 
furnace practice and deoxidation on the 
creep rates at 850 F. The rate of creep 
is plotted on a logarithmic scale so that 
reference to the ordinate is necessary in 
comparing rates. 


DISCUSSION OF RESULTS i 
S.A.E. 1015 Steels: a 


The simultaneous effects of composi- 
tion, deoxidation practice, heat treat- 
ment and its resultant austenite grain 
size and ferrite grain size produce creep 
test data that are difficult to explain 
when the test data for the whole series 
of irons and steels tested are considered. 

Any hypotheses offered as possible 
explanations of the observed data must 
always consider the fact that coarsening 
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of the austenite grain size of a very pure 

iron produced a significant increase in — 
creep resistance and that this improve- __ 
ment was somewhat lessened by slow 
cooling rather than air cooling from the 
coarsening temperature. In addition to _ 
the condition imposed by the effect of i 
changing only the grain size of the pure 
iron, any hypotheses must also explain | 
the mechanism by which rimmed or _ 
aluminum-killed steels are poor in creep 
resistance as compared with silicon- _ 
killed steels in the fine-grained condition 
but possess also the property of inhibit- _ a 
ing grain growth. 

In the literature are conflicting state- 
ments and opinions regarding the role 
played by aluminum in inhibiting grain 
growth. Some investigators hold to the ~ 
theory that aluminum forms nonmetallic 
inclusions that mechanically obstruct 
grain growth while others think the 
excess aluminum over that required for 
deoxidation, which is in solution in the 
ferrite, has either an effect on carbide 
solution in ferrite and austenite or a 
grain boundary effect, either or both > 
of which inhibit grain growth. _ 

Since larger differences in creep re- 
sistance were shown by the four S.A.E. 

1015 steels with different deoxidation 
practices, these will be discussed first 


and any hypotheses developed from their 
consideration applied to the other steels 


later. 

_ Two outstanding facts are to be noted. 
The two steels (5229 and 5280) treated 
with 2 lb. of aluminum per ton showed 
huge differences in creep resistance re- 
sulting from the various heat treatments 
used and previously described. The 
silicon-killed and the silicon-aluminum- 
killed steel, one without aluminum 
(5247) and the other with 1 lb. of alumi- 
num per ton (3194) showed small differ- 
ences in creep resistance due to the 
effect of the heat treatments and were 
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with temperature in either. That is, the 


idea is put forth that austenite and 
ferrite each have power to take into 


consistently better than steels treated 


_ with 2 lb. of aluminum per ton. 
_ It isapparent that the condition which 


coar 
app! 


- accounts for the superiority of the silicon- solid solution certain nonmetallics as 
ie killed steel or the silicon-aluminum-killed the temperature rises, and to reject them the | 
_ steel is little affected by drastic changes from solution as the temperature ialls. enin 
This is analogous to precipitation-hard- k 
: From the small effects on creep rates ening phenomena in general. Different rate 
—«G or 5 to 1) of the addition of silicon nonmetallics would have different de- and 
to pure iron, it does not seem likely that grees of solubility and precipitability, s fu 
ai the be cari creep resistance of the sili- and the solvent power of austenite and the 
of ferrite would differ. ines 
dile (5247 and 3194) is due to the It will be recalled that the four steels T 
_ strengthening effect of silicon in ferrite. furnished by the National Tube Co. on 
_It seems much more possible that sub- were heated to 1650F. for 1 hr. and sho’ 
microscopic inclusions finely dispersed air cooled. According to this hypothe- ve 
_ throughout the grains and formed from sis, the aluminum-treated steels when San 
74 silicon (whatever their composition) are reheated and air cooled as in the heat wie 
_ responsible for the superior creep re- treatments for fine austenite grain size an 
: _ sistance. Steels 5247 and 3194 showed as given in this report would reject mate 
_ a decrease in creep rate when coarsened, grain growth inhibitor to the grain ing 
of about 3to1. Pure iron 371-9showed boundaries of the newly formed austen- Sion 
_ areduction in creep rate when coarsened ite, leaving some distributed within the pe 
of 80 to 1 and even though the pure grains. If the temperatures used to ——" 
_ iron was coarsened to a larger grain size, produce fine-grained austenite were not oe 
the effect of heat treatment was greater sufficiently high and the times insuff- i : 
in this pure iron, thus illustrating even ciently long to take a sufficient quantity dine 
‘more strikingly the stability of the con- of inhibitor into solution before air the 
cooling, adequate separation of pre- obt: 

resistance of the silicon-killed steels. cipitate and consequent strengthening 

It would appear that even in this carbon- of the grains to slip would not occur, tine 
less iron, some factors other than grain and inferior creep resistance, as com- 319 
_ size are responsible for the large differ- pared with the silicon-killed steels, would eee 
ence in creep resistance due to the heat result. Such a mechanism seems to fit Ap} 
the creep test data. was 

the austenite grain. When these aluminum-killed steels fun 
The poor creep resistance as fine are heated above their coarsening tem- wit 
grained of the steels treated with 2 lb. perature to produce austenite grain size in 
per ton of aluminum may be due to the of 2 to 4, according to Dorn and Harder att 
size and location of the grain growth = salty all grain growth inhibitor is sili 
inhibitor present in the steel. Dorn and P 
; : taken into solution and when air cooled po 
Harder® postulated that this grain- he inhibi 
growth inhibitor in aluminum-killed the inhibitor is precipitated dispersec 
steels was soluble in both ferrite and throughout the grains. In this condi- ; 
austenite, with the solubility increasing “0? good creep resistance would be 
: expected, and, as is shown in Table I oli 
ree nes, DOR, and 0. E. Harder, “Relation of Pre- and Fig. 9, such was the case. After sili 
actions, Am. Soc. Metals, Vol. 26, p. 106 (1938)... =treatment which produced 
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coarsening, all four of the steels showed 
approximately the same creep resistance. 

As has been described, the four steels 
were also tested as slow cooled from 
the temperatures which produced coars- 
ening. The silicon-killed steels with no 
or low aluminum show increases in creep 
rate as compared with the coarsened 
and air-cooled steels of about 2 to 1, 
a further indication of the stability of 
the condition contributing to their good 
creep resistance. 

The plain aluminum-killed steel 
showed an increase in creep rate of 
about 15 to 1, but the rate was still 
much lower than was obtained in the 
fine-grained condition. The silicon-alu- 
minum-killed steel treated with 2 lb. per 
ton of aluminum showed the same creep 
rate when slow cooled from the coarsen- 
ing temperature as was obtained in the 
fine-grained condition. During this slow 
cooling from the coarsening temperature, 
it might be postulated that the grain 
growth inhibitor precipitates out in the 
grain boundaries and agglomerates, and 
since less inhibitor is dispersed within 
the grain poorer creep resistance is 
obtained. 

It is natural to inquire why the addi- 
tion of 1 lb. per ton of aluminum to steel 
3194 after treating with silicon did not 
adversely affect its creep’ properties. 
Apparently this amount of aluminum 
was not sufficient to carry out the other 
functions of aluminum in combining 
with nitrogen, sulfur, and with oxygen 
in other forms, and leave enough to 
attack and eliminate submicroscopic 
silicon-containing inclusions which are 
postulated to contribute to the good 
creep resistance of the silicon-killed 
steels. 

The addition of 2 lb. per ton of 
aluminum to steel 5280 completely 
eliminated the condition that gives 
silicon-killed steels its good creep re- 
sistance as Aluminura is 
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a powerful deoxidizer and has a strong 
affinity for nitrogen and sulfur as well. 


It has been shown to attack and elimi- 
nate silicon-containing inclusions of a — 


size that are visible. It is reasonable 
to assume then that aluminum will also 
eliminate the unseen silicon-containing 
inclusions which may account for good — 
creep resistance. 

At first it was thought that the poor 
creep resistance of the aluminum-killed 
steel 5229 might be due to the specific — 
lack of silicon when the good properties 


ie 


of the other two silicon and silicon- 


aluminum-killed steels were considered. 


The study of steel 5280 which contained 


both silicon and aluminum shows that a 
sufficient quantity of aluminum wipes — 


out the beneficial effects of the dian 


when the steel is tested in the fine- 
grained condition. 


No reasons can be offered for the | 


better creep resistance as slow cooled 


from the coarsening temperature of the _ 
plain aluminum-killed steel (5229) as 


compared with the silicon-aluminum- 
killed steel (5280) also treated with 


2 lb. of aluminum per ton, unless it is 


postulated that straight aluminum inclu- 


sions and more complex silicon-alumi- — 
num inclusions have different solubilities 
and are rejected in different fashion on _ 


cooling. 


It should be clear from these creep 


test data obtained at comparable austen- 
ite grain sizes and with similar structures 
as tested that grain sizes as such are not 
the controlling factors in determining 
creep resistance but are the outward or 
pyrometric indication of the heat treat- 
ment given to the steel which produced 
the observed creep test effects. It will 
be recalled that, in work previously re- 
ported,’ a fine-grained vanadium steel 
was shown to be highly creep resistant. 

10 H.C. Cross and J.G Lowther, ‘‘Progress Report on 
Study of Effects of Manufacturing Variables on the Creep 


Resistance of Steels,’’ Proceedings, Am. Soc. Testing 
Mats., Vol. 38, Part I, p. 149 (1938). 
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No doubt grain size as such is a con- 
tributing factor but there are indications 
that its effects may be minor rather than 
major. These relationships are em- 
phasized when the austenite grain sizes 
shown in Figs. 8 and 9 and the actual 
structures as tested shown in Figs. 10 
and 11 are re-examined. It should be 
obvious that any comparisons of creep 
resistance with austenite grain size 
should be made with a comparable cool- 
ing rate using similar size sections in 
all cases. The difference in structure 
between the air-cooled and slow-cooled 
coarsened S.A.E. 1015 steels are striking, 
yet the creep resistance for these two 
treatments in steels 5247 and 3194 differ 
very little and steels 5229 and 5280 differ 
widely. Certainly one would never 
suspect from examination of either the 
austenite or ferrite grain sizes of steels 
5247 (silicon-killed) and 5280 (silicon- 
aluminum killed, 2 lb. of aluminum per 
ton) as shown in Figs. 8, 9, and 11 
that such huge differences in creep re- 
sistance exist between them as are 
shown in Table II and Figs. 16 and 18. 
Neither would one suspect from the 
structures of steel 5280 as coarsened and 
slow cooled and as fine grained and air 
cooled (Fig. 11) that both show the 
same creep resistance. 


Rimmed and Silicon-Killed Steels: 


It has been shown that the silicon- 
killed steel with 0.08 per cent carbon 
possesses consistently better creep re- 
sistance than the rimmed steel with 
0.06 per cent carbon and that coarsening 
and air cooling of the rimmed steel 
resulted in some improvement but not 
of the magnitude obtained in coarsening 
and air cooling of steels treated with 
2 lb. of aluminum per ton. As in the 


silicon-killed S.A.E. 1015 steels, the 
lower carbon silicon-killed steel possesses 
good creep resistance little improved 
by heat treatment producing coarsening, 


raat 


again indicating stability “a the cause 
of the better properties as compared 
with the rimmed steel. The higher 
temperatures required for coarsening of 
the rimmed steel suggest that in the 
absence of appreciable quantities of 
aluminum some other material is react- 
ing to inhibit grain growth, which 
however does not produce as fine a 
dispersion of grain inhibiting material 
when rapidly cooled from the coarsening 
temperature and hence not as good 
resistance to deformation within the 
grains. The silicon-killed steel shows 
slightly higher tensile and yield strengths 
and slightly lower ductility and impact 
resistance as compared with the rimmed 
steel. 

The higher carbon rimmed steel with 
0.16 per cent carbon in the skin and 
0.26 per cent carbon in the core likewise 
show little improvement by rapid cooling 
from the coarsening temperature. It is 
of interest to compare the creep resist- 
ance of the skin of this rimmed steel 
(0.16 per cent carbon) with the S.A.E. 
1015 steels heat treated to the same 
austenite grain sizes both fine and 
coarse. In the fine-grained condition 
this rimmed steel is inferior to the 
silicon-killed steel 5247 (no aluminum) 
and the silicon-aluminum-killed steel 
3194 (1 lb. of aluminum per ton) but 
superior to the two steels 5229 and 
5280 treated with 2 lb. of aluminum 
per ton. As air cooled from the tem- 
perature producing coarsening _ this 
rimmed steel is much inferior to any of 
the four killed steels. 

It shculd be pointed out that Jenkins, 
et al." reported an acid open-hearth steel 
“FE” of 0.19 per cent carbon, 0.40 per cent 
manganese, 0.08 per cent si'icon of poor 
creep resistance as normalized, which was 


uC, H. M. Jenkins, H. J. Tapsell, G. A Mellor, and 
A. E. Johnson, ‘‘Some Aspects of the Behavior of Carbon 
and Molybdenum Steels at High Temperatures,’’ Trans- 


actions, Chem. Eng. Conference of the World Power Con- 


ference (London), Vol. 1, pp. 122-162 (1936). 
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not improved by the coarsening process poor creep resistance reported. This 
applied by these authors. A pieceofthis case is mentioned to show that something 
steel, supplied through the courtesy of else than presence of silicon and absence 
C,H. Desch, was analyzed for aluminum of aluminum in too great amounts, and 
by the U. S. Steel Corporation Research something else than grain size, are in- 
laboratory. The analyses show no_ volved in creep behavior. 


TABLE III.—ROOM TEMPERATURE PHYSICAL Peers OF THE FINE-GRAINED AND 
COARSE-GRAINED STEEL 


Elon- | Reduc- 
gation | tion of | Charpy 


Austenite Yield 
® in 2in.,| Area, Impact, 


ASTM. | Point, 


ASEM. | | 


Car- 
Steel Designation and bon, 
Specimen Number per Heat Treatment 
cent 
RI Rimmed steel—core....| 0.06 | 1650 F., 2 hr. 
Rimmed steel—core....| 0.06 | 2000 F., 2 hr. ols coat 
RI Rimmed steel—skin....| 0.06 | 1650 F., hr. 
RI Rimmed steel—skin....| 0.06 | 1825 F., 2 hr. 
SI Silicon-killed—core....| 0.08 | 1625 F., 5 min. 
SI Silicon-killed—core....| 0.08 | 1850 F., 2 hr. — 
SI Silicon-killed—skin....| 0.08 | 1625 F., 5 min. 
SI Silicon-killed—skin....| 0.08 | 1750 F., 3 hr. 
9B Rimmed steel—core....| 0.26 | 1560 F., 5 min.) 
8B Rimmed steel —core....| 0.26 | 2000 F., 1 hr 
12C Rimmed steel—skin....| 0.16 | 1560 F., 2 min 
3B ~©Rimmed steel—skin....} 0.16 | 1950 F., 1 hr. 
5247 Silicon-killed.......... 0.14 | 1575 F., 5 min., air cool 
5247 Silicon-killed.......... 0.14 | 1800 F., 114 hr., air cool 
5247 Silicon-killed.......... 0.14 | 1800 F., 1) hr., then® 


3194 Silicon-aluminum 
killed 11b. of alumi- 
num per ton......... 0.15 | 1575 F., 5 min., air cool 

3194 Silicon-aluminum 
killed 11]b. of alumi- 
num per ton......... 0.15 | 1900 F., 2 hr., air cool 

3194 Silicon-aluminum 
killed alumi- 


num per 0.15 | 1900 F., 2 hr., then® 
“eae 0.15 | 1600 F., 10min., air cool 


et. 0.15 | 1950 F., 2hr., air cool 


‘| 0.15 1950 F., 2 hr., then® 

5280 Silicon-aluminum 
killed—2 Ib. of alumi- 
: num per ton......... 0.17 | 1730 F., 1 hr., air cool 
5280 Silicon aluminum 
killed—2 Ib. of alumi- 
num per ton......... 0.17 | 2000 F., 1 hr., air cool 


5280 Silicon-aluminum 
killed—2 lb. of alumi- 
num per ton......... 0.17 | 2000 F., 1 hr., then® 


5 to7 39275 | 49700 | 45.8 74.4 56 
2to4 32 875 | 48675 | 45.5 73.8 54 
5 to7 37775 | 45925 | 49.5 80.2 57 
2to4 34 225 | 44440 49.3 79.9 

some 5 

5 to 6 39 800 | 52800; 45.0 73.4 55 
some 7 

2to4 35940 | 51950) 44.8 71.4 53 
5 to8 42 300 | 52100 | 45.0 72.5 55 


some 4 
2to4 31 675 | 51375 | 44.2 71.0 54 
some 1 & 5 

5 to7 44400 | 62425 41.0 65.3 38 
2to4 36 660 | 61800} 40.7 65.0 34 
5 to7 31 500 | 50000 | 49.0 74.8 

2to4 32 300 | 50050 | 48.0 74.2 56 
5 to7 41000 | 58415 | 42.0 69.3 51 
some 4 

2to4 34125 | 58250} 41.3 68.7 51 
2to4 34190 | 55575 | 30.8 62.6 25 


5 to7 41675 | 59175 | 42.3 70.5 53 
2 to4 36790 | 58700 | 41.0 68.8 51 


2to4 28 750 | 52975 | 33.5 62.8 22 


6 to8 37975 | 54500 | 45.3 72.4 
mostly 7 


2to4 29775 | 55500 | 42.5 68.7 
2to4 22725 | 50000 | 39.5 63.3 23 


7 to8 47400 | 60525 | 42.7 70.6 51 


80% 2 to 4| 36800 | 60625 | 41.0 66.4 41 
some 1 & 5 


80% 2 to4)| 27175 | 54850 39.5 61.2 32 
some 1&5 


* Furnace cooled from maximum temperature to 1575 F., then cooled 40 F. per hour to 1250 F., then furnace cooled. 


indication of any aluminum addition. 
Deep etching shows no core such as 
would appear in a rimmed steel. Thus 
this steel appears to be a killed or semi- 
killed steel, of suitable silicon content 
for good creep resistance rather than the 


On the hypothesis that some silicon- 
containing nonmetallic constituent is 
needed, the presence of the oxygen, 
nitrogen, sulfur, or whatever other ele- 
ment or elements enter the nonmetallic 
inclusion, is as important as the sili¢bn 
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itself. The presence and availability of 
such other elements will depend upon 
the steel-making technique used. Un- 
fortunately, the British workers do not 
know the melting history of their steel, 
so that finding out what not to do in 
order to keep from producing steel like 
the British specimen remains a matter 
for experiment. 


Room TEMPERATURE PHYSICAL PROP- 
__ ERTIES OF THE STEELS AS FINE 
_ GRAINED AND COARSE GRAINED 


Table III shows the available room 


_ temperature physical properties of the 


various steels tested. Due to the limited 
quantity of material available, no room 
temperature physical properties were 
obtained on the carbonless irons as 
tested in creep. 

Coarsening of the austenite grain size 
which produced only small changes in 
creep resistance for the rimmed steel 


and silicon-killed steel with 0.06 and 


— & 


0.08 per cent carbon likewise produced 


only minor changes in physical prop- 


erties. Some lowering of the yield 
strengths resulted, but the tensile 
strengths, ductility, and impact resist- 
ance were little affected by coarsening 
and were quite similar for both steels. 

For the rimmed steel with core of 
0.26 per cent carbon and skin of 0.16 
per cent carbon coarsening produced 
little change in creep or physical prop- 
erties except yield strength for the core 
material, but in the skin material better 
creep as coarsened was accompanied by 
no change in physical properties. 

As heat treated to produce both fine- 
and coarse-grained skin material, this 
rimmed steel with 0.16 per cent carbon 
shows slightly lower strength, higher 
ductility and impact resistance than 
the four S.A.E. 1015: steels while its 
creep resistance as fine grained was 
better than steels 5229 and 5280 treated 
with 2 Ib. of ton. 


As heat treated to produce the fine. 
grained condition, all four S.A.E. 1015 
steels show about the same tensile 
strength, elongation, reduction of area, 
and impact resistance while steel 5289 
which was silicon-a!uminum killed (2 lb, 
of aluminum per ton) shows a yield 
strength higher than the other three. 
Yet this steel 5280 with the best tensile 
and yield strength was the poorest in 
creep resistance. As air cooled from the 
coarsening temperature, the tensile 
strengths for all four steels are about 
the same and similar to the values as 
fine grained. The yield strengths are 
all lower, the ductilities are about the 
same, and the impact resistance of the 
steels with 2 lb. of aluminum per ton 
(5229 and 5280) is lower, yet the four 
steels are all better in creep resistance 
than in the fine-grained condition. As 
slow cooled from the coarsening tem- 
perature, the tensile strengths are similar 
and slightly lower than for the air-cooled 
fine or coarse-grained condition; the 
steels with 2 lb. of aluminum per ton 
added show somewhat lower yield 
strengths and impact resistance but 
higher elongations than the other two 
steels. These data show that the creep 
resistance of the various steels given 
the various heat treatments could not 
be predicted from their room-temper- 
ature physical properties. 

It should be noted that although in 
several cases coarsening followed by 
slow cooling produced lower impact re- 
sistance as compared with the other 
treatments, the lowest value obtained 
was 22 ft-lb.—still quite high enough 
not to be considered lacking in shock 


resistance. 
SUMMARY gis 


Creep tests at 850 F. on a very pure 
almost carbon-free iron have shown that 
air cooling from a temperature producing 
appreciable coarsening of the austenite 
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grain results in marked improvement in 
creep resistance and some but lesser 
improvement as slow cooled. 

Similar heat treatments of a pure 
iron containing 0.5 per cent silicon pro- 
duced similar improvements in creep 
resistance and the iron containing the 
silicon showed the better creep resist 
ance. 

Heat treatments producing coarsening 
of a rimmed steel (0.06 per cent carbon) 
and a silicon-killed steel (0.08 per cent 
carbon) resulted in,;small improvements 
in creep resistance. The silicon-killed 
steel was consistently superior to the 
rimmed steel. 

A higher carbon rimmed steel showed 
marked carbon segregation with 0.16 
per cent carbon in the skin and 0.26 
per cent in the core. Coarsening was of 
little effect in the core material, but 
considerable improvement in creep re- 
sistance resulted from coarsening of the 
skin material. 

Four S.A.E. 1015 steels with different 
final additions were tested as air cooled 
from a temperature producing fine 
austenite grain and as both air cooled 
and slow cooled from a temperature 
producing coarse austenite grain. 

In the fine-grained condition, the 
silicon-killed steel and the silicon-alumi- 
num-killed steel with 1 lb. of aluminum 
per ton added are far superior in creep 
resistance to the two steels containing 
2 lb. of aluminum per ton whether with 
or without silicon. 

As air cooled from the coarsening 
temperature, all four S.A.E. 1015 steels 
show similar creep resistance. As slow 
cooled from the coarsening temperature 
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num per ton are again inferior to the 

two silicon and silicon-aluminum-killed 
steels with none or 1 Ib. of aluminum Re 
per ton. It is apparent that the effect 
of aluminum in amounts of 2 lb. per 7 
ton is to eliminate or markedly reduce Yr i 
the good creep resistance of silicon- — aa 


the two steels containing 2 Ib. of alumi- E 


These data clearly indicate that 
austenite grain size is not the only | om 
variable affecting creep resistance and : 
that it may be only the external indica- 


tion of the maximum temperature of | 
heat treatment which has caused other _ 
changes not indicated by the structures | 
to occur. Any complete discussion of 
the effect of heat treatment and austen- _ 

ite grain size on creep resistance requires 
inclusion of the mode of cooling from 
the heat treatment temperatures used. 

Widely differing creep resistance was 
obtained in several of the steels, and _ 
these differences could not be predicted — 
from a study either of their structures or — 
their physical properties as tested in 
tension. 

The creep test continues to be one 
of the most sensitive means of detecting 
differences between steels apparently of 
similar properties when tested in other 
ways. This report concerns progress in 
a long-time program of the joint com- | 
mittee in which study of the relative 
effects of variables on creep resistance _ 
will be continued. Among these vari- __ 
ables, grain size, carbon content and | 
distribution, and the postulated sub- — 
microscopic nonmetallic constituents, 
appear to deserve special consideration. 
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Mr. A. Napat.'—I wish to commend 
the authors for this most important re- 
port on the influence of metallurgical 
factors on the creep of steel. By ob- 
serving the creep rates in tension tests, 
powerful means become available for the 
studies of steels. It seems that the creep 
rates offer the new mechanical quantities 
which may serve for determining quanti- 
_ tatively the effects of heat treatments 
and some of the obscure and not yet 
better understood phenomena which 
- occur later in metals under stress at 
elevated temperatures. 

Another point that I should like to 
mention refers to whether the authors 
believe that creep in some of their in- 
vestigated materials does not so much 
occur in the grain boundaries but in the 
interior of the grains. Silicon was men- 
tioned as one of the important materials 
present influencing the creep of steels. 
This points to the fact that it would be 
interesting to investigate further the in- 
fluence of some of the minutely dis- 
tributed constituents, whether present 
in the boundaries or in the interior of 


the grains. I think that such work as 
the authors have done throws important 


and metallurgists are interested, namely, 
what are the observable changes in the 
structure of a metal, what is the mecha- 
nism of these changes while a metal 
creeps, or more probably what are the 
various mechanisms associated with the 
slow continuous flow of the metals under 
stress at elevated temperatures; several 


? Consulting Engineer, Westinghouse Research Labo- 
ratories, Westinghouse Electric and Manufacturing Co., 
East Pittsburgh, Pa. 
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things happen at the same time in the 
complex structure of an alloy which 
need te be distinguished as the possible 
causes contributing to continuous flow. 

The creep problem is an example of a 
complex group of questions. Although 
I am interested more in the mechanical 
end of it and in the laws which must 
connect stress with rate of strain, with 
strain and with time, I think that it 
should be realized that various types of 
flow exist according to the processes 
occurring in the structure, about which 
much information similar to that fur- 
nished by the authors is still needed. 

Mr. J. M. LesseEtrs.2—It is interest- 
ing to note that the authors have been 
continuing investigations on the same ma- 
terial as used by Mr. Jenkins in England. 
All those who are interested in rational- 
izing creep data were rather disconcerted 
with the findings of Jenkins since the 
variations found seemed to indicate the 
hopelessness of such a task. The authors 
now appear to be able to explain the 
inconsistencies found by Mr. Jenkins 
and I should like to ask whether he 
has seen the present paper since his 
observations on the authors’ interpre- 
tation would be of interest. 

Mr. | 
differ with the authors in one or two 


points, I trust I may be forgiven. They | 


speak of the fact that the use of 0.5 
per cent silicon in almost carbonless iron 
would not be responsible for the increase 
in the creep rate because of the silicon 


_ * Associate Professor of Mechanical Engineering, En- 
Gacees Dept., Massachusetts Institute of Technology, 
Cambridge, Mass. 

3 Professor of Metallurgical Engineering, Lehigh Uni- 
versity, Bethlehem, Pa. 
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strengthening the ferrite. That metal 
js almost pure ferrite, and we do not 
know how much silicon will strengthen 
ferrite at 850 F., but it seems to me that 
a great deal of that strengthening is due 
to the silicon strengthening the ferrite; 
furthermore the authors will notice, that 
when you have the high silicon the iron 


the does not begin to stretch even at the 
rich very beginning, indicating that it is not 
ible strain hardening that has precipitated 
low. something in there and lessened creep, 
ofa but that the material itself does not 
ugh begin to stretch the way it does in every 
ical other case. There is one other point 
aust which I should like to bring up: I do 
with not know whether the authors intended 
t it it or not, but it seems to me that it 
Ss of would be a mistake at this stage to try 
SSeS to minimize the effect of grain size by 
hich saying that the effect of grain size on 
fur- creep resistance may be merely an indi- 


d. cation of something else. I believe that 


rest it is almost universally accepted that a 
peen large grain size, whether obtained by 
ma- high heating or because the steel does 
and. not have inherent small grain size, gives a 
ynal- better creep resistance than a steel with 
rted a small grain size. At a meeting some 


the time ago the question of grain size was 
brought up and it was stated that where 
the temperature was below the equi- 
the cohesive temperature, the grain size 


kins might not be important but where it was 
r he above the equicohesive temperature the 
, his @ grain size was a large factor. 
rpre- I know that the authors did not say 
definitely that grain size was not im- 
4 portant in itself, but I would dislike to 
two see that factor minimized. It seems to 
They @ me it is of very great importance in 
0.5 connection with creep resistance. 
iron Mr. Francis B. Fo.ey.*—I wonder 
rease how the authors support their precipita- 
licon § tion theory on the basis of the results 
z, En fy Obtained with pure iron. They have 
nology, 
h Uni- ‘Superintendent of Research, The Midvale Co., 


Philadelphia, Pa. 
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not said what does precipitate, but here 
we have this pure iron with rapid cooling 
and coarse grain, producing the best 
creep rate, air cooling producing an 
intermediate creep rate, and slow cooling 
producing a rapid creep rate. There is 
nothing to support the idea that the 
rate of cooling is bringing about a pre- 
cipitation. I suppose that the idea is 
that in rapid cooling the precipitant is i: 
kept in solution and not precipitated at __ 
the temperature of creep testing. 

Mr. H. W. Gittettr.’—There was one 
piece of evidence presented 2 yr. ago 
that I think should be recalled. We 
brought that evidence in very inten- 
tionally, early in the game, so that we 
would not go off half-cocked on this 
idea that grain size was everything. 
That evidence is the fact that a fine- 
grained vanadium steel is good in creep. 

We are basing the present working 
hypothesis, which is only a hypothesis, 
partly on the fact that in vanadium 
steel the fine-grained metal has good 
creep resistance and is only a little im- 
proved by coarsening. 

We are all accustomed to recognize 
vanadium as a hardening element. We 
know about secondary hardness in high- — 
speed steel and plain vanadium steel, 
and we also know, from the use of 
vanadium for strengthening, that it has 
the habit of coming out where you want 
it, probably within the grain rather than 
at the grain boundary. 

Another strong point in thisargument | 
is the very nice work Mr. Miller and 
coworkers at the U. S. Steel Corp. 
laboratories did on molybdenum steel; 
they showed actual signs of a “‘pepper- 
ing” or precipitation through the grain 
in a creep-resistant steel—not the most 
creep resistant, but quite creep resistant 
—and they noted that if they used a 
heat treatment that would be expected __ 
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visible as “pepper,” 
thing seems to tie up and be logically 


little more about it. 
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inclusions, that was still better than 
when they agglomerated them into the 
> so the whole 


explained on the basis of just plain 
precipitation hardening, except for the 
one English steel. Now let us think a 
Most of our creep- 
resistant steels seem to be strengthened 
by some kind of acarbide. The carbides 


tend to agglomerate and spheroidize. 


What is spheroidization but one of the 
precipitation-hardening effects? If, in 


_ the nonmetallic material present in steel 
_ we have a material which is only slightly 


soluble, less soluble than carbide, and 
agglomerable only with difficulty, per- 
haps if we put the right kind of non- 
metallic dirt in our steel, we will have a 
creep-resistant steel that you cannot 
spheroidize and cannot weaken. If the 
hypothesis has any correctness at all, 


and if we find out how to put in a non- 


metallic material which will go into and 


' out of solution in the proper way, per- 
_ haps we can produce a more stable steel 


_ for general creep resistance than we have 


at the present time. Possibly we want 


- to consider the intentional production 


of the right type of soluble and pre- 
cipitable nonmetallic material. This 
hypothesis is certainly incomplete—it 


. _ may be incorrect—but it should serve 


as a working guide to use in finding 
out whether things fall in line or not. 
Mr. R. W. Emerson.*—After hearing 
this paper, I have come to the conclusion 
that in order to produce better creep 
properties in steel, air cooling is to be 
preferred to furnace cooling, and a coarse 


grain size (2 to 4) is preferable to one 


which is fine (6 to 8). 
questions in my mind. 

The present Tentative Specifications 
for Carbon-Molybdenum Alloy-Steel 


This raises two 


6 Metallurgist, Pittsburgh Pi and Equipment Co. 
Pittsburgh, Pa. 


Pipe for Service at Temperatures from 
750 to 1000 F. (A 206 - 40 T)’ specify 
or perhaps infer that the pipe shall be 
furnace cooled from 1700F. at a rate 
not to exceed 50 F. per hr. I wonder 
whether this is correct, or whether we 
should be normalizing (air cooling) the 
pipe from the coarsening temperature. 

The authors have shown that a grain 
size of 2 to 4 imparts better creep prop- 
erties to steel than when the steel is 
of exceedingly fine grain (6 to 8). 
Specifications A 206 call for a grain size 
of 3 to 6 after annealing from 1700F. 
Seldom, if ever, does a No. 3 grain 
develop with only a minimum number of 
No. 4 being obtained after a 1700F. 
coarsening treatment. 

Approximately 75 per cent of the 
material will be made up of Nos. 5 and 6, 
the remaining material consisting of 
grain size Nos. 4 and 7. If it would 
be advantageous to obtain a more coarse- 
grained material than is generally ob- 
tainable under the existing Specifica- 
tions A 206-40 T, I believe it will be 
necessary to use a coarsening temper- 
ature somewhat above 1700 F. 

Mr. P. G. McVetrty.*—In reporting 
this investigation, the authors have set 
a standard which other investigators 
should attempt to follow, in trying to 
give, as clearly as possible, all of the 
factors which might influence the inter- 
pretation of the results. Correlation of 
creep data from different sources is 
difficult under the most favorable condi- 
tions, and this paper indicates reasons 
for some of the discrepancies which 
have been observed. ‘The tests of pure 
iron specimens of similar structure in 
which slow cooling gave a creep rate 
almost nine times that obtained after air 
cooling indicate the importance of know- 
ing the complete past history of test 


PH a Supplement to Book of A.S.T.M. Standards, 


p. 252. 
® Mechanical Engineer, Research Laboratories, West- 
jechowp Electric and Manufacturing Co., East Pitts- 
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specimens. As this investigation has 
progressed, it has brought out the need 
for extreme care in the use of creep data 
for design purposes. It is not sufficient 
to specify analysis, heat treatment, and 
structure, but deoxidation practice and 
other factors must be closely controlled. 

Design for high-temperature service 
must be based on reliable test data and 
accumulated experience. The choice of 
materials and working stresses depends 
fundamentally upon the assumption that 
the material put into service is essen- 
tially similar to that for which informa- 
tion is available. Further study of the 
effects of variables is the most promising 
basis for improvements in specifications. 

Mr. Cross? (A uthor’s closure).— 
With regard to Mr. Nadai’s comments, 
we have felt that when the steel is heated 
to a temperature sufficiently high to 
produce coarsening, whatever grain-in- 
hibiting material was present had been 
taken into solution; otherwise coarsening 
would not have occurred. It is pos- 
tulated that rapid cooling (probably air 
cooling is sufficient) produces a precipita- 
tion of the material which inhibits grain 
growth, dispersed throughout the grains 
and thus contributes to good creep 
resistance but slower cooling gives time 
for inclusions to agglomerate and migrate 
to the grain boundaries, in which case 
they would be less effective in producing 
creep resistance. 

As suggested by Mr. Lessells, a copy 
of this report has been forwarded to 
Mr. Jenkins in England for his com- 
ments. 

With regard to Mr. Stoughton’s 
comments, the addition of 0.5 per cent 
silicon improves the creep resistance of 
the pure iron, but the improvement is 
only four or five to one in creep rate. 
Therefore we do not feel that the addi- 
tion of silicon and its strengthening 
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effect on ferrite is sufficient to account 
for the differences in creep rate of 150 to 
200 to 1 between the silicon-killed steel 
and the aluminum-killed steel, partic- 
ularly since the two silicon-aluminum- 
killed steels which differed only in the 
aluminum additions also showed widely 
differing creep rates in the fine-grained 

condition. 

It was not intended to minimize the 
effect of grain size but rather to give a 
strong warning that grain size as such 
is not the sole or principal controlling 
factor in determining creep resistance. 
It is so easy to remember a simple broad 
statement that coarse grain size gives 
better creep resistance than fine grain 
size. It was to prevent the use of such a 
statement that our comments were made 
in the paper. Steels of the same coarse 
grain do not always give the same creep 
resistance and fine- and coarse-grained 
structures of the same steel may show 
the same creep resistance. For carbon 
steels it has been shown that composi- 
tion, deoxidation practice, grain size, 
and heat treatment are all controlling 
factors and any statement concerning 
creep resistance which takes into account 
only grain size effects may be entirely 
incorrect and misleading. 

In answer to Mr. Foley, the pure iron 
supplied by Westinghouse was electro- 
lytic iron melted under dry hydrogen and | 
no analysis other than 0.03 per cent — 
carbon was supplied. It is assumed that 
it was very pure iron, carefully prepared. | 
There is no explanation for the effects 
of the various heat treatments on the 
creep rates for this pure iron, but the 
effects are similar to those found for the 
steels. 
and other pure irons is needed to explain 
these effects of heat treatment. 

We do not have data which will permit — 
a statement as to whether the present — 
tentative specifications for heat treat- _ 
ment of Seamless Carbon-Molybdenum 
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_ Alloy-Steel Pipe for Service at Tempera- tained in carbon-molybdenum steels if a 

Ue tures from 750 to 1000 F. (A 206-40T)’ heat treatment was used that produced a 

produce the best obtainable creep resist- more uniformly coarsened steel than 

ance. Our work to date has been only 3 to 6 or even coarser grain size, but 

on plain carbon steels. Alloy steels other objectionable properties might 

‘may not react similarly. There is result. Only experiments would develop 
work being done elsewhere on such information. 

carbon-molybdenum steel which may Mr. McVetty’s comments follow 

serve to answer the question raised by closely our own conception of the proj- 

Mr. Emerson. A grain size of 3 to 6 ect and the possible gains to be derived, 

would be a mixed grain size. A few We need to know all of the variables 

rs experiments on the effect of mixed grain that affect the creep resistance of 

fos size indicated the creep resistance was_ steels. Knowledge of the variables in- 

% _ improved in about the same proportion volved will permit choice of dependable 

as the amount of coarse grains present. design loads and the development and 

Better creep resistance might be ob- use of better creep-resistant materials. 
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This list of published reports con- 
taining references to tests on 0.35 per 
cent carbon steel (K20) includes 33 
items numbered approximately in chron- 
ological order. They may be classified 
according to the following subjects: 


Method of manufacture and physical 
Long-time constant-stress creep tests 
2, 6, 10, 15, 19, 27, 29 


Low-temperature impact tests............ 4, 33 
Cooperative check creep tests 
9, 20, 25, 26, 27, 28, 29 
Constant strain rate tests................ 11 
Relaxation tests................ 12, 13, 18, 23 
Strength discrepancies and manufacturing 


Short-time rupture or acceptability test. . .21, 24 
Variable velocity impact tests... .3, 5, 7, 17, 30 
Electrical resistivity test................ 31 

Editorial 26, 28 
Fatigue tests. . 1, 34 


(1) Short-Time Tensile Tests at 850 F. of the 
0.35 per cent Carbon Steel Material K20, 
Progress Report by Subgroup D on Short- 
Time Tensile Tests, H. J. Kerr, Chairman, 
Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Transactions, Am. Soc. Mechanical Engrs., 
Vol. 58, February, 1936, RP-58-4, p. 97. 

Gives details of manufacture, chemical 
composition and physical properties. 

(2) H. C. Cross and F. B. Dahle, “Long-Time 
Creep Tests of 18 Cr 8 Ni Steel and 0.35 
per cent Carbon Steel,” Ibid., RP-58-3, 
p. 91. 

Gives constant stress test results on K20 
at 850 F. as follows: 


> 


LIST OF PUBLISHED REPORTS WITH REFERENCE TESTS 
aug | 0.35 PER CENT CARBON STEEL K20 


(Project No. 22) 


psi. 
7500 psi. 


(3) 


(4) 


(5) 


(6) 


the.” ms 


to 
tad lac 
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10000 psi. 
9000 psi. 


for 1000 hr. 
for 1400 hr. 
for 4900 hr. 
for 4000 hr. 


H. C. Mann, “The Relation Between the _ 
Tension Static and Dynamic Tests,” — 
Proceedings, Am. Soc. Testing Mats., Vol. 
35, Part II, p. 323 (1935). 7 
Gives effect of notch length on unit , 


absorption of energy in impact specimens 
and effect of velocity on energy absorption. 
R. Sergeson and S. W. Poole, “General 
Summary and Comparison of Procedure 
and Results Obtained on Cooperative 
Study of Low-Temperature Impact Testing 
of 0.35 per cent Carbon Steel (K20), ” 
Appendix I, Progress Report of Subcom- 
mittee P, Joint Research Committee on 
Effect of Temperature on the Properties of : 
Metals, Proceedings, Am. Soc. Testing 
Mats., Vol. 36, Part I, p. 132 (1936). 2 
H. C. Mann, “High Velocity Tension Im- : 
pact Tests,” Proceedings, Am. Soc. Testing 
Mats., Vol. 36, Part II, p. 85 (1936). 
Gives tension impact properties under 
various velocities of loading and effect of 
heat treatment upon critical impact proper- 
ties. 
H. C. Cross and F. B. Dahle, ‘Report on 
Long-Time Creep Tests of 18 per ie 
Chromium 8 per cent Nickle Steel and 0.35 
per cent Carbon Steel,” Appendix II, 
Report of Joint Research Committee on 
Effect of Temperature on the Properties 
of Metals, Proceedings, Am. Soc. Testing 
Mats., Vol. 36, Part I, p. 143 (1936). 
Gives constant stress test result at 850 F. 
for 9600 hr. at 8000 psi. and for 8700 hr. i 
at 7500 psi. ja 
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(7) 


(8 


(9) 


ao) 


(12) 


(13) 


G. F. Jenks, “Application of Tension 
Impact Test,” Transactions, Am. Soc. 
Mechanical Engrs., Vol. 59, p. 313; Vol. 
60, p. 95. 

Gives impact tests with long and short 
notches at room and low temperatures, 
comparisons of tension impact tests and 
notched bar tests at low temperatures, and 
effect of tempering treatments upon critical 
impact velocities. 

A. Nadai, “Creep of Metals,” Proceedings, 
London Congress, Internat. Assn. Testing 
Mats., April 24, 1937. Group A—Metals, 
Sub-Group I, p. 4. This is a reference to 
(18) and (19). 

C. L. Clark, “Cooperative Creep Tests on 
0.35 C. Steel K20 at 850 F. and 7500 psi.,” 
Progress Report of Subcommittee E, Com- 
mittee III, Joint Research Committee on 
Effect of Temperature on the Properties of 
Metals, Transactions, Am. Soc. Mechanical 
Engrs., Vol. 59, July, 1937, RP-59-4, p. 439. 

Gives preliminary results of constant 

stress tests in 8 laboratories at 7500 psi. 
and 850 F. 
Howard C. Cross and J. G. Lowther, 
“Long-Time Creep Tests of 18 Cr. 8 Ni. 
Steel K19 and 0.35 C Steel K20,” Ibid., 
RP-59-5, p. 441. 

Gives constant stress test results on K20 
at 850 F. as follows: 

8000 psi. for 9600 hr., then unloaded and 

reloaded. 7500 psi. for 12,200 hr. 
A. Nadai and E. A. Davis, “Constant 
Strain-Rate Tests on 0.35 C. Steel K20 at 
850 F.,” Contributed by Subcommittee E, 
Committee III, Joint Research Committee 
on the Effect of Temperature on the 
Properties of Metals, Jbid., RP-59-6, 
p. 447. 

Five constant speed tests run at rates 

from 0.166 per cent per hour up to 3900 
per cent per hour. (Note that these are 
high speeds 1,000,000 to 100,000,000 times 
design rates.) 
Ernest L. Robinson, “A Relaxation Test 
on 0.35 C Steel K20,” Ibid., RP-59-7, 
p. 451. 

Gives test results for 3700 hr. at 850 F. 


= following conditions: 

Constant stress of 7500 psi. 
Constant stress of 5500 psi. 


Constant extension of 1.5 mils per in. 


Constant stress of 4000 psi. f 
N. L. Mochel, “Relaxation Tests on 0.35 c. 
Steel K20 at 850F.,” Ibid., RP-59-8, p. 
453. 


Gives residual stresses after periods of 
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(14) 


(15) 


(16) 


(17) 


(18) 


(19) 


time from 50 to 1000 hr. and with initial 
stresses of 5000, 10,000 or 20,000 psi. 

J. B. Romer, “Further Reports Annual 
Meeting December 1936,”—Appendix of 
Preprint; A.S.M.E. Transactions, July 
1937. 

Editorial comment. 

Howard C. Cross and J. G. Lowther, 
“Report on Long Time Creep Tests of 18 
per cent Chromium, 8 per cent Nickel 
Steel and 0.35 per cent Carbon Steel,” 
Appendix III, Report of Joint Research 
Committee on Effect of Temperature on 
the Properties of Metals, Proceedings, 
Am. Soc. Testing Mats., Vol. 37, Part I, 
p. 178 (1937). 

Continues constant stress test results at 

850 F. and 7500 psi. to 15,400 hr. 
H. W. Gillett, “Discrepancies in the Load- 
Carrying Abilities of Carbon Steels at 
850 F.,”” Appendix IV, Report of Joint 
Research Committee on Effect of Tem- 
perature on the Properties of Metals, Ibid., 
p. 187. 

Creep strength of other carbon steels 

runs as high as two to three times that of 
K20. 
H. C. Mann, “A Fundamental Study of the 
Design of Impact Test Specimens,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 37, 
Part II, p. 102 (1937). 

Gives relation of energy absorption and 

notch volume in impact specimens, and 
effect of temperature on energy absorption 
and transition velocity. 
A. Nadai and J. Boyd, “Relaxation of 
Steels at Elevated Temperatures—A New 
Automatic Relaxation Machine,” Journal 
of Applied Mechanics, Vol. 5, September, 
1938, p. A-118. 

Abstract only of paper which contains 

results of five relaxation tests at 850F. 
of 15 to 300-hr. duration and initial stresses 
of 3990 to 18,500 psi. Also gives results 
of reloading tests. 
Howard C. Cross and J. G. Lowther, 
“Report on Long-Time Creep Test of 0.35 
per cent Carbon Steel (K20),” Appendix 
II, Report of Joint Research Committee on 
Effect of Temperature on the Properties of 
Metals, Proceedings, Am. Soc. Testing 
Mats., Vol. 38, Part I, p. 121 (1938). 

Gives final results of 20,400-hr. constant 
stress test at 850 F. and 7500 psi. Also 
gives rates for 1000 hr. each at 800, 840, 
860 and 900 F., to determine a 
effect. 


(20 


(21 


(22 
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(20) C. L. Clark, “Report Covering Creep Tests 
on 0.35 per cent Carbon Steel (K20) at 
850 F. Under a Stress of 7500 psi.,” 
Project No. 14, Appendix III, Report of 
Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Ibid., p. 130. 

Gives final results up to 3000 hrs. of 
constant stress tests in eight laboratories 
at 7500 psi. and 850F. Includes several 
tests at somewhat different temperatures. 

(21) A. E. White and C. L. Clark, “Report on 
Acceptability Tests for High Temperature 
Characteristics,” Project No. 17, Appendix 
IV, Report of Joint Research Committee 
on Effect of Temperature on the Proper- 
ties of Metals, Zbid., p. 142 (1938). 

Gives 15-hr. rupture tests at 650, 750, 
850 and 1000 F. 

(22) H. C. Cross and J. G. Lowther, ‘Progress 
Report on Study of Effects of Manufactur- 
ing Variables on the Creep Resistance of 
Steels,” Project No. 18, Appendix V, 
Report of Joint Research Committee on 
Effect of Temperature on the Properties 
of Metals, Zbid., p. 149. 

Shows that creep strength of K20 at 
850 F. could be more than doubled by high 
temperature normalizing treatment and 
consequent coarsening of austenitic grain 
size. 

(23) Ernest L. Robinson, “The Resistance to 
Relaxation of Materials at High Tem- 
perature,” Progress Report of Project 16, 
Joint Research Committee on the Effect 
of Temperature on the Properties of 
Metals, Transactions, Am. Soc. Mechan- 
ical Engrs., Vol. 61, August, 1939, p. 543. 

Gives relaxation results obtained by 
three different methods of test in as many 
laboratories and comparison with constant 
stress results. 

(24) C. L. Clark and A. E. White, “Report on 
Further Experiments with a Proposed 
Acceptance Test; Effect of Grain Size,” 
Project No. 17, Appendix II, Report of Joint 
Research Committee on Effect of Tem- 
perature on the Properties of Metals, 
Proceedings, Am. Soc. Testing Mats., 
Vol. 39, p. 225 (1939). 

(25) B. B. Betty, “Creep Test at 850F. and 


7500 psi.,” International Nickel Co., 
Inc., Huntington, W. Va. 

3000-hr. test. Copy of detailed labora- 
tory report on file. 

(26) G. R. Brophy, “Two Creep Tests at 850 F. 
and 7500 psi.,” International Nickel Co., 
Inc., Bayonne, N. J. 

Both tests still in progress. 

(27) J. B. Romer, “Creep Test at M. I. T. at 
850 F. and 7500 psi.,”” Babcock & Wilcox 
Co. 

This test has run approximately 33,000 
hr. and is still in progress. 

(28) P. G. McVetty, “Two Creep Tests at 
850 F.,”” Westinghouse Electric and Manu- 
facturing Co. ‘These were not included in 
(20), but may be had upon request. 

(29) “Creep Test at 7500 psi., 850 F.,” orig- 
inally reported in (20) by one of the co- 
operating laboratories but still continuing. 

Has run more than 26,000 hr. 

(30) J. F. Rodenhauser, “Effect of Speed of 
Impact on Path of Rupture in Steel,” 
Thesis submitted to Massachusetts Insti- 
tute of Technology. 

Col. G. F. Jenks has one copy which may 
be borrowed for examination. 

(31) M. E. Warnant, “Determination of Elec- 
trical Resistivity of K20 Steel,” University 
of Brussels, Brussels, Belgium. Report 
promised upon completion. 

(32) Room Temperature Tensile Test Before 
and After Creep Tests, (reported in (20)) 
with photomicrographs and grain size 
ratings, also statement of having sent bar 
stock to J. J. Kanter.—Letter from R. H. 
Aborn, U. S. Steel Corp. on file. 

(33) Battelle Memorial Institute report to 
Republic Steel Corp. dated February 29, 
1936, covering Effect of Temperature upon 
the Impact Properties of K20 Steel. Copy 
on file. 

This was part of cooperative work of 
Subcommittee P and is included in con- 
densed and edited form in (4). 

(34) H. W. Russell and W. A. Welcker, Jr., 

“Damage and Overstress in the Fatigue of 

Ferrous Materials,” Proceedings, Am. Soc. 

Testing Mats., Vol. 36, Part II, p. 118 

(1936). 

Showed K20 material to have compara- 
tively high notch sensitivity and no re- 
sistance to damage by overstress. 
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REPORT OF COMMITTEE 
ON [ stran 


COPPER AND COPPER-ALLOY WIRES FOR ELECTRICAL CONDUCTORS 


_ Committee B-1 on Copper and Cop- 
_ per-Alloy Wires for Electrical Con- 
: ductors held two meetings during the 
year: one in Atlantic City, N. J., on 


wa - June 29, 1939, and one in New York, 


ON. Y., on April 9, 1940. 
‘Subsequent to the 1939 annual meet- 
ing, Committee B-1 presented to the 
Society, through Committee E-10 on 
_ Standards, Tentative Specifications for 


- Soft Rectangular and Square Copper 


Wire for Electrical Conductors (B 48 


39 T) to replace immediately the Stand- 
ard Specifications for Soft Rectangular 
Copper Wire (B 48 - 38). This recom- 
mendation was accepted! by Committee 
_ E-10 on August 24, 1939, and the new 
tentative specifications appear in the 
1939 Book of A.S.T.M. Standards.? 
Several additions and changes in the 
membership of the committee have been 


collaboration with Committee E-1 on 
Methods of Testing. 

Subcommittee III (T. S. Fuller, chair- 
man) completed its work on the packag- 
ing section of the Specifications for Soft 
or Annealed Copper Wire (B 3-39) 
and has been discharged. 

Subcommittee IV (J. R. Becker, chair- 
man) is recommending a revision of the 
Tentative Specifications for Soft Rec- 
tangular and Square Copper Wire for 
Electrical Conductors (B 48-39T), 
as given in detail later in this report. 
This subcommittee will continue to 
study desirable changes in these speci- 
fications. 

Subcommittee V (P. H. Grogan, chair- 
man) is working on a tentative revision 
of the Standard Specifications for Hot- 
Rolled Copper Rods for Electrical Pur- 
poses (B 49 — 39) to provide for a twist 


for si 
tions 
recel 
prop 
with 
these 


_ made during the year. Committee B-1 test. 
now consists of 17 producer, 15 con- Subcommittee VIII (W. H. Bassett, 
sumer, and 2 general interest members, Jr., chairman) is preparing Specifica- 


making a total of 34, represented on the 
- committee by 40 individuals. Twelve 
_ additional individuals, not members of 
_ Committee B-1, augment this member- 
ship in subcommittee work. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IT (P. H. Grogan, chair- 
man) and Subcommittee VII (R. S. Pratt, 

_ chairman) are continuing their studies 
on the effect of speed of testing in 


1In submitting this recommendation to Committee 
E-10 on Standards, Committee B-1 reported results of the 
letter ballot vote as follows: Of a total membership of 
30, 22 members returned their ballots, of whom 19 voted 
affirmatively, 1 negatively, and 2 members marked their 
ballots ‘‘not voting.’ 

2 1939 Book of A. S.T.M. Standards, Part I, p. 1059. 


tions for Bare Rope-Lay-Stranded and 
Bunch-Stranded Soft Copper Cables for 
Electrical Conductors, working in co- 
operation with a group of the Insulated 
Power Cable Engineers Association. 
The Standard Specifications for Bare, 
Stranded Copper Cable (B 8 — 39) cover 
the concentric-lay constructions, and it 
was thought at one time that they might 
be expanded to include other construc- 
tions. It is the present thought to 
restrict the scope of Specifications B 8 
to the concentric-lay-stranded construc- 
tion and to promulgate new specifica- 
tions covering rope-lay-stranded cables 
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composed of concentric-lay strands and 
also of bunch-stranded strands. In 
addition, it seems desirable that these 
specifications include bunch-stranded 
conductors not formed into rope-lay 
cables, in order to extend the bunch- 
stranded construction to the smallest 
sizes of flexible cables. 

Discussion has brought out the need 


for some further work on these specifica- ° 


tions, incorporating certain suggestions 
received relative to the draft heretofore 
proposed for presentation to the Society. 
Upon completion of these revisions, and 
with a favorable vote by the committee, 
these specifications will be presented to 
the Society during the coming year 
looking toward their publication as ten- 
tative or perhaps for publicaiton as 
information and guidance in the ASTM 
BULLETIN. 

Subcommittee X (C. S. Gordon, chair- 
man) is studying specifications for lead 
or lead-alloy coated wires and has sent 
out a questionnaire on the subject to the 
committee. 

Subcommittee XI (R. S. Pratt, chair- 
man) has recommended that Com- 
mittee B-2 on Non-Ferrous Metals and 
Alloys be requested to consider the 
preparation of specifications for non- 
oxygen-bearing copper, to which refer- 
ence may be made in the specifications 
for copper wire. 

Subcommittee XIT (Alfred Bellis, chair- 
man) is studying the desirability of pre- 
paring specifications for tinned-coated 
hard-drawn and medium-hard-drawn 
copper wire, and has sent out an inquiry 
to the committee covering this subject. 

Subcommittee XIII (W. H. Bassett, 
Jr., chairman) has investigated the sub- 
ject of bend tests and bend testing de- 
vices, including the R.C.A. bend tester, 
the Bell Telephone Laboratories wire 
tester, the Belden wire tester, and the 
Morehouse tester. Conclusions have 
not yet been reached, and the committee 
is continuing its work. 


Subcommittee XIV (Alfred Bellis, 
chairman) has been studying the ade- 
quacy of the existing specifications for 
copper wire bars (B 4 — 27 and B 5 - 27) 
as a basis for requirements for some 
varieties and sizes of copper wire for _ 
electrical conductors. 

There has been considerable discus- _ 
sion concerning the method of continu- — 
ing this work and it has been decided to © 
discontinue this subcommittee. It is — 
felt that greater efficiency in outlining ~~ 
the needs of the industry and develop- __ 
ing a solution may be obtained froma 
smaller group composed of two members 
from Committee B-1 and two from 
Committee B-2 on Non-Ferrous Metals | 
and Alloys. This method of working 
out the problem will be submitted to 
Committee B-2 for consideration. 

Subcommitiee XV (G. E. Rolston, 
chairman) has been formed to study 


dimensional tolerances prescribed in the 
various specifications under the jurisdic- a 


tion of Committee B-1. It has been 
brought to the attention of the com- Lae 
mittee that there are possible incon- = 
sistencies in the dimensional tolerances — 
of similar specifications, and it also has — 
been indicated that the dimensional 
tolerances for cables as prescribed in 
Specifications B 8 — 39 are not the same 
as those prescribed in the Tentative 
Specifications for Insulated Wire and 
Cable: Class AO, 30 per cent Hevea © 
Rubber Compound (D 27 - 39 T), which 


D-11 on Rubber Products. Recom- Ee 
mendations by this subcommittee rela- 
tive to revisions in the permissible 
variations in diameter prescribed in the 
Standard Specifications for Hard-Drawn 
Copper Wire (B 1 — 39) and for Medium- © a 
Hard-Drawn Copper Wire (B 2-39) are 
given later in this report. 7 
Committee B-1 will endeavor to make _ 
recommendations on area _ tolerances 
which will be acceptable to the industry at Mie 
and which will make the specifications 
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generally applicable without modi- 


fication. 


I. REVISION OF TENTATIVE STANDARD 
‘Tentative Specifications for Soft Rectangu- 


lar and Square Copper Wire for Electri- 
cal Conductors (B 48 — 39 T): 


The committee recommends that these 


specifications be revised as follows and 
continued as tentative: 


Classes.—In Sections 1 (6) and (c), 4 


as (a) and (d), and 5 (a) and (c) change the 
word “class” to read “type.” 


Section 4.—Change Paragraph (c) to 
read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


(c) Retests.—If upon testing a sample from 


_ any coil or reel of wire, the results do not con- 


form to the requirements [specified] prescribed in 
Paragraphs (a) and (b), two additional samples 


_ shall be tested, [and the average of the three 


tests shall determine the acceptance or rejection 
of the coil or reel] each of which shall conform to 
the prescribed requirements. 


Change Paragraph (d) to read as 
follows by the addition of the italicized 


words and the omission of those in 


brackets: 


(d) For type B wire the tension test will not be 
required [need not conform to the tensile prop- 


erties specified in Paragraph (a)]. 


Section 5.—Add two new paragraphs 


_ to this section, designated Paragraphs 


(c) and (d), to read as follows: 


(c) Bend tests shall be made upon repre- 
sentative samples by means of a suitable device 
and under the following conditions: 

The speed of bending shall be uniform and 
the bend shall be completed in not less than 
3 nor more than 7 sec. The sample shall remain 
in its original plane and the inner side of the 
bent portion shall remain in contact with the 
mandrel, which shall not gouge the sample. 
At the conclusion of the test the sample shall 
be in contact with the mandrel through the 
entire angle of 180 deg., and the straight portions 
of the sample shall be parallel, the distance 
between them being equal to the diameter of 
the mandrel. 

(d) Retests.—If upon testing a sample from 


any coil or reel of wire, the results do not con- 
form to the requirements prescribed in Para- 
graphs (a), (b), and (c), two additional samples 
shall be tested, each of which shall conform to 
the prescribed requirements. 


Reletter Paragraph (c) as (e) and 
change to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


(e) For type A wire the bend test will not be 
required [need not conform to the bending prop- 
erties specified in Paragraph (a)]. 


Section 7 (d).—Change from its pres- 
ent form: namely, 


(d) The corners of the wire shall be rounded 
to a quarter circle of the radius, as determined 
by a radius gage, prescribed in the following 
table: 


Specified 0.751in and 0.750 in. and 
Thickness, over in under in 
in. Width Width 

0.689 and over...... 0.188 in. 0.188 in. 
0.688 to 0.439...... 0.125 in. 0.094 in. 
0.438 to 0.226...... 0.094 in. 0.063 in. 
0.225 to 0.166...... 0.063 in. 0.047 in. 
0.165 to 0.126...... 0.063 in. 0.031 in. 
0.125 to 0.106...... half-round 0.031 in. 
0.105 to 0.051...... half-round 0.025 in 


half-round 


* Square wire in this thickness range shall have the 
corners broken slightly. 


to read as follows: 


(d) The corners of the wire shall be rounded 
to a quarter circle of the radius, as determined 
by a radius gage, prescribed in the following 
table: 


Specified 0.751 in. and 
Thickness, over in under in 


in. Width Width 
0.689 andover.. %in. %in. 


0.688 to 0.439... Yyinw 
0.438 to 0.226... 3% in. Yin. 
0.225 to 0.166... in. 
0.165 to 0.126... \% in. ¥@ in. 
0.125 to 0.063%.. rounded edge % in 


0.062 and under. rounded edge rounded edge 

* Square wire 0.102 in. and under shall have corner 
radii of 1% in. 

Section 10 (c).—Change from its pres- 
ent form: namely, 

(c) Unless otherwise agreed upon, the wire 
shall be shipped in continuous lengths weighing 
not less than 135 lb. 7 

to read as follows: 


(c) Unless otherwise agreed upon, the wire 
shall be shipped in continuous lengths of the 
following minimum weights: Aas, 
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1999 and under............... 30 


II. REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 
Standard Specifications for Hard-Drawn 
Copper Wire (B 1-39; ASA H4.2- 
1940) and Standard Specifications for 
Medium - Hard - Drawn Copper Wire 
(B2-39; ASA H4.3-1940)3 
At present Section 5 (0) of both of 
these specifications reads as follows: 


(b) The wire shall not vary from the specified 
diameter by more than the following amounts: 


Permissible Variations 


Diameter of in Diameter, plus 

Wire, in. or minus 
Under 0.100....... 0.001 in. (1 mil) 
0.100 or over...... 1 per cent 


The corresponding section in the 
Standard Specifications for Soft or 
Annealed Copper Wire (B 3-39) 
identical except that the value of per- 
missible variation in diameter of 1 per 
cent applies to wire of diameters as 
small as 0.0100 in. and permissible 
variations in diameter for wire under 
0.0100 in. is plus or minus 0.0001 in. 
(0.1 mil.). 

The committee finds no valid reason 
for this discrepancy and therefore recom- 
mends that Section 5 (6) in Standard 
Specifications B 1-39 and B 2-39 be 
changed to read as follows: 

(b) Within the range of diameters included 
in Table I the wire shall not vary from the 
specified diameter by more than plus or minus 
1 per cent. 

IIT. ADopTIoN OF TENTATIVE STANDARD 
AS STANDARD 
Tentative Specifications for Figure-9 Deep- 

Section Grooved and Figure-8 Copper 

Trolley Wire for Industrial Haulage 

(B 116-39 T): 


These specifications have been pub- 
lished as tentative for one year, and the 


ss. 1939 Book of A. S. .T.M. Standards, Part I, pp. 551: and 


‘Ibid., p. 1063. 


committee upon inquiry finds no appre- 
ciable difficulty in meeting the prescribed 
requirements nor any suggestions as to 
revision. It is accordingly recom- 
mended that these specifications be 
approved for reference to letter ballot — 
of the Society for adoption as standard. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affirma-| Nega- 


Items tive tive 


I. REvISION OF TENTATIVE 
STANDARD 


Spec. for Soft Rectan 
Square Copper 


II. Revisions oF STANDARDS 


Spec. for Hard-Drawn Copper 
Wire (B 1- 39), imm 
28 1 

Spec. for Medium- -Hard- Drawn 
Copper Wire (B 2 - 39), im- 
mediate adoption........... 28 1 


III. Apoption or TENTATIVE 
STANDARD AS STANDARD 
Spec. for Figure-9 Deep-Sec- 
tion Grooved and Figure-8 
Copper Trolley Wire for In- 
dustrial Haulage (B 116- 


The recommendations appearing in ~ 
this report have been submitted to letter 
ballot of the committee which consists _ 
of 34 members; 30 members returned © 
their ballots, the results being shown 
in Table I. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 34 members; 30 members have 
returned their ballots, of whom 28 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


Chairman. 
G. E. DEAN, 
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Committee B-2 on Non-Ferrous 
Metals and Alloys held two meetings 
during the year: on June 30, 1939, in 

a Atlantic City, N. J., during the annual 

oa ‘meeting of the Society, and in Detroit, 

Mich, on March 7, 1940. Also, the 

<= advisory committee met in Chicago, 

TIL, on October 25, 1939. 

At the June, 1939, meeting E. E. 

_ Thum was elected chairman of Com- 

e mittee B-2 and C. E. Swartz was elected 


F Society through Committee E-10 on 


_ Standards new Tentative Specifications 
for Nickel-Copper Alloy Plate, Sheet, 


ay and Strip (B 127 - 39 T). These speci- 
fications were accepted! by Committee 
E-10 on August 24, 1939, and appear in 
the 1939 Book of A.S.T.M. Standards. 
> I. NEw TENTATIVE STANDARD 


On the recommendation of Subcom- 
a II the committee presents for 
publication new Tentative Specifica- 
tions for Pig Lead* to replace imme- 
diately the present Standard Specifica- 
Ey tions for Pig Lead (B 29 - 35). This 


7 recommendation was submitted to letter 
ballot of the committee which consists of 
_ 108 members; 55 members returned their 


1In submitting this recommendation to Committee 
E-10 on Standards, Committee B-2 reported results of the 
letter ballot vote as follows: Of a total membership of 
102, 81 members returned their ballots, of whom 39 voted 
affirmatively, 2 negatively, and 40 members marked their 
‘not voting 
bh at 1939 Book of A. 'S.T.M. Standards, Part I »P. 1134, 
These specifications were accep as tentative by 
the Society and appear in the 1940 eee: to Book of 
A.S.T.M. Standards, Part I, p. 438. 
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ballots, of whom 38 voted affirmatively, 
0 negatively, and 17 members marked 
their ballots “not voting.” 


II. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


The committee recommends, as pro- 
posed by Subcommittee VI, that the 
Tentative Specifications for Lead- 
Coated Copper Sheets (B 101 ~ 35 T)! 
be approved for reference to letter ballot 
of the Society for adoption as standard. 
This recommendation was submitted to 
letter ballot of the committee which con- 
sists of 108 members; 68 members re- 
turned their ballots, of whom 42 voted 
affirmatively, 0 negatively, and 26 mem- 
bers marked their ballots “not voting.” 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Refined Lead, Tin, 
Antimony, and Bismuth (T. A. Wright, 
chairman) has been working for some 
time on a revision of the Standard Speci- 
fications for Pig Lead (B 29 - 35). 
was intended that the revised specifica- 
tions would be submitted to the Society 
through Committee E-10 on Standards, 
and the specifications were considered 
by Committee E-10 at a meeting on 
August 24, 1939, and again on January 
19, 1940 (at the latter meeting repre- 
sentatives of those in favor of and those 
opposed to the proposed revisions being 
present), but the specifications failed of 
approval, the difficulty lying in the pro- 
posed method of arrangement and desig- 
nation of the several types of lead. 


4 1939 Book of A.S.T.M. Standards, Part I, p. 1109 
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Subcommittee II was instructed to 
make a further effort to draft specifica- 
tions,that could be agreed to by all 
parties at interest, and at a meeting of 
the subcommittee held on February 16, 
1940, a revised draft of the specifications 
was approved for reference to letter bal- 
lot of the subcommittee. The vote on 
this recommendation resulted as follows: 
From a subcommittee membership of 
42, 27 members returned their ballots, 
of whom 18 voted affirmatively, 6 nega- 
tively, and 3 members marked their bal- 
lots “not voting.” Objections to this 
draft of the specifications appeared to 
be based on the use of reference numerals 
in Table I on chemical requirements and 
to explanatory descriptive material being 
included. These objections were re- 
stated at the March, 1940, meeting of 
Committee B-2, at which meeting the 
specifications now being presented for 
publication as tentative,® were approved 
for reference to letter ballot of Commit- 
tee B-2. The result of this vote is 
given earlier in this report. It was also 
voted to submit to letter ballot the ad- 
dition to Table I of the following foot- 
note: 


Corroding lead is a designation that has been 
used for many years in the trade to describe lead 
which has been refined to a high degree of purity. 


The vote with respect to the addition 
of this footnote resulted as follows: 
From a membership of 108, 54 members 
returned their ballots, of whom 33 voted 
affirmatively, 0 negatively, and 21 mem- 
bers marked their ballots ‘‘not voting.” 
Three affirmative ballots were received 
(from members whose business connec- 
tions are closely affiliated) suggesting 
the desirability of making certain edi- 
torial changes. 

Subcommittee III on White Metal 
Alloys (G. H. Clamer, chairman) has 
endeavored to reach agreement on the 
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proposed revision of the Standard Speci- 
fications for Solder Metal (B 32 — 21) 
but it has found that the matter rests on 
doubts as to the necessity or practicabil- 
ity of establishing certain chemical 
limits. In view of this situation it will 
be necessary for the subcommittee to 
determine the actual facts before pre- 
senting the revised specifications for 
publication as tentative.5 
Subcommittee IV on Refined Zinc and 
Wrought Zinc (E. H. Bunce, chairman), 
in recommending at the last annual 
meeting® that the Tentative Specifica- 
tions for Rolled Zinc (B 69 —- 37 T) be 
adopted as standard to replace the 
Standard Specifications B 69 — 29, also 
made the following editorial changes in 
the appendix to the specifications, which 
are given here as a matter of record: 


(1) In the temper values in the table on 
dynamic ductility and temper the 4 per cent 
values were dropped since the limit of accuracy 
of the machine or use of the values is not closer 
than to the nearest 1 per cent. 

(2) The dynamic ductility values in the table 
were altered to the nearest 0 or 5 in the third 
decimal place, since here again this represents the 
limit of accuracy of the machine or use of the 
values. 

(3) A table on typical compositions of rolled 
zinc, quoted in part from the A.S.M. Metals 
Handbook, was added as being at least as 
valuable, particularly to those not entirely 
familiar with rolled zinc, as the table of physical 
properties. 


Specifications B 69 — 39 were adopted 
as standard with the above editorial 
changes and appear in the 1939 Book of 
A.S.T.M. Standards.’ 


= 


Subcommittee VI on Coated Metals 


(W. G. Schneider, chairman) is recom- 
mending, as mentioned earlier in this 


report, that the Tentative Specifica- 
tions for Lead-Coated Copper Sheets | 


(B 101 — 35 T) be adopted as standard. 
The vote on this recommendation in the 


5 See Editorial Note, p. 168. _ 
a 6 ‘enemies Am. Soc. Testing Mats., Vol. 39, p. 243 
939). 
71939 Book of A.S.T.M. Standards, Part I, p. 682. 
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‘ turned their ballots, of whom 11 voted 
5 affirmatively, 0 negatively, and 17 mem- 
\ bers marked their ballots “not voting.” 


officers of the committee were re-elected 
for the ensuing term of two years. — 


letter ballot of the committee which 


subcommittee resulted as follows: From consists of 108 members; 68 members 
a membership of 34, 28 members re- returned their ballots, of whom 62 have 
voted affirmatively and 0 negatively. 


This report has been submitted to C. E. Swartz, 


Respectfully submitted on behalf of 


At the June, 1940, meeting the present the committee, 


ag Chairman. 


"a a Subsequent to the annual meeting Committee B-2 presented to the Society Det 
through Committee E-10 on Standards new Tentative Specifications for Soft 7 
_ Solder Metal as a revision of and to replace immediately the Standard Speci- the 
fications for Solder Metal (B 32-21). This recommendation was accepted Su 
: by Committee E-10 on August 28, 1940, and the new tentative specifications t 
; appear in the 1940 Supplement to Book bi A. S.T.M. Standards, Part I, p. 442. Te 
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Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held two 
meetings during the year: one in Atlantic 
City, N. J., on June 27, 1939, and one in 
Detroit, Mich., on March 6, 1940. 

The committee has been active during 
the past year through its Subcommittees 
Ion Total Immersion Test, II on Alter- 
nate Immersion Test, III on Spray 
Test, IV on Specifications, VI on Atmos- 
pheric Corrosion, and VIII on Galvanic 
and Electrolytic Corrosion in carrying 
forward the programs under the sponsor- 
ship of these subcommittees. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Total Immersion 
Test (J. R. Freeman, Jr., chairman).— 
This subcommittee has revised the test 
program outlined in the 1939 report! 
and will conduct total immersion tests 
on commercial copper, phosphorized, 
in aerated and unaerated normal solu- 
tions of sulfuric acid, sodium chloride, 
and sodium hydroxide at 35 C. under 
closely controlled test conditions. Five 
cooperating laboratories will carry out 
the tests. It is hoped that this work 
will lead to the formulation of a recom- 
mended practice for total immersion 
testing. 

Subcommittee II on Alternate Immer- 
sion Test (D. K. Crampton, chairman).— 
This subcommittee is preparing sug- 
gested methods of alternate immersion 
testing. It is felt in general that such 


a ae Soc. Testing Mats., Vol. 39, p. 245 
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test methods should avoid strict detail 
as to apparatus. A wide latitude in the 
size and shape of specimen is planned. 
The procedures are being so written 
as to permit using two methods: (1) 
a method in which complete drying 
of the specimens is forced as by a blast 


of hot air, and (2) a method in which > 


specimens are kept moist throughout 
the cycle. 

The methods are being rewritten in 
accordance with the various suggestions _ 
received to date and will then be sub- 
mitted for publication as tentative 


order to elicit further comment. Fol- y 
lowing the publication of the methods, 
cooperative testing will probably be 
undertaken by the committee to obtain 
information on the merits and limita- 
tions of the test. 

Subcommittee III on Spray Test (E. H. 
Dix, Jr., chairman).—Subcommittee ITI, 
having developed the Tentative Method 
of Salt Spray Testing of Non-Ferrous 
Metals (B 117 — 39 T), has been rela- 
tively inactive during the past year. 
The subcommittee met in Detroit, 
Mich., on March 6, 1940, at which 
time written comments on the tentative 
method were reviewed, and it was 
decided that further time should be 
allowed for the receipt of additional 
comments before any changes in the 
tentative method are made. It is 
therefore recommended that Method 
B 117 — 39 T be continued as tentative 
Paces revision until 1941. 
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Subcommittee IV on Specifications 
(E. A. Anderson, chairman).—Sub- 
committee IV held one meeting during 
the year, in Detroit, Mich., on March 
6, 1940, in conjunction with the Joint 
Committee on Exposure Tests of Plating 
on Non-Ferrous Metals and Subcom- 


mittee VI on Finishing Properties of _ 


Die Castings of Committee B-6. Pro- 
posed Specifications for Electrodeposited 


Copper and Copper Alloys, and on Zinc 
and Zinc Alloys have been prepared 
and were the subject of discussion at 
the March meeting. As soon as deci- 
sion is reached on the sampling provi- 


sions, the specifications will be presented — 


to the Society for publication as tenta- 
tive. 


Subcommittee VI on Atmospheric Cor- 


rosion (W. H. Finkeldey, chairman).— 
Atmospheric corrosion tests on non- 
ferrous metals and their alloys are being 
continued at the various test locations. 
The subcommittee does not contemplate 
at the present time removing any test 
samples from the racks for test for at 
least another three or four years. 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (L. J. Gorman, 
chairman).—Committee B-3, on the 
recommendation of Subcommittee VIII, 
is sponsoring a paper on “Some Obser- 
vations of the Potentials of Metals and 
Alloys in Sea Water,” by F. L. LaQue 
and G. L. Cox, and a paper on “Con- 
trolling Factors in Galvanic Corrosion,” 
by W. A. Wesley, which appear as Ap- 
pendices I and II.? Further action on 
the sea water test is being deferred until 
these papers have been presented and 
studied. 

The subcommittee is proceeding with 


plans for tests on stainless steels coupled 


gures. 


with other metals in atmospheric expo- 
In the present plan it is proposed 


2 See pp. 670 and 690. 


to test 18 per cent chromium, 8 per 
cent nickel alloy steel coupled with the 
following metals and alloys: 


Aluminum 28S, 
Aluminum alloy 53S, 


Copper (phosphorus deoxidized), 


Tron (mild steel), 
Lead (chemical lead), 
Nickel, 


AG Architectural bronze (brass) 
Coatings of Nickel and Chromium on 


Pb, balance Zn), and 
Zine. 


The exposure locations tentatively 
selected are as follows: 


New York, N. Y., 
Altoona, Pa., 
Sandy Hook, N. J., 
State College, Pa., 
La Jolla, Calif., and 
Key West, Fla. 


It has been decided not to include 
Phoenix, Ariz., Rochester, N. Y., and 
Pittsburgh, Pa., as test sites, so as to 
reduce the number of specimens and the 
work involved in setting up the tests 
and analyzing the results. There is 
still some question as to the type of test 
specimen and the assembly of the 
specimens. 

Attention is called to the 1939 report 
of this subcommittee covering results of 
atmospheric exposure tests on galvanic 
couples over a 7-yr. period.* The pro- 
posed tests on stainless steel will supple- 
ment this former work. 

Since the meeting in Atlantic City, 
N. J., in June, 1939, the subcommittee 
has completed its preliminary work on 
the tests in sea water and on the expo- 
sure tests of stainless steels. It does 
not seem desirable to publish the results 
of these tests in the report of Committee 
B-3 because of their exploratory nature. 


Proceedings, Am. Soc. Testing Mats. , Vol. P. 247 
(1939). 
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The election of officers for the ensu- 
ing term of two years resulted in the 
selection of the following: mane} 


Chairman, Sam Tour. 
‘4 Vice-Chairman, H. S. Rawdon. 
Secretary, A. W. Tracy. 
This report has been submitted to 
letter ballot of the committee which 
we 


: 


171 


consists of 60 members; 45 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
T. S. FULLER, 


C 


@ 


Sam Tour, 
Secretary. 
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ELECTRICAL-HEATING, ELECTRICAL-RESISTANCE, AND ELECTRIC- 
FURNACE ALLOYS 


Committee B-4 on Electrical-Heating, 
Electrical-Resistance, and _ Electric- 
Furnace Alloys held two meetings during 
the year: in Washington, D. C., on 
November 9 and 10, 1939, and in New 
York City on February 12 and 13, 1940, 
in addition to the meeting held during 
the annual meeting of the Society. 

The committee is cooperating with 
the Joint A.S.T.M.-A.S.M.E. Research 
Committee on Effect of Temperature 
on the Properties of Metals, in the 
study of the behavior of metals at the 
higher temperatures. 

In 1941 it is planned to publish a 
compilation of all the standards under 
the jurisdiction of Committee B-4. 

The committee consists of 44 members, 
of whom 21 are classified as producers, 
19 as consumers, and 7 as general 


interests. 


New TENTATIVE STANDARD 


_ The committee recommends that the 
proposed Tentative Methods of Testing 
Sleeves and Tubing for Radio Tube 
Cathodes be accepted for publication as 
tentative." 


II. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following two tentative standards, with 
minor revisions, be approved for ref- 

1 These methods were accepted as tentative by the Societ 


and appear in the 1940 | ee to Book of A.S.T. 
Standards, Part I, p. 


erence to letter ballot of the Society for 

adoption as standard: 

Tentative Method of Test for Flexivity of 
Thermostat Metals (B 106 - 39 T),? re- 
vised as follows: 

Title—Change from its present form 
to read: “Methods of Testing Thermo- 
stat Metals.” 

Section 1—Add a new section on 
scope to read as follows: 


1. These methods cover the procedures for 
testing thermostat metals. 


Renumber present Sections 1 to 7 as 
Sections 2 to 8 and add a new heading 
“Flexivity” preceding new Section 2. 

In Paragraph (a) change the mini- 
mum thickness of flat strips to which 
the method is applicable from “0.025 in.” 
to read “0.015 in.” 

Change Paragraph (b) to read as 
follows by the addition of the italicized 
word and the omission of those in 
brackets: 


(6) The characteristics of thermostat metal 
are determined as a whole [when tested in the 
form of a flat strip], no account [is] being taken 
of the characteristics of the individual com- 
ponents. 


Section 3.—Change from its present 
form to read as follows: 


3. Apparatus.—The apparatus shall consist 
of the following: 

(a) Specimen Carrier—A specimen carrier 
provided with two conical or knife-edge supports 
for locating the specimen. The test length, 


2 1939 Book of A. S. T. M. Standards, Part I, p. 1164. 
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that is the distance between the point of contact 
of the specimen with one support and the 
point of contact between the specimen and the 
other support, shall be known to within plus or 
minus 0.2 per cent and the line or plane passing 
through the points of contact shall be horizontal. 
The specimen carrier and supports shall hold the 
specimen without constraint so that the curva- 
ture due to its deflection will follow a vertical 
plane passing through the line joining the points 
of contact between specimen and supports. 

(b) Micrometer—A micrometer, traveling 
microscope, or equivalent device so connected 
to the specimen carrier that expansion during 
heating of the carrier or connecting parts will 
not cause appreciable displacement of the 
measuring device with respect to the supports. 

(c) Bath.—A stirred liquid bath or uniformly 
heated enclosure, in which the specimen carrier 
together with adjustable electric heating source 
is placed, by means of which the specimen can 
be maintained at the desired temperatures, with 
a variation in temperature throughout the gage 
length of the specimen not to exceed 0.5 per cent 
of the temperature range used in the test. 

(d) Temperature Measuring Apparatus.— 
Apparatus for making temperature measure- 
ments shall be of such accuracy that the interval 
between the two temperatures between which 
flexivity is to be measured, 72-7; in Eq. 1, 
will be known to plus or minus 0.5 per cent. 

(e) Deflection Index.—Means shall be provided 
for measuring the deflection of the specimen at 
a point midway between the points of support 
and along the vertical line intersecting the line 
joining the points of support. Such means may 
comprise a fused quartz transmission rod 
disposed with its axis vertical and terminating in 
a point or knife-edge which shall engage the 
specimen midway between the points of con- 
tact with the supports. Such transmission rod 
shall be mounted in such manner that it is free 
to move in the direction of its axis. The rod 
shall bear at its free end an index suitable for 
microscopic observation, or else an electrical 
contact which with a micrometer will permit the 
changes of the deflection of the specimen to be 
accurately observed. Alternatively, the deflec- 
tion of the mid point of the specimen may be 
directly observed by optical means whose line 
of sight is horizontal and passes through the 
vertical line through the mid point of the speci- 
men. A micrometer screw with extended 
spindle making direct contact with the specimen 
may be used. In this case electrical means 
shall be provided that will indicate contact 
without significant disturbance of the specimen. 

The measurement of the position of the mid- 


point of the test spe of such 


accuracy that the difference in position from 
temperature 7; to temperature J, will be 
known to plus or minus 0.5 per cent of the 
maximum deflection for a given test. 

(f) If a transmission rod is used, it and any 
attached parts shall be of such weight or so 
counterweighted that they will not cause a 
deflection greater than 1 per cent of the maxi- 
mum to be produced by the action of the 
thermostat metal alone. When free, the ther- 
mostat metal assumes very nearly a circular 
curvature. Concentrated loading at the center 
of the specimen will cause the curvature to be 
other than circular, and may cause significant 
errors in the evaluation of flexivity. The 
location of the line passing through the points 
of contact between specimen and supports 
shall be known, with reference to the scale of 
the micrometer, to within plus or minus 0.002 
in. 


Section 4.—Change the last sentence of 
Paragraph (d) from its present form: 
namely, 

The ratio of the distance between supports 


to the thickness shall be determined to an 
accuracy of 0.10 per cent. 


to read as follows: lacus 


The distance between supports shall be known 
to an accuracy of 0.25 per cent. 


Change Paragraph (e) to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


(e) [Dimensions] The thickness of the speci- 
men shall be accurately determined [to an ac- 
curacy of 1 per cent] within plus or minus 0.0001 
in. (Note 1) by means of a screw micrometer or 
equivalent method. 

Note 1.—This corresponds to a permissible 
variation of plus or minus 0.66 per cent for 
specimens 0.015 in. in thickness, and plus or 
minus 0.2 per cent for specimens 0.050 in. in 
thickness. 


Number the present note following 
Paragraph (e) as Note 2 and change the 
first sentence of the second paragraph 
to read as follows by the addition of 
the italicized word and the omission of 
the words and figures in brackets: 

[In the case of very thin specimens (less than 


0.010 in. in thickness)] The average thickness 
may also be calculated from measurements of 


| length, average width, weight, aa density. 
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Section 5 (a).—Change the second sen- 
tence of this paragraph to read as 
follows by the addition of the italicized 
word and the omission of the words 
in brackets: 


An amount of material extending a distance 
not less than [three times] twice the thickness 
shall be removed along each edge of the speci- 
men, to eliminate material which may have 
been damaged in cutting. 


Section 6 (h).—Add a new note to 
read as follows: 


Note.—The cumulative errors in the measure- 
ment of length, temperature, thickness, and de- 
flection can produce discrepancies between suc- 
cessive flexivity determinations on the same strip 
as great as plus or minus 2.5 per cent. The 
probable error is substantially less than this. 
The test shall be made on at least two speci- 
mens from a given lot of material. If the 
values so obtained differ from their mean value 
by more than plus or minus 1.5 per cent of their 
mean value, these values should be rejected 
and the test repeated. 


New Sections——-Add new Sections 9 
and 10 on “Electrical Resistivity” and 
“Change of Resistance with Tempera- 
ture” to read as follows: 


9. Electrical resistivity shall be determined 
in accordance with the Standard Method of Test 
for Resistivity of Metallic Materials (A.S.T.M. 
Designation: B 63) of the American Society for 
Testing Materials. 

10. Change of resistance with temperature 
shall be determined in accordance with the 
Standard Method of Test for Change of Re- 
sistance with Temperature of Metallic Materials 
for Electrical Heating (A.S.T.M. Designation: 
B70) of the American Society for Testing 
Materials. 


eee Method for Bend Testing of 
Wiré (Wire for Radio Tubes and Incan- 
descent Lamps) (B 113-38T),* re- 
‘vised as follows:* 
_ Section 1.—Change the second sen- 
tence to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


31939 Book of A. S. T. M. Standards, Part 1, p. 1156. 
4 The recommendation for adoption as standard of this 
tentative method failed of approval at the annual meeting 
of the Society, see Summary of Proceedings, p. 31. 
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It is intended for [use on] festing round wire 
from approximately 0.010 to 0.117 in. (0.25 to 
3.0 mm.) in diameter, and rectangular and flat- 
tened wire not over 0.117 in. (3.0 mm.) in thick- 
ness where the ratio of width to thickness does 
not exceed 10. 


Change the footnote referring to the 
second sentence from its present form 
to read as follows: 


It has been observed that the bending mo- 
ment obtained under method C (outlined in the 
Appendix to the 1936 Report of Committee B-4, 
see Proceedings, Am. Soc. Testing Mats., Vol. 36, 
Part I, p. 166 (1936)) may be approximately the 
same as the initial bending moment obtained 
under this method for similar specimens, using 
the’ same test length and the same angle of 
deflection when the latter is in the neighborhood 
of 30 deg. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 


of 44 members, with the results shown 
in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE 


~ Ballots 
Gate ative tive “Not 

Voting” 


I. New TENTATIVE STANDARD 
Testing Sleeves and Tubing 
for Radio Tube Cathodes... . 31 1 3 
II. ADorpTIon OF TENTATIVE 
STANDARDS AS STANDARD 
Test for Flexivity of Thermo- 


stat Metals (B 106 - 39 T)... 29 0 5 
Bend Testing of Wire (Wire for 

Radio Tubes and Incandes- 

cent Lamps) (B 113 - 38 T) ,* 


* The recommendation for adoption as standard of this 
tentative method failed of approval at the annual meeting 
of the Society, see Summary of Proceedings, p. 31. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Life Tests (J. W. 
Harsch, chairman).—A study of the 
effect of ceramics and cements upon the 
life of heating element materials in 
contact with them has been made during 
the year and is being continued. Com- 
parative tests are being made on nickel- 
chromium wire using the accelerated life 
test (B 76-39) in comparison with a 
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so-called constant temperature test in 
which the temperature is adjusted every 
24 hr. to the starting temperature. ™§ 

Subcommittee II on Electrical Tests 
(P. H. Dike, chairman).—A survey of 
the industry has shown a need for 
standard methods of test for electrical 
contact metals, and assurance has been 
received of sufficient support to justify 
undertaking this work. A program of 
work has been prepared to cover con- 
tacts suited for currents in the range of 
0.1 to 50 amp. Tests are being made 
with a contacting device in use by the 
Edison General Electric Appliance Co. 
and with a device being built by the 
Material Laboratory of the New York 
Navy Yard in accordance with plans 
submitted by the committee. 

Subcommittee IV on Mechanical Tests 
(P. H. Brace, chairman).—As mentioned 
earlier in this report, the scope of the 
Tentative Method of Bend Testing of 
Wire (Wire for Radio Tubes and In- 
candescent Lamps) (B113-38T) is 
being extended to include round, rec- 
tangular, and flattened wire where the 
ratio of width to thickness does not 
exceed 10, and a footnote has been added 
referring to the bend test method C, 
described in the 1936 report of the 
committee. With this revision the 
method is being recommended for adop- 
tion as standard. 

A method of test for resilience of strip 
(determined by measuring the amount 
of spring-back when flexed) is being 
developed at the request of the radio 
industry. A test of this character is 
already in use. 

Subcommitice V on Wrought and Cast 
Alloys for High-Temperature Use (R. D. 
Van Nordstrand, acting chairman).— 
A high-temperature bend test intended 
for use on bars is under consideration, 
employing a small electric furnace with- 
in which the bars are tested. 

Subcommittee VII on Thermostat 


be 220 (1938). 


indicated earlier in this report, the 
Tentative Method of Test for Flexivity 
of Thermostat Metals (B 106 - 39 T) has 


been recommended for adoption as 
The 


standard with minor revisions. 
subcommittee is now preparing methods 
of test for hardness and for electrical 
resistance. 


Subcommittee VIII on Metallic Ma- 


terials for Radio Tubes and Incandescent © 
Lamps (A. L. Chapman, chairman).— 
On the recommendation of this sub-_ 
committee proposed Methods of Testing — 
Sleeves and Tubing for Radio Tube — 
Cathodes are being presented for pub- 
lication as tentative, as referred to 
earlier in this report. These test 
methods have been prepared at the 
request of the Radio Manufacturers 
Association. An earlier draft of the 
methods was published as information 
in the 1938 report of the committee.® 
Considerable work has been done by 
the subcommittee in testing the thick- 
ness of nickel plating on thin steel strip 
using the Magnegage, and good agree- 
ment has been found with results ob- 
tained by chemical analysis. Further 
tests are being made. Methods of test 
for stiffness, brittleness, and hot tensile 
strength of tungsten wire are under 
consideration. Also, three laboratories 
are working on high-temperature tests 
of filament materials for radio tubes. 
Subcommittee IX on Methods of Test 
for Alloys in Controlled Atmospheres 
(P. H. Brace, chairman).—The study 
of the action of “combusted gas” at- 
mospheres on nickel-chromium resistor 
alloys has been continued, with four 
laboratories cooperating. Questions re- 
main as to the causes of the “penetrat- 
ing” type of deterioration, that type 
which causes substantially complete 
internal oxidation and embrittlement 


‘6 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
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without striking dhenanet in external ap- 
pearance. Two laboratories have suc- 
ceeded in reproducing the effect, while 
two others have failed, after repeated 
attempts. The fuels used differed, but 
the analysis of the resultant atmospheres 
was substantially the same. The rate 
of movement of the atmosphere with 
reference to the surface of the specimen 
is now regarded as a possible controlling 
factor. Further work has been planned 
with the thought of segregating the 
effects of fuel, rate of movement of test 
atmosphere, and cyclic variation of its 
composition. There is some reason for 
thinking that sulfur may play a part. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 44 members; 35 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
DEAN HARVEY, 
Chairman, 
F. E. Basu, 
ta Gtr id 
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REPORT OF COMMITTEE B-5 


ON 


COPPER AND COPPER ALLOYS, CAST AND WROUGHT 


Committee B-5 on Copper and Copper 
Alloys held two meetings during the 
year: in Atlantic City, N. J., on June 
29, 1939, and in Washington, D. C., 
on March 1, 1940, with an attendance 
at the two meetings of the committee 
and its subcommittees of 51 and 45, 
respectively. In addition to these two 
meetings, the various subcommittees 
held a series of meetings in New York, 
N. Y., on December 11 and 12, 1939, 
at which 40 members were present. 

The following additions and changes 
in membership have been approved: 


W. W. Edens, Ampco Metal, Inc. 

L. M. Long, Bunting Brass and Bronze Co. 

L. L. Stott, Beryllium Corporation of Penn- 
sylvania. 

H. R. Klein, Bohn Aluminum and Brass Co. 

R. S. Chadbourne, Boston Edison Co. 

E. B. Powell, Association of Edison Illu- 
minating Cos. 

L. S. Fletcher, U. S. Army Ordnance Dept., 
Frankford Arsenal. 

E. C. Jeter, Ford Motor Co. 

J. B. Abele, Philadelphia Electric Co. 

W. L. Bowler, Pure Oil Co. 

W. E. Caldwell, Consolidated Edison Com- 
pany of New York. 

B. J. Higgins, Linderme Tube Co. 

F. M. Harris, Pacific Gas and Electric Co. 

F. C. Fyke, Standard Oil Development Co. 

G. H. LeFevre, U. S. Smelting, Refining, 
and Mining Co. 

E, J. Edwards, American Locomotive Co. 

H. Y. Bassett to replace O. Z. Klopsch, 
representing the Wolverine Tube Co. 

J. J. Curran replacing F. H. Morehead, 
representing the Walworth Co. 

H. L. Smith replacing William Romanoff, 
representing the Non-Ferrous Ingot Metal In- 
stitute, with the latter named as alternate. 

P. L. Irwin replacing J. A. Hance represent- 
ing the Baldwin Locomotive Works. 


A. L. Boegehold to represent General Motors 
Corp., previously without a designated repre- 


sentative. 

H. J. Stein, representing Allis-Chalmers 
Manufacturing Co., replacing R. S. MacPherran, 
deceased. 

G. H. Tinker representing the New York, 
Chicago, and St. Louis Railway Co., resigned. 

A. L. Gemeny representing the American 
Association of State Highway Officials, deceased. 


At the present time the committee 
consists of 100 members, of whom 84 
are voting members; 32 are classified as 
producers, 34 as consumers, and 18 as 
general interest members. 


Subsequent to the 1939 annual meet-— 
ing, Committee B-5 presented to the 


Society through Committee E-10 on 
Standards revisions of the following 
tentative specifications; ST 


Tentative Specifications for: 
Brass Sheet and Strip (B 36 - 38 T), 


36 T), 


Copper-Silicon Alloy Plate and Sheet (B96- 


Leaded Brass Sheet and Strip (B 121-39 T), 


and 
Leaded-Nickel-Brass 


for Sand Castings (B 123 - 39 T). 


and Leaded-Nickel- 
Bronze (Nickel-Siiver) Alloys in Ingot Form an 


The first three recommendations were > 


accepted! by Committee E-10 on August _ 


24, 1939, and the fourth recommendation — 


was accepted on October 27, 1939. 
The specifications in their revised form 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee B-5 reported the following 
results of the letter ballot vote of a total of 57 ballots 
returned from a committee membership of 74: B 36 - 38 Ze 
affirmative 38, negative 0, ballots marked “‘not voting” 19; 
B 96 - 36 T, affirmative 39, negative 0, ballots marke “not 
voting” 18; ’B 121 - 39 T, athirmative 38, negative 0, ballots 
marked ‘not voting” 19; B 123 - 39'T, \ 32, 
negative 0, ballots marked “not voting” 25 
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appear in the 1939 Book of A.S.T.M. 
Standards.? 

The revised Standard Specifications 
for Copper Water Tube (B 88 - 39) 
have been approved by the American 
Standards Association as American 
standard (ASA No. H23.1-1939), and 
the Tentative Specifications for Copper- 
Base Alloy Forging Rods, Bars, and 
Shapes (B 124-39T) have been ap- 
proved as American tentative standard 
(ASA No. H7-1939). Likewise, the 
Tentative Classification of Cast Copper- 
Base Alloys (B119-39T) has been 


Tentative Specifications for Brass Sheet 
and Strip (B 36 — 39 T):4 


Section 3—Change the copper content 
of alloy No. 8 from “64.5 to 67.5 per 
cent” to read “64.0 to 67.5 per cent.” 

Add a footnote to the table referring 
to alloy No. 8 to read as follows: 


Material to be free from beta constituent 
when examined at 75. 


Table I.—Change the Rockwell super- 
ficial 30-T hardness values from their 
present form to read as shown in the 
accompanying 

|. 


TABLE I.—ROCKWELL SUPERFICIAL 30-T HARDNESS VALUES. ~~ 


No. 2 


Nos. 5 and 6} Nos. 7 and8 


= 


hard 
alf hard 


SRASKSE 


73 
75 
76 


endorsed by the American Foundrymen’s 
Association. 


—_ I. New TENTATIVE STANDARDS 


The committee recommends that the 
following new specifications be accepted 
for publication as tentative:* 


Tentative Specifications for: 
Cartridge Brass Cartridge Case Cups, 
Gilding Metal Sheet and Strip, bears 
Gilding Metal Bullet Jacket Cups, bus 
Copper Rods, Bars, and Shapes, buted 
Brass Wire, 

Miscellaneous Brass Tubes, and 
Leaded High-Strength Yellow Brass (Man- 
ganese Bronze) Sand Castings. 


II. REVISION OF TENTATIVE 
STANDARDS 


The committee recommends revision 
of the following six tentative specifica- 
tions, as given in detail below: 


21939 Book of A.S.T.M. Standards, Part I, pp. 1096, 
1128, 1103, 1074. 

’’These specifications were accepted as tentative by 
the Society and appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part I, pp. 425, 429, 434, 375, 407, 386, 
and 369, respectively. 


Tentative Specifications for Copper-Silicon 
Alloy Plate and Sheet (B 96 — 39 T): 


Section 8.—Add the following sentence 


For purposes of these specifications, —_ A 


and C shall be considered to weigh 0.309 lb. 
per cu. in. 


Tentative Specifications for Copper and 
Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B1II 
39 


Table I.—Change the chemical re- 
quirements for admiralty metal and 
aluminum brass from their present 


4 1939 Book of AS.T.M. Standards, Part I, p. 109 


[bid., p. 1128. 
8 Tbid., p. 1092. 
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Admiralty® 
Copper, min., per cent®.... 70.0 76.0 
PET CORE... 0.90 to 1.20 1.25 max. 
Aluminum, per cent ....... 1.75 to 2.50 
Nickel, per cent........... nah 1.25 max 
Lead, max., per cent....... 0.075 0.075 
Iron, max., per cent....... 0.06 0.06 
Zinc, per cent............. remainder remainder 


@ Silver counting as copper. 

If agreed upon between the manufacturer and the 
purchaser, these alloys may contain a maximum of 0.15 
per cent antimony, or 0.10 per cent arsenic, or 0.20 per 
cent phosphorus. 


to read as shown in the accompanying 
Table II. 

In the case of the chemical require- 
ments for arsenical copper, change the 
copper content from ‘99.20 per cent, 
min.” to read ‘99.45 per cent, min.,” 


On COPPER AND COPPER ALLOYS 


TABLE II.—CHEMICAL REQUIREMENTS. 


zation. This requirement does n 
hard-drawn tubes, end annealed, in which case 
no microscopic examination is required. 


Tentative Specifications for Brass Pipe 
Standard Sizes (B 43 39 


Section 4.—In the case of Muntz 
metal and high brass, eliminate the 
chemical requirement for tin which _ 
reads “0.15 per cent, max.” 

Change the chemical requirements for _ 
admiralty metal to bring them in line 
with the requirements for admiralty _ 
metal recommended above in Specifica- 

4 


tions B 111 — 39 T in so far as lead and 7 
iron are permitted, by changing the iron ~ 


Aluminum, | 


per cent 


per cent per cent; 


Tron, 
max., 


Zinc, 
per cent 


0.06 | remainder |0.10max.| ..... | ..... 
0.06 | remainder | ..... |. 


| remainder 
| remainder 
| remainder 
remainder 


® Silver counting as copper. 
Total other impurities, 0.30 per cent, max. 


and change the arsenic content from 
“0.15 to 0.75 per cent” to read ‘0.15 to 
0.50 per cent.” 

Section 6 (a).—Change to read as 
follows by the addition of the italicized 
words and figures and the omission of 
the words in brackets: 


6. (a) A microscopic examination of the an- 
nealed tubes selected for test, except those of 
Muntz metal, shall show sufficient annealing for 
complete recrystallization with [a] uniform grain 
size. The grain size shall not be less than 
0.010 mm. nor [not] in excess of 0.045 mm. [in] 
average diameter. Muntz metal tubes shall 
have been so annealed that when magnified at 
75 diameters a properly prepared specimen 
shall show uniform and complete recrystalli- 


to read “0.06 per cent, max.,” and the | 

lead content from ‘0.07 per cent, max.” — 

to read “0.075 per cent, max.” 7 
Revise the chemical requirements for : 

red brass to agree with the corresponding 

Government specifications, by changing 

the copper content from “84.00 to 87.00 

per cent” to read “83.00 to 86.00 per 

cent,” the lead content from ‘0.07 


per cent, max.” to read “0.06 per — 


max.,” and the iron content from | 
“0.07 per cent, max.” to read “0.05 
per cent, max.” 


Section 7.—Change the length of the 


‘7 1939 Book of A.S.T.M. Standards, Part I, p. 1083. 


él a” 
it 
nt 
he 
x. $$$ 
Type | per cent per cent | per cent | per cent 
; A......--.| 70.0 to 73.0 | 0.90to1.20| ..... 0.075 
B.........| 70.0 to 73.0 | 0.90 to 1.20 0.075 
70:0 to 73.0 | 0.90 to 1.20 0.075 
D.......--| 70.0 to 73.0 | 0.90to1.20| 0.075 
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A.........| 76.0 min. | 4.75 to 2.50 | 0.075 | 0.06 
1.75 to 2.50 | 0.075 0.06 10 max. 
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test specimen for the mercurous nitrate 
test from “3 in.” to read “6 in.” 

Length Tolerances.—Add a new Sec- 
tion 13 on length tolerances to read as 
follows, renumbering the subsequent 
sections accordingly: 


13. (@) Lengths of round seamless pipe shall 
conform to the tolerances prescribed in Table IT 
(accompanying Table IIT). 

(6) In the case of specified straight lengths 
with ends included, at least 75 per cent by 
weight shall be the length specified, 25 per cent 
by weight may be shorter, but no piece shall be 
less than 50 per cent of the length specified. 

(c) Material ordered to random mill lengths 
shall include pipe of any lengths between 7 and 
14 ft., at the discretion of the manufacturer. 


TABLE III.-TOLERANCES IN INCHES FROM 
SPECIFIED LENGTHS OF ROUND 
SEAMLESS PIPE. 


Note.—All tolerances in this table are plus. 


Straight Lengths 


- | Over 


Outside Diameter, 
in. 


Over 
6 to 
| 14 ft. 


1 and under 
Over 1 to 2 


Tentative Classification of Cast Copper- 
Base Alloys (B 119 39 T):8 


. Change the description of leaded tin 
bronze from “lead over 0.5 per cent, 
under 8 per cent” to read “lead over 0.5 
per cent, under 6 per cent.” 

Change the description of high-leaded 
tin bronze from “lead over 8 per cent” 
to read “‘lead over 6 per cent.” 

Change the description of leaded 
bronze from “lead over 20 per cent” to 
read “lead over 30 per cent.” 


" entative Specifications for Bronze Cast- 
ings for Turntables and Movable 
Bridges and for Bearing and Expansion 
Plates of Fixed Bridges (B 22 — 38 T):° 


8 1939 Book of A.S.T.M. Standards Part I, p. 1077. 
9 Ibid., p. 1071. 
10 Tbid., p. 1118. 


Table I—In the case of class C 
castings, change the chemical require- 
ment for “copper, 82 per cent, max.” 
to read “copper plus tin plus lead plus 
nickel, 98.50 per cent, min.” Change 
the lead content from “8 to 11 per cent” 
to read “9 to 11 per cent,” and the 
phosphorus content from ‘0.7 to 1.0 
per cent” to read ‘0.10 per cent, min.” 
Add a requirement for nickel to read “1 
per cent, max.” and omit the require- 
ment for other impurities which reads 
“0.5 per cent, max.” 

Table II.—Add physical properties 
for class C castings to read “‘maximum 
compression under 10,000 psi... .. 0.001 
in.” 


Tentative Specifications for Beryllium- 
Copper Alloy Bars, Rods, Sheet, Strip, 
and Wire (B 120 — 39 T):'° 


The revision being recommended in 
these specifications consists primarily 
of a rearrangement of the tabulated 
requirements which will make the specifi- 
cations in their revised form" more 
useful to the purchaser. 


III. REvistons oF STANDARDS 


The committee recommends for im- 
mediate adoption, revisions in certain 
specifications, as indicated below, and 
accordingly asks for the necessary nine- 
tenths vote at the annual meeting in 
order that these modifications may be 
referred to letter ballot of the Society: 


Standard Specifications for Seamless Cop- 
per Boiler Tubes (B 13 —- 33; A.S.M.E. 
Boiler Construction Code No. S-22): 


The following revisions are recom- 
mended in order to bring the require- 
ments for arsenical copper in line with 
thos: proposed above in Specifications 
B 111 - 39 T: 

4 These specifications were accepted as tentative by 
the Society and ap epee in the — Supplement to Book of 


A.S.T.M. Standards, Part I 
12 1939 Book of A.S.T.M. A Part I, p. 632. 
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Copper AND Copper ALLOYS 


Section 3 (a).—Change from its pres- Section 11.—Add a new sentence at — 

ent form: namely, the end of this section to read as follows: 
(a) Arsenical Copper.—Arsenical copper shall 

contain from 0.15 to 0.35 per cent of arsenic, For purposes of these specifications, types A 

and shall not contain more than 0.120 per cent and C shall be considered to weigh 0.309 Ib. 

of impurities, exclusive of arsenic and silver. per cu. in., and type B 0.316 Ib. per cu. in. 


TABLE IV.—ANALYSIS OF LETTER BALLOT VOTE. 


Items Affirmative Negative 


I. New TENTATIVE STANDARDS 

. for Cartridge Brass Cartridge Case Cups.... 

. for Gilding Metal Sheet and Strip 

. for Gilding Metal Bullet Jacket Cups 

. for Copper Rods, Bars, and Shapes 

. for Brass Wire 

. for Miscellaneous Brass Tubes 
pec. for Leaded High-Strength Yellow Brass (Manganese Bronze) 
Sand Castings 


II. Revistons oF TENTATIVE STANDARDS 


Spec. for Brass Sheet and Strip (B 36 - 39 T) 

Spec. for Copper-Silicon Alloy Plate and Sheet (B 96 - 39 T) 

Spec. for Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule 
Stock (B 111 - 39 T) “ 

Spec. for Brass Pipe, Standard Sizes (B 43 - 39 T) 

Classification of Cast Copper-Base Alloys (B 119 - 39 T) 

Spec. for Bronze Castings for Turntables and Movable Bridges and for 
Bearing and Expansion Plates of Fixed Bridges (B 22 - 38 T) 

Spec. for eed Alloy Bars, Rods, Sheet, Strip, and Wire 
(B 120 - 39 T) 


III. Revistons OF STANDARDS 
Spec. for Seamless Copper Boiler Tubes (B 13 - 33), immediate adoption. 
Spec. for Sheet Copper-Silicon Alloy (B 97 - 39), immediate adoption... . 
Spec. for Copper-Silicon Alloy Rods, Bars, and Shapes (B 98 - 39), imme- 
diate adoption 
Spec. for Copper-Silicon Alloy Wire for General Purposes (B 99 - 39), im- 
mediate adoption 
Spec. for Steam or Valve Bronze Castings (B 61 - 36), immediate adoption. . 


IV. Apoption OF TENTATIVE STANDARDS AS STANDARD 


V. REVERSION OF STANDARDS TO TENTATIVE 
. for Cartridge Brass (B 19 - 29), as revised 
. for Naval Brass Rods for Structural Purposes (B 21 - 29), as revised. . 
. for Seamless Copper Tubes (B 75 - 30), as revised 


VI. WiTHDRAWAL OF STANDARDS 
. for Cartridge Brass Disks (B 20 - 29)..................ceceseees 
. for Leaded-Nickel-Brass and Leaded-Nickel-Bronze (Nickel-Silver) 


Alloys in Ingot Form for Sand Castings (B 123 - 39 T) | 


to read as follows: Standard Specifications for Copper-Silicon 
(a) Arsenical Cop per.—Arsenical copper shall Alloy Rods, Bars, and Shapes (B 98 - 
have a purity of at least 99.45 per cent as deter- 39), and for Copper-Silicon Alloy 


mined by electrolytic assay, silver being counted . SY 14 
as copper, and the arsenic content shall be 0.15 Wire for General Purposes (B 99 - 39): 


to 0.50 per cent. The total of impurities shall . . 
not exceed 0.120 per cent, exclusive of arsenic At the end of these specifications add 


and silver. an Explanatory Note to read as follows: 


Standard Specifications for Sheet Copper- Nore.—For purposes of these specifications, 
Silicon Alloy (B 97 — 39): the density shall be taken as 0.309 Ib. per cu. in. 


— of A.S.T-M. Standards, Part I, p. 646. for types A and C, and 0.316 lb. per cu. in. for 
4 Ibid., pp. 625, 650 
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Leaded-Nickel-Brass 


Standard Specifications for Steam or 
Valve Bronze Castings (B 61 — 36):* 


Section 3.—Change the chemical re- 
quirement for lead from “1.5 to 2.0 
per cent” to read “1.0 to 2.0 per cent.” 


IV. ADOPTION OF TENTATIVE 
= STANDARDS AS STANDARD 


The committee recommends that the 
following two tentative specifications 
be approved for reference to letter ballot 
of the Society for adoption as standard: 


Tentative Specifications for:® 


Rolled Copper-Alloy Bearing and Expansion 
Plates for Bridge and Other Structural Uses 
(B 100 - 38 T), and 

Phosphor Bronze Sheet and Strip (B 103 - 
39 T). 

V. REVERSION OF STANDARDS 
TO TENTATIVE 


The committee recommends that the 
following three standard specifications 
be reverted to tentative and revised:!” 


Standard Specifications for: 


Cartridge Brass (B 19 — 29), 

Naval Brass Rods for Structural Purposes 
21-29), and 

Seamless Copper Tubes (B 75 — 30).!8 


VI. WITHDRAWAL OF STANDARDS 


The committee recommends the with- 
drawal of the Standard Specifications 
for Cartridge Brass Disks (B 20 — 29), 
and the Tentative Specifications for 
and Leaded- 


_ Nickel-Bronze (Nickel-Silver) Alloys in 
_ Ingot Form for Sand Castings (B 123 - 


" The recommendations appearing in 


this report have been submitted to 
letter ballot of the committee which 


18 1939 Book of A.S.T.M. Standards, 
pp. 1131, 1112. 

vv 1 These specifications were accepted as tentative by 
the Societ ,&— and appear in the 1940 Supplement to Book 
«Of A.S.T. rds, Part I, pp. 419, 380, 391. 

18 See rant Note, p. 186. 

19 1939 Book mH on S.T.M. Standards, Part I, p. 659. 

Ibid., p. 107 


Part I, p. 600. 


wiv 


consists of 83 voting members, with 
the results shown in Table IV. 


ACTIVITIES OF SUBCOMMITTEES 


In an effort to render the various 
specifications under the jurisdiction of 
Committee B-5 more useful to industry, 
the various subcommittees have been 
cooperating with Governmental bureaus, 
such as the War Department, Federal 
Specifications Executive Committee, the 
Navy Department, Bureau of Aeronau- 
tics, and other agencies, in an effort to 
correlate the requirements of A.S.T.M. 
specifications and the corresponding 
Governmental specifications. It is the 
thought of this committee that by 
such correlation industry may be better 
prepared to supply the raw materials 
required by these agencies in case of 
emergency. Furthermore, it is hoped 
that the various Governmental agencies 
will be apprised of the various tech- 
nological advances made in _ industry 
and consequently that both sets of 
specifications will be so prepared as to 
reflect the latest and best commercial 
practices. 

Subcommittee I on Copper-Zinc Sheet 
and Strip (G. H. Harnden, chairman) 
has prepared revised Specifications for 
Cartridge Brass Sheet, Strip, and Disks, 
and new Specifications for Cartridge 
Brass Cartridge Case Cups, for Gilding 
Metal Sheet and Strip, and for Gilding 
Metal Bullet Jacket Cups. A review 
of the uses in industry of the Standard 
Specifications for Cartridge Brass 
(B 19 — 29) and for Cartridge Brass 
Disks (B 20 — 29) indicated that radical 
revisions of these two specifications 
were desirable. As a result of coopera- 
tive efforts with the War Department, 
Specifications B 19 have been reverted 
to tentative and revised to include 
requirements for both cartridge brass 
sheet and disks. Accordingly, it is 
recommended that the present Specifi- 
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cations for Cartridge Brass Disks 
(B 20 — 29) be withdrawn since 
these requirements no longer cover 
the needs of industry, whereas revised 
Specifications B 19 will not only cover 
requirements for cartridge brass sheet 
and strip but also for cartridge brass 
disks. In addition, new specifications 
were prepared to cover the needs of 
industry and the War Department with 
respect to gilding metal, cartridge case 
cups, and bullet jacket cups. 
Subcommittee I has also recommended 
minor revisions in the Tentative Specifi- 
cations for Brass Sheet and Strip 
(B 36 — 39 T) by changing the chemical 
composition of alloy No. 8 to agree with 
present commercial practice and modify- 
ing the Rockwell superficial hardness 
values of the 30-T scale to agree with 
present commercial limits. During the 


past year, a need has also arisen in 
industry to cover the manufacture of 
brass sheet and strip by hot-rolling 


practices. Accordingly, minor revisions 
in Specifications B 36 — 39 T have been 
undertaken to facilitate this practice. 

Subcommittee II on Copper-Tin Sheet 
and Strip (R. J. Wheeler, chairman) 
has recommended the adoption as stand- 
ard of the Tentative Specifications for 
Rolled Copper-Alloy Bearing and Ex- 
pansion Plates for Bridges and Other 
Structural Uses (B 100 —- 38 T), and 
for Phosphor Bronze Sheet and Strip 
(B 103 - 39 T). 

Subcommitiee III on Copper-Nickel- 
Zinc Sheet and Strip (E. S. Bunn, chair- 
man) is investigating the effect of small 
amounts of aluminum and magnesium 
on the physical properties of copper- 
nickel-zinc and copper-nickel alloys. 
This will ultimately lead to revision of 
the chemical composition requirements 
in the Tentative Specifications for Cop- 
per-Nickel-Zinc and Copper-Nickel Alloy 
Sheet and seaaed = 122 - 39 T) to insure 


higher quality of these materials 
control of the aluminum content.] fay 7 
Subcommittee IV on Miscellaneous Cop- 
per-Base Sheet and Strip Alloys (L. A 
Ward, chairman) has recommended a ~~ 
revision of the Tentative Specifications _ 
for Beryllium-Copper Alloy Bars, Rods, 
Sheet, Strip, and Wire (B 120 — 39 T) 
which will make these specifications 
more useful to the purchasers of this 
type of material. This subcommittee _ 


the Standard Specifications for Sheet — 
Copper-Silicon Alloy (B 97 — 39) and * 
the Tentative Specifications for Copper- _ i 
Silicon Alloy Plate and Sheet (B 96- 

39 T) to include density requirements 

for the various types of alloys covered 

by these specifications, to meet con- | 
sumer demand for information of this 
type. 

Subcommittee V on Miscellaneous Cop- 
per-Base Wire and Rod Alloys (W. H. 
Bassett, Jr., chairman) has recommended 
that the Standard Specifications for 
Naval Brass Rods for Structural Pur- 
poses (B 21 — 29) be reverted to tenta- — 
tive and revised to include two new 
leaded naval brass alloys being used 
extensively in industry. Minor revi- 
sions in the present alloy, which will 
be designated grade A, are recommended 
to meet the requirements of the Navy 
Department. The two new leaded — 
alloys will be designated grades B and C, 
respectively. The subcommittee has 
also recommended for publication as 
tentative new Specifications for Copper 
Rods, Bars, and Shapes for general use, 
to meet the requirements of the Navy 
Department and industry for an alloy 
of this type, and Specifications for Brass 
Wire for which no specification require. 
ments were available. oy 

Minor revisions have been recom- 
mended in the Standard Specifications 
for Copper-Silicon Alloy Rods, Bars, 
and Shapes (B 98 39), and for 
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Silicon Alloy Wire for General Purposes 
(B 99 — 39) to include density require- 
_ ments for the various alloys covered by 
these specifications. These changes are 
in line with those which have been 
recommended above by Subcommittee 
IV in Specifications B 96 — 39 T and 
B97 - 39. 
_ Subcommittee VI on Condenser Tubes 
-(G. C. Holder, chairman) has recom- 
-mended changes in the Tentative Specifi- 
_ cations for Copper and Copper-Alloy 
_ Seamless Condenser Tubes and Ferrule 
‘Stock (B 111-39 T). These revisions 
consist essentially of the introduction 
of four grades of admiralty metal and 
_ four grades of aluminum brass condenser 
tubes, one of which contains no arsenic, 
antimony, or phosphorus, and three 
other grades, each of which permits the 
_ presence of small amounts of one of 
_ these elements, that is, arsenic, anti- 
- mony, or phosphorus as an added 
_ ingredient. These changes are made to 
cover various types of admiralty metal 
and aluminum brass tubes which have 
found widespread usage in industry to 
meet specific engineering requirements. 
Other minor changes have been recom- 
- mended to improve the quality of the 
materials covered by these specifications. 
Subcommittee VII on Copper or De- 
| oxidized Copper Tubes (H. Y. Bassett, 
chairman) has recommended that the 
Standard Specifications for Seamless 
Copper Tubes (B 75 — 30) be reverted 
to tentative and revised" to bring the 
specifications in line with present indus- 
trial requirements. It has also recom- 
mended minor revisions in the Standard 
Specifications for Seamless Copper Boiler 
Tubes (B 13 ~ 33). The latter changes 
- are intended to bring the requirements 
_ of these specifications in line with the 
changes being made in the condenser 
“abe specifications (B 111 - 39 T). 
A revision of the Standard Specifica- 
tions for Copper Water Tube (B 88-39) 
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to limit light temper to types K and L 
tubes is now under consideration. 

Subcommittee VIII on Copper Alloy 
Tubes for General Use (Alan Morris, 
chairman) recommends a revision of the 
composition of the various alloys listed 
in the Tentative Specifications for Brass 
Pipe, Standard Sizes (B 43 — 39 T), to 
effect better agreement with the require- 
ments of other A.S.T.M. specifications, 
such as the condenser tube specifications 
(B 111 - 39 T). It is recommending, 
also, the publication as tentative of new 
Specifications for Miscellaneous Brass 
Tubes for the purpose of controlling 
these materials since no specification 
requirements have been available here- 
tofore. 

Subcommittee IX on Copper-Base Alloy 
Forgings (L. A. Ward, chairman) has 
under consideration minor revisions in 
the Tentative Specifications for Copper- 
Base Alloy Forging Rods, Bars, and 
Shapes (B 124 — 39 T), which have been 
found desirable as a result of experience 
obtained from the use of the present 
engineering requirements. 

Subcommittee X on Copper-Base Alloys 
for Sand Castings (G. H. Clamer, chair- 
man) has recommended the withdrawal 
of the Tentative Specifications for 
Leaded-Nickel-Brass and  Leaded- 
Nickel-Bronze (Nickel-Silver) Alloys in 
Ingot Form for Sand Castings (B 123 - 
39 T) because requirements covering 
these alloys will be contained in the 
specifications for copper-base alloys in 
ingot form now in preparation. Minor 
revisions in the Tentative Classification 
of Cast Copper-Base Alloys (B 119 - 
39 T) are also recommended. The 
subcommittee has presented for publica- 
tion as tentative new Specifications for 
Leaded High-Strength Yellow Brass 
Castings. 

Work is rapidly approaching comple- 
tion on the new specifications for copper- 
base alloys in ingot form which will 
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replace the Standard Specifications for 
Copper-Base Alloys in Ingot Form for 
Sand Castings (B 30-36). It is antic- 
ipated that the new specifications will 
be presented to the Society through 
Committee E-10 on Standards subse- 
quent to. the annual meeting, in which 
case it will also be recommended that 
Specifications B 30-36 be withdrawn.* 

Subcommittee X also recommends 
that the Tentative Specifications for 
Bronze Castings for Turntables and 
Movable Bridges and for Bearing and 
Expansion Plates of Fixed Bridges 
(B 22 — 38 T) be revised to include physi- 
cal requirements as to maximum allow- 
able set for class C alloy and slight 
modifications in the chemical composi- 
tion of this same alloy to conform with 
present practice. 


Subcommittee XI on Methods of Test 
for Copper and Copper Alloys (A. J. 
Phillips, chairman) is conducting a 
series of tests to permit standardization 
of the mercurous nitrate test for copper- 
base alloys and the pin or expansion 
tests specified in various tube specifica- 
tions. It has also referred to Com- 
mittee E-1 on Methods of Testing the 
problem of standardizing the method of 
making Rockwell hardness tests on 
rods and tubes. 

Subcommittee XI has likewise dis- 
cussed the determination of the yield 
point as prescribed in the various specifi- 
cations under the jurisdiction of this 
committee. It is anticipated that a 
request for a change in the methods of 
specifying yield point will be made to 
Committee E-1 to insure uniformity in 
the various specifications covering non- 


ferrous metals. __ 


A 

Subcommittee XII ‘on Publication of 
General Information (C. S. Cole, chair- 
man) is preparing a paper on the 
classification of wrought copper and 
copper-base alloys. It is also reconsid- 
ering the possibility of having all the 
A.S.T.M. specifications pertaining to 
copper-base alloys published as a sepa- 
rate compilation. et 


A special committee, consisting of 
J. R. Freeman, Jr., and J. W. Bolton, 
is cooperating with the Joint A.S.M.E.- 
A.S.T.M. Research Committee on Effect _ 
of Temperature on the Properties of 
Metals in considering the effect of | 
temperature on the non-ferrous alloys 
under the jurisdiction of Committee — 
B-5. It is hoped that as a result of this 
cooperation, specific information will be 
made available on the effect of tempera- 
ture on tensile strength and modulus of ri F 
elasticity, with a recommendation with 
respect to the maximum temperature for 
continuous operation of the various Pl 
materials. 


The present officers of Committee 
B-5 have been re-elected for the ensuing — 
term of two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 84 voting members; 51 mem-_ 
bers returned their ballots, of whom 47 = us 
have voted affirmatively and 1 nega- _ 
tively. 


Respectfully submitted on behalf of 
the committee, 


C. H. GREENALL, ; 
Chairman. 


C. H. Davis, 
Secretary. 
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; Subsequent to the annual meeting Committee B-5 presented to the Society 
through Committee E-10 on Standards new Tentative Specifications for 
Copper-Base Alloys in Ingot Form for Sand Castings as a revision of and to 
replace immediately the Standard Specifications for Copper-Base Alloys in 

_ Ingot Form for Sand Castings (B 30-36); also a revision of the Tentative 
Specifications for Seamless Copper Tubes (B 75-40T). These recommenda- 
tions were accepted by Committee E-10 on August 28, 1940, and the new and 
: mye revised tentative specifications appear in the 1940 Supplement to Book of 
___ A.S.T.M. Standards, Part I, pp. 362 and 391. 
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Committee B-6 on Die-Cast Metals 
and Alloys held two meetings during the 
year: one in Atlantic City, N. J., on 
June 29, 1939, and one in Detroit, Mich., 
on March 6, 1940, with an attendance of 
33 and 44, respectively, at the two meet- 
ings of the committee and its subcom- 
mittees. Certain of the subcommittees 
also held other meetings at various times 
during the year. 

A balance of $185.42 is reported by 
Society headquarters in the fund of 
Committee B-6 as of December 31, 1939. 

The committee has undertaken to 
raise $2000 from producers and con- 
sumers of die castings to support an ex- 
tension of its present program of 
research. These funds are required to 
defray the expense of building exposure 
racks for the mounting of test specimens, 
transportation of these racks to the ex- 
posure locations, removal of test speci- 
mens from the racks and return to the 
testing laboratories as well as any ex- 
penses incidental to the cost of install- 
ing such racks on location. The various 
committee members contribute the test 
specimens required for these studies and 
make the necessary laboratory tests to 
determine initial physical properties and 
the physical properties after exposure. 
This program is an extension of the com- 
prehensive investigations! carried out by 
Committee B-6 on 12 aluminum- and 


1 Report of Subcommittee V on Exposure and Corrosion 
Tests of Committee B-6 on Die-Cast Metals and Alloys, 
Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, pp. 
265, 271 (1932), and Vol. 35, Part I, p. "190 (1935). 
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10 zinc-base alloys over a 10-year period 
and of studies now under way on five 
lead- and tin-base die-casting alloys, 
three zinc-base and four magnesium- 
base alloys as well as three aluminum- 
base alloys of varying degrees of purity, 
as discussed later in this report under 
the activities of Subcommittees I, ITI, 
and V. 

The committee is cooperating with a 
Joint Committee, composed of repre- 
sentatives of Committees A-5 onCorro- 
sion of Iron and Steel, and B-3 on Cor- 
rosion of Non-Ferrous Metals and Alloys 
in the preparation of specifications for 
electrodeposited coatings on ferrous and 
non-ferrous alloys. As a result of this 
work proposed tentative specifications 
covering various electrodeposited coat- 
ings are being prepared for presentation 
to the Society. 

Committee B-6 has under considera- 
tion the advisability of relinquishing 
jurisdiction in the matter of standards 
for electrodeposited coatings to a separ- 
ate standing committee which it has 
been suggested be organized to handle 
such standards. This suggestion has 
been referred by the Executive Com- 
mittee of the Society to the officers of 
the interested standing committees. 

The advisory committee has recom- 
mended changes in the by-laws of Com- 
mittee B-6 in those sections covering the 
attendance of members at meetings and 
the return of letter ballots. 

_ A number of additions and changes in 
the membership of the committee have 
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been approved during the year. At the 
present time the committee consists of 
80 members, 67 of whom are voting 
members; 26 are classified as producers, 
23 as consumers, and 18 as general in- 
terest members. 


I. REVISION OF TENTATIVE STANDARD 


The committee recommends that the 
Tentative Specifications for Magne- 
sium-Base Alloy Die Castings (B 94 - 
39 T)? be revised as follows and con- 
tinued as tentative: 

Section 3—In the table of chemical 
composition omit the requirements for 
alloys Nos. 12 and 13 which read ‘“‘other 
ingredients (cadmium, tin) ...0.3 per 
cent, max.” 

Following the table add two notes to 
read as follows: 


Nore 1.—Analysis shall regularly be made 
only for the elements specifically mentioned in 
this table. If, however, the presence of other 
elements is suspected or indicated in the course 
of routine analysis, further analysis shall be 
made to determine that these other elements are 
not in excess of 0.3 per cent. 

Note 2.—The following applies to all 
specified limits in this table: For purposes of 
acceptance and rejection an observed value or a 
calculated value obtained from analysis should 
be rounded off to the nearest unit in the last 
right-hand place of figures used in expressing 
the specified limit. 


This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 67 voting members; 
47 members returned their ballots, of 
whom 34 have voted affirmatively, 0 
negatively, and 13 members marked 
their ballots “not voting.” 


II. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


The committee recommends that the 
following tentative specifications be 


2 1939 Book of A.S.T.M. Standards, Part I, p. 1151. 
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continued as without reyj- 
sion: 
Tentative Specifications for: 

Aluminum-Base Alloy Die Castings (B 85- 


39 T), 

Zinc-Base Alloy Die Castings (B 86 - 38 7), 
and 

Lead- and Tin-Base Alloy Die Castings 
(B 102 - 39 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum-Base 
Die-Casting Alloys (E. E. Thum, chair- 
man) has completed the 5-yr. tests on 
the three special aluminum-base alloys 
Nos. IVa, Va, and V. The results of 
these tests, compiled by E. H. Dix, Jr., 
are given in Appendix I. 

The chairman reported that the prob- 
lem of harmonizing the Tentative Speci- 
fications for Aluminum-Base Alloy Die 
Castings (B 85 — 39 T) with the U. §. 
Government specification for aluminum 
die castings, which was considered at 
the June, 1939, meeting, has been solved 
in a very satisfactory manner, the sub- 
committee having received from the 
Procurement Division of the Govern- 
ment a revised copy of the federal speci- 
fication in which the composition limits 
have been made to conform with those 
of the A.S.T.M. specifications. Minor 
changes have been made in the Govern- 
ment specification with respect to the 
chemical limits for certain special alloys 
of high purity required by some of the 
Arsenals, but the great bulk of the die 
castings will be bought under commercial 
composition requirements as contained 
in the A.S.T.M. specifications. 

Subcommittee I is arranging with two 
producers for the die casting of test 
specimens of an alloy of 8 per cent mag- 
nesium, balance aluminum, to be desig- 
nated alloy No. 101, one set to be made 
on a gooseneck type of machine, and 
the other on a plunger type. Bars are 
to be segregated hour by hour during 
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the production of a full shift in order to 
study the effect of time on composition, 
that is, loss of magnesium and iron 
pickup. Tension and impact tests and 
chemical analyses will then be used to 
determine the selection of bars for fur- 
ther studies, including salt spray, out- 
door exposure, and other tests. Nos. 
102 to 112, inclusive, have been reserved 
for future aluminum-base alloys which 
may be studied by the subcommittee. 
The subcommittee is seeking wider co- 
operation from various testing labora- 
tories in the conducting of salt spray 
tests. 

Subcommittee II on Zinc-Base Die- 
Casting Alloys (C. T. Prendergast, 
chairman) has been reorganized. Be- 
cause of ill health, C. E. Heussner, who 
for many years has ably served as chair- 
man of this subcommittee, has felt it 
necessary to relinquish his duties. Sub- 
committee II has under consideration 
a proposed revision of the Tentative 
Specifications for Zinc-Base Alloy Die 
Castings (B 86 — 38 T) with respect to 
the composition requirements for alloy 
No. XXV. 

Subcommittee III on Tin- and Lead- 
Base Die-Casting Alloys (G. O. Hiers, 
chairman) is continuing its studies on 
the five lead- and tin-base die-casting 
alloys. The creep studies on these 
alloys have been started but no data will 
be available for approximately two 
years, 

Subcommittee IV on Physical Tests of 
Die Castings (R. L. Templin, chairman) 
is considering impact and fatigue testing 
of die castings. The size and shape of 
the Charpy impact specimen are being 
reviewed and the type of specimen suit- 
able for use in the impact-tension test- 
ing of die-cast specimens has been 
referred to this subcommittee for study. 

Subcommittee V on Exposure and Cor- 
rosion Tests (W. M. Peirce, chairman) 
is continuing its studies of the atmos- 


pheric corrosion tests of die-casting 
alloys. As discussed earlier in this re- 
port, it plans to extend these studies 
provided the necessary funds are raised 
among the members of Committee B-6. 

The 12 aluminum-base alloys Nos. I 
to XII are still being continued in the 
atmospheric corrosion tests after an ex- 
posure period of 10 years. The results 
of inspections and tests of these alloys — 
after 1-year and 5-year exposures were 
included in the 1932 and 1935 reports.! 

Specimens of the 10 zinc-base die-cast- 
ing alloys which were also inspected and 
tested after exposures of 1 and 5 years’ 
have now been exposed for 10 years at 6 : 7 
outdoor and 4 indoor locations. Speci- 
mens have been removed at the end of © 
this 10-year exposure period and the > 
results of these tests are given in Ap- _ 
pendix II. 

The data include the results of tests 
for tensile strength, elongation, Charpy 
impact strength, Brinell hardness, and 
expansion of all the alloys except alloy 
No. XXI. In the case of alloy No. © 
XXI, the specimens are being continued 
in the atmospheric corrosion tests but 
the expansion data on this alloy are 
given in Table II of Appendix II. None 
of the zinc-base alloys included in the > 
tests are in commercial use today al- 
though alloy No. XXI with slight modi- 
fications is identical with that now _ 
covered in the Tentative Specifications — 
for Zinc-Base Alloy Die Castings (B 86 
-38T). However, as a result of a 
investigations carried on by the sub- — 
committee, the improvements in alloy 
No. XXI and the introduction of two © 
new alloys, designated alloys Nos. 
XXIII and XXV, have resulted in 
widespread commercial usage of zinc- 
base die-casting alloys. 

Exposure tests on three new zinc- 
base and four magnesium-base alloys — 
die cast late in 1938 are now — 
way 
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Subcommittee VI on Finishing Proper- 
ties of Die Castings (J. C. Fox, chairman) 
is preparing a series of papers covering 
all the up-to-date methods of finishing 

_ various types of die-casting alloys. 
_ These papers will probably be presented 
_ to the Society at the 1941 annual meet- 
_ ing. This subcommmittee has also been 
- cooperating with the Joint Committee, 
mentioned earlier in this report, in the 
__ preparation of specifications for electro- 
deposited coatings on ferrous and non- 
ferrous alloys. 

Subcommittee VII on Magnesium-Base 
Die-Casting Alloys (J. A. Gann, chair- 
man) has recommended a minor revision 
in the Tentative Specifications for Mag- 
nesium-Base Alloy Die Castings (B 94 
- 39T), as mentioned earlier in this 
report, to conform with changes being 
recommended by Committee B-7 on 


Light Metals and Alloys* in the Ten. 
tative Specifications for Magnesium- 
Base Alloy Ingot for Remelting (B 93 
39 T). 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 67 voting members; 44 mem- 
bers return their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
Cheirmen. 
Secretary. 
SAG 


3 See p. 202. 
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APPENDIX I 


AN INVESTIGATION OF ALUMINUM DIE-CASTING ALLOYS © 
Nos. IVa, Va, AND V 


The 1935 report! of Subcommittee I 
described the preparation of the speci- 
mens for this investigation and presented 
the results of chemical analyses and 
“original” mechanical properties tests. 
The following year the results of the 
accelerated corrosion tests were pub- 
lished,! with the general conclusion that, 
although the differences were not large, 
the resistance of alloy No. Va to severely 
corrosive conditions was superior to 
that of alloys Nos. IVa and V. AI- 
though it was planned to examine both 
visually and under the microscope 
specimens removed from the atmospheric 
exposures annually, these plans went 
awry and the first examination of this 
type was made only last year.? 

The present report describes the ex- 
amination and tests of specimens re- 
moved from the atmospheric exposure 
tacks after an exposure of 5 yr. The 
results, as were expected, show rela- 
tively small differences between the 
several materials, largely because cor- 
rosion has not progressed to a significant 
degree. 


Description: 


Since Table I of the 1935 report! de- 
tails the distribution of specimens in 
the tests, it will suffice here merely to 
say that three racks, each containing 


1An Investigation of Aluminum Die-Casting Alloys 
Nos. [Va and Va, Appendix I, Report of Committee B-6 
on Die-Cast Metals and Alloys, Proceedings, Am. Soc. 
Testing Mats, Vol. 35, Part I, p. 184 (1935); Vol. 36, Part I, 
p. 182 (1936). 

2 Report of Committee B-6 on Die-Cast Metals and 
Alloys, Proceedings, Am. Soc. Testing Mats., Vol. 39, 
p. 278 (1508). 


: 


180 round tension specimens and 60 flat 


tension specimens, were exposed at the | 


Sandy Hook, N. J., New York, N. Y., 
and Altoona, Pa., test sites. 


cordance with the practice established 
by Subcommittee V, the round speci- _ 


horizontal plane. The flat specimens 
since they were to be employed for 


studying the rate of surface attack, were 


exposed so that one flat surface was 
horizontal. 


At the end of 5-yr. exposure, 60 round 


tension specimens and 12 of the flat — 
specimens were removed from each rack 
Since there 


for test and examination. 
are two lots of three alloys in the test, 


this provided 10 round and 2 flat speci- . 
Five of 


mens of each material. 
round specimens of each material were 
tested by the Hawthorne Plant of the 
Western Electric Co. while the other 


five were tested by the Aluminum Re- 
Each laboratory — 


search Laboratories. 
tested five “blanks” of each material 


taken from a group stored indoors for — 
As with the specimens from the | 


5 yr. 


port), the mechanical property tests 
were made with Amsler hydraulic testing _ 


mens. 


were determined by the aid of an auto- 
matic, autographic electrical extenso-— 
The visual and microscopic ex- 
aminations of the flat specimens were — 
made by the Aluminum Research Labo- 


meter. 


In ac- | 


im- 
93 7 
tee 
of | 
ich 
m- 
om 
Ps 
an. 
q 
rcceler 
machines using the testing procedures ae 
regularly employed for non-ferrous speci- a 
engths reported 


15431 (IVa, 
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ratories; the latter, using polished and 
etched transverse sections and a magnifi- 

Test Results: 
Tables I and II show the average 
mechanical properties of the “blanks” 
tested after 5-yr. storage indoors and 
the percentage change in properties for 
the specimens exposed at the three out- 
door stations (as compared with the 


exposures were relatively slight and the 
differences from station to station and 
between the different alloys are believed 
to be of about the same magnitude as the 
errors inherent in measuring and record- 
ing the results. In all probability, the 
small differences noted are largely the re- 
sult of small variations in the properties 
of the test bars always to be expected 
in any castings. In fact, it is for this 
reason that Table II has been prepared. 


TABLE I.—INVESTIGATION OF ALUMINUM DIE-CASTING ALLOYS NOS. IVa AND Va. RESULT 
EXPOSURE TO THE ATMOSPHERE FOR 5 YR. P — 


Original Properties* 


Sandy Hook, N. J. 


New York, N. Y. Altoona, Pa. 


Percentage Change 


Percentage Change Percentage Change 


Alloy” 


in., per cent 


Yield Strength, 
psi. 


Tensile Strength, 
Elongation in 2 


Strength 
Strength 


Elongation 
in 2in 
Eloncation 
in 2in 
Elongation 
in 2 in 


Yield 
Yield 


‘0. 14865 (TVa) 
. 15431 (1Va) 


. 14866 (Va) 
. 15432 (Va) 


. 14867 (V) 
15433 (V) 


—9.5 —11.1 
+5.8 4 | —1.9 


—13.3 .9 |—40.0 
|—34.8) 
—4.0 +0.3 |—16.0) 
—16.7 | —4.9 |—11.1| 


No. 14865 27 980 —3.6 
—5.6 


No. 34280] .... A —4.7 
No. 15432 (Va. 28 420 —2.0 


No. 14867 36160 | .... —2.2 


—7.3 
—11.3 


0 0 
—11.7 


+33.4 


@ Average of 5 specimens stored 5 yr. indoors. 


» Alloys Nos. 14865, 14866, and 14867 (Nos. IVa, Va, and V, respectively) were cast by the Aluminum Company of 
America. Alloys Nos. 15431, 15432, and 15433 (Nos. IVa, Va, and V, respectively) were cast by the General Electric Co. 


© Average of 4 specimens; one lost. 


“blanks”). Figure 1 shows, in a differ- 
ent form, the tensile strength of the 
various specimens after 5-yr. storage or 
exposure. In Table III are given the 
results of the microscopic examination 
of the flat specimens. The results of 
the visual examination are incorporated 
in the discussion. 

Drawing conclusions from the data 
_ given in Tables I to ITI is open to justifi- 
able criticism because the effects of the 


Discussion: 


Table I shows the results reported by 
each testing laboratory for the specimens 
tested by it. Since the properties of the 
“blanks” tested by the two laboratories 
varied somewhat, differences in the cal- 
culated changes in properties of the 
exposure specimens would be expected 
even in the absence of corrosion. To 
avoid this difficulty, the results from the 
two laboratories were averaged to secure 
the data of Table II. 

It is not believed that the data war- 


rant 
of tl 
corre 
Such 
P in tl 
secul 
Vi 
men: 
s TAI 
— 
be | No. 1: 
4 TESTED BY ALUMINUM RESEARCH LABORATORII 1! 
22 425 10500 | 6.3 | —1.9| +1.9 -2.3 | -0.5 | 0 
26540 | 12650 | 5.2 | —0.1 | —0.4 -3.8 | —1.2 0 
Ne 33530 | 16600 | 3.0 | —1.6| -3.1 | 40.9 | -6.7 
29 820 | 17 500 | 2.3 | —4.8| —1.4 —9.5 | +3.4 |—34.8 
35370 | 19500 | 2.5 | —0.7| +1.3 | -0.7 | —1.8 |—20.0 
30140 | 20350 1.8 —9.3 | —4.7 | —5.6 | —3.9 |—44.4 
TesteD BY WESTERN Etectric Co. 
- | —3.7 | .... | +36 | 
| 
3 
son 
anc 
bet 
Yo 
hoy 
4 sion 
4 Die- 
. ing | 
\ 


in 2 in. 


a co 
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rant any conclusion other than that none 
of the samples has suffered significant 
corrosion in the period under discussion. 
Such a result certainly is not surprising 
in the view of the results previously 
secured by Subcommittee V.* 
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severe. Based on appearance, alloy 
No. IVa was the most and alloy No. V am 
the least resistant to corrosion at Sandy _ » 
Hook although the depth of attack 
measurements (Table III) do not en- 


tirely support this observation. There 


mens indicated that Sandy Hook was 


Visual examination of the flat speci- was almost no difference in the appear- 


ance of the specimens from the New 


TABLE II.—INVESTIGATION OF ALUMINUM DIE-CASTING ALLOYS NOS. IVa AND Va. AVERAGE 
RESULTS OF EXPOSURE TO THE ATMOSPHERE FOR 5 YR. 


Data are average of 10 specimens without regard to testing laboratory. 


Original Properties | Sandy Hook,N.J. | New York, N. Y. 


Percentage Change | Percentage Change 


Elonga- 
Tensile ston 


in 2in., | Tensile 
: per cent | Strength 


Elonga- Elonga- 
tion in 
2 in. 


Tensile 
Strength 


Tensile 
Strength 


Vo. 14865 (TVa) 
. 15431 ([Va) 


. 14866 (Va) 
. 15432 (Va) 


27 700 
27 120 


—2.8 
—2.9 

33 900 | —3.2 —10.7 —3.5¢ 

29 120 —3.3 —5.0 | —10.5 
—1.4 
1.5 


—4.3 —2.9 


—3.4 —3.1 
—3.8 —3.7 


35 760 
30 830 


. 15433 (V) 


® Average of 9 specimens. 


—23.5 —6.2 
A:-Tested by Aluminum Research Laboratories 
B:7ested by Western Electric Company och 


35000+ 


5 


} Sandy Hook 


S 
+9) 


RS 


York 


Mg 
gy 


WH 


N 
ABABAB 
15432 


BABAB ABABAB 

14865 15431 14866 14867 
Alloy Wa Alloy Ma Alloy 


Fic. 1.—Effect of 5-yr. Exposure to the Atmosphere on the Tensile Strength of 
Alu.ninum-Alloy Die Castings. 


ABABAB 
15433 


ABABAB 


> 
o 


somewhat the least corrosive location 
and that there was not much difference 
between the specimens from the New 
York and Altoona test sites; the latter, 
however, seemed slightly the more 


York and Altoona test sites, largely 
because the soot and dirt which had 
collected on the surface masked the true 


surface of the specimens. 


The results of the tests and examina- 
tions of specimens exposed for 5 yr. at 
Sandy Hook, New York, and Altoona 


Conclusioms: 


Report of Subcommittee V on Exposure and Corro- 
sion Tests, Appendix II, Report of Committee B-6 on 
Die-Cast Metals and Alloys, Proceedings, Am. Soc. Test- 
ing Mats., Vol. 35, Part I, p. 190 (1935). 
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several materials. 


104 at 
indicate that alloys Nos. IVa, Va, and 
V all have a sufficiently high resistance 
to corrosion that none suffer, in this 
time, a significant change in mechanical 
properties. It is therefore not possible 


REPORT OF B- 6 


grades, although, in industrial locations 
the soot and dirt deposits mask the 
small differences in resistance to corro- 
sion which exist at the end of 5 yr. The 
microscopic measurements recorded in 


TABLE III.—RESULTS OF MICROSCOPIC EXAMINATION OF FLAT SPECIMENS EXPOSED 5 YR. 
.—Measurements made on one transverse section at a magnification of 100X. All specimens were corroded 


Note 
principally by attack of the constituent network. 


Depth of Attack, in. 


‘ 


Alloy 


Sandy Hook, N. J. 


New York, N. Y. Altoona, Pa. 


Maximum 


Average 


Maximum Maximum 


- 14865 (IV: 
. 15431 (IVa) 


- 14866 (Va) 
15432 (Va) 


. 14867 (V) 
. 15433 (V) 


0.0067 
0.0042 


0.0059 
0.0056 


0.0062 
-0056 


0.0036 
0.0034 


0.0045 
0.0039 


0.0045 
0.0036 


0.0064 
0.0070 


0.0062 
0.0070 


0.0056 
0.0073 


to establish any order of merit for the 
There is, however, 
nothing in the present data to suggest 


that the superior rating given alloy 


No. Va in the accelerated tests should 
be modified. Visual examination con- 


- firmed the accelerated tests in indicating 


that the high-purity alloys are more 
resistant to attack—at least at sea coast 


Table III, however, do not entirely sup- 
port the visual examination, probably 
because of sampling errors, the type of 
attack and the limited extent to which 
the attack has progressed in 5 yr. 


Respectfully submitted on behalf of 
Subcommittee I, 


locations —than the ponent commercial 
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APPENDIX II 


TABLE I.—PHYSICAL PROPERTIES AND EXPANSION DATA ON ZINC-BASE DIE-CASTING ALLOY 
SPECIMENS AFTER 10-YEAR ATMOSPHERIC EXPOSURE. 


| | 
Brinell | 
| Elonga- Hardness, 
|, tion 500-kg. load, Expansion, 
folk ena by in Lh 10-mm. ball, in. per 6 in. 
¥ in. Bars) Pp | 30 sec. 


Exposure 


Location 


Tensile Strength, 
psi. 


$3838 


No. XIIT Outdoors | Key West, Fla 
Sandy Hook, N 
New York, N. Y 


Indoors Coco Solo Islands, C. Z...... 
New Kensington, P 
Cambridge, Mass 

Hanover, N. Mex 


Outdoors | Key West, Fla 

Sandy Hook, N. J........... 
New York, N. 

Altoona, Pa 

Rochester, N. Y 

State College, Pa 


Coco Solo | 

ambridge. 
Hanover, N. Mex 


an aceon 

3 3333 
oooo 


esse 
w 


ecaana 


Rochester, N. Y 
State College, Pa 


Coco Solo Islands, C. Z...... 
New Kensington, Pa 
Cambridge, 

Hanover, N. 


No. XIII Outdoors | Key West, Fla..... 
Sandy Hook, N 
New York, 
Altoona, Pa.. 
Rochester, N. Y.... 
State College, Pa. 


Coco Solo Islands, C. Z...... 
New Kensington, Pa 
Cambridge, 

Hanover, N 


Key West, Fla 
Sandy Hook, N. 
New York, N. Y 


Rochester, N. Y 
State College, Pa........... 


Indoors Coco Solo Islands, C. Z...... 
| New Kensi 
| Cambridge, 
| Hanover, N. Mex 


Outdoors | Key West, Fla 
| Sandy Hook, N. J 
| New York, 
Altoona, Pa 
Rochester, N. Y.. 
State College, Pa.. 


Indoors | Coco Solo Islands, C. Z.. 
New rides, Mass. Pa 
Hanover, N. Mex.. 


oo «4 


= 
mn 
~ 


soso 


ec aS 


US | 
~ 


ooo OOO 


WV 


* No tests conducted. (I) —Izod (impact machine). 
Specimens were missing at the exposure location or (R)—Rockwell hardness, Scale E (14-in. ball, 100-kg. 
broken i in shipment. 


oad). 
° No data reported. (S)—Schopper (impact machine). 


ns 
Pro- | a 
“he Alloy ducer 
Type a 
in 
0.3 61 0.0331 
0.2 () 68 (R) | 0.0082 
| Rochester, N. Y............. b 
| State College, Pa. b | b 
63 | 0.0238 
64 0.0054 if 
No. | D 63 0.0297 
18 100 72 0.0076 
48 19 000 69 0.0067 
48 
9300 | 0.3 77 0.022 
17800 | 0.3 71 0.004 
12900 | 0.5 (S) 72 0.00881 
t 19600 | 0.5 82 (R) 0.0038 
bly No. XIII R_ | Outdoors | Key West, Fla...............| 9200 b b b 7 ' 
y Sandy Hook, N.J...........| 14200 | 0.3 66 0.0077 
e of New York, N. Y............| 10900 | 0.3 (I) 74 (R) 0.0079 : 
ich | 
Indoors | 11 300 64 0.0199 
bel 13 900 69 0.0104 ala 
0 18 700 74 (R) 0.0041 
$600 72 0.0197 
13200 68 0.0107 ‘ 
42900 78 (R) 0.0089 
8 400 79 0.0168 
12 000 68 0.0085 
10 200 76 0.0100 
19 200 81 (R) 0.0024 
No.XIV | C | Outdoor 10 200 71 0.0671 outs 
24 600 73 0.0312, 
18 200 82 (R) 0.0337 
ona, Pa 27 300 0.0338 
b 70 0.0257 a 
= 
| 12 900 70 |} 0.0771 
15 900 72 0.0324 
| 12 100 75 0.0339 
29 700 83 (R) 0.0225 Brie. 
No.XIV | D 0.1812 
20 700 87 (R) 0.0529 
2500 a 0.0480 
‘| 10 900 16 | 70.0638 
‘| 100 82 0.0677 
‘| 18 600 87(R) | 0.0334 -_ 
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TABLE I.—PHYSICAL PROPERTIES AND EXPANSION DATA ON ZINC-BASE DIE-CASTING ALLOY 
SPECIMENS AFTER 10-YEAR ATMOSPHERIC EXPOSURE.—Continued. 


Exposure 


| wardnes 
Stren th, lint? in 500-kg_ load,’ &*P2nsion, 
ft-lb. by! *+/10-mm. ball, Per 6 in. 


Type Location \ in. Bars) 30 sec, 


0.2 
0.2 
0.1 (1) 
0.2 


>0.2112 


» | Tensile Strength, 


| 


Outdoors | Key West, Fla............... 


wn 


State College, 


Coco Solo Islands, C. 
New Kensington, Pa 

Cambridge, 

Hanover, N. 


Outdoors | Key West, Fla 
Sandy Hook, N. J 
New York, N. Y 
Altoona, Pa 
Rochester, N. Y 
State College, Pa 


Indoors Coco Solo Islands, C. 

ew 
ambridge 

Hanover, N 


Outdoors | Key West, Fla 
Sandy Hook, N. J 
New York, N. Y 


Rochester, N. Y 
State College, Pa 


Coco Solo Islands, C. 
New Kensin 
Cambridge, 

Hanover, N. Mex 


wow 
~ 


= 
~ 


~ 
— 
— 


~ 


Indoors Coco Solo Islands, C. 
New Kensington, Pa 
Cambridge, Mass 
Hanover, N. 


= 
nm 


Outdoors 
Sandy Hook, N. J..... 
New York, N. Y. 


= 


Indoors Coco Solo Islands, C. Z... 
ic New Kensington, Pa.... 
Cambridge, 
Hanover, N. Mex 
Outdoors | Key West, Fla 
Sandy Hook, N. J... 
New York, N. Y... 
Altoona, Pa........ 
Rochester, N. Y.... 
State College, Pa............ 


Indoors Coco Solo Islands, C. 
New Kensington, Pa 
Cambridge, Mass..... 
Hanover, N. Mex 


(S) 


No tests conducted. (I)—Izod (impact machine). 


Specimens were missing at the exposure location or (R)—Rockwell hardness, Scale E (14-in. ball, 100-kg. 
broken in shipment. ad 


No data reported. 


). 


4 
— 
196 
ops r 
Alloy | | Al 
XIV R No. 2 
Sandy Hook, N 0 0.1091 
New York, N. 17 (R) 0.0991 
| Altoona, Pa | 0.0842 
= | 0.2 9 0.1168 
16000} 0.5 38 (R) 0.0533 
No. XIV b b No. 2 
37 100 5 (R) | 0.0350 
25 000 31 | 0.0306 
17-400 32 | 0.0857 
i 17 800 87 0.0417 
25 300 39 (R) | 0.0251 
No. XIV | T — No. : 
20900 68 0.0411 
18 100 82 (R) 0.0438 
16100 81 (R) 0.0275 
; —< No. XV C | Outdoors | Key West, Fla...............| 29800 87 0.0227 No. 
>> Sandy Hook, N. J...........| 47 200 98 0.0091 
: te New York, N. Y:...........| 46 100 | 83 (R) 0.0084 
4 Altoona, Pa.................| 49 200 0.0087 
Rochester, N. 95 (R) 0.0074 
State College, 93 0.0036 
Z......| 43 300 86 | 0.0147 
49 500 93 | 0.0119 
pe 50 300 95 | 0.0078 
50 400 96 (R) 0.0071 
4 00 -0138 
39 900 87 (R) | 0.0138 
. 41 500 bad | 0.0126 
oe | | Rochester, N. b 97(R) | 0.0105 
| State College, 44 500 03 | 0.0086 
22 700 85 0.0317 
39 200 98 0.0176 
37 000 06 0.0142 
42 400 96 (R) 0.0100 
No. XV 33 500 94 0.0233 No. 
54 100 07 | 0.0058 
4 rah 200 ot 
b 99 (R) 0.0036 
54 wed 99 0.0029 
je? 37 600 95 0.0210 
49900 104 (R) | 0.0063 
broke 
| 
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TABLE I.—PHYSICAL PROPERTIES AND EXPANSION DATA ON ZINC-BASE DIE-CASTING ALLOY 
SPECIMENS AFTER 10-YEAR ATMOSPHERIC EXPOSURE.—Continued. 


Exposure 


Charpy Brinell 
nga- 
Strength, |, tion Expansion, 
in 2 in., §. lin. per 6 in. 
Location by per cent|!0-mm. Lall, 
4 4 in. Bars 


Key West, Fla 

Sandy Hook, N. J 

New York, N. Y 

Altoona, Pa 

§ 
State College, Pa 


Coco Solo Islands, C. Z...... 
New Kensington, Pa 
Cambridge, Mass............ 


Hanover, N. Mex............ 


Outdoors | Key West, Fla..... 
Sandy Hook, N. J. 
New York, N. Y... 
Altoona, Pa 
Rochester, N. Y..... 
State College, Pa 


Coco Solo Islands, C. Z... 
New Kensington, Pa 
Cambridge, 

Hanover, N. 


- 


ressss 


8 


28 BES 


~ 


ress 


Rochester, N. Y 
State College, Pa 


Indoors -| Coco Solo Islands, C. Z...... 
-| New Kensington, Pa 
Cambridge, Mass 

Hanover, N. Mex 


Outdoors | Key West, Fla 
New York, N. Y 

Altoona, Pa 

Rochester, N. 

State College, Pa 


Indoors Coco Solo Islands, C. Z...... 
New Kensi 

Cambridge, 

Hanover, N. Mex 


Key West, Fla 
Sandy Hook, N. J 
New York, N. Y 
Altoona, Pa 
Rochester, N. Y 
State College, Pa 


= 
~ 


233; 


2228 
REA 


oop 


Indoors Coco Solo Islands, C. Z...... 
New Kensington, Pa 
Cambridge, 

Hanover, N. Mex 


No. XVI Key West, Fla 


Hook, J 
be 


22 


= 
~ 


Coco Solo Islands, C., Z...... 
New Kensington, Pa 
Cambridge, 

Hanover, N. Mex 


1. 
1. 
1 

1. 
0. 
1. 
1. 
1. 
0 

0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
2 

0 

1 

1. 
1. 
1. 
1 

0 

1 

1 

1 


* No tests conducted. (I)—Izod (impact machine). 


Specimens were missing at the exposure location or b—-Ghahwdl baste. Scale E (-in. ball, 100-kg. 
broken in shipment. 


No data reported. 


(S)—Schopper (impact machine). 


4 
Pro- 
on, 
Alloy ducer 
Type 
No. XV S | Outdoors 23 000 
1 40 000 ~ 
7 45 000 
4 
2 Indoors 29 100 
8 41 200 an 
6 39 500 
3 45 200 
6 34 600 
Indoors 13 000 
7 33 200 ity 
7 29 400 
37 300 
No. XVI C | Outdoors | Key West, Fla...............| 30900 
Sandy Hook, N. J...........| 48 900 
38 New York, N. Y............] 46 300 ae 
3 Altoona, Pa 46,000 
18 s0 300 0079 
05 41 600 82 0.0177 Ra 
19 44 600 83 0.0137 ; 
il 47 200 97 0.0114 
15 49 100 95 (R) 0.0112 
7 No. XVI D 28 200 92 0.0288 ba 5 
ot 42 100 100 0.0130 
84 41 900 87 (R) 0 
87 46 400 0 
74 97 (R) 
36 49 500 104 7 
47 29 900 88 
19 43 900 98 oy 
78 43 700 107 
48 200 97 (R) 
356 No. XVI S | Outdoor veceeese| 20600 89 a 
086 43 200 99 
317 14 000 93 
176 34 800 98 
142 38 300 104 | 7 
100 42 700 95 (R) Pring 
058 40 200 86 
065 40300 82 (R) A 
068 41 400 a 
036 . 93 (R) J 
029 46 300 92 3 
210 37 200 88 0.046 
125 43 600 86 0.0105 
079 43 800 93 0.0072 
063 || 43 300 94 (R) 0.0087 


TABLE I.—PHYSICAL PROPERTIES AND EXPANSION DATA ON ZINC-BASE DIE-CASTING ALLOY 
SPECIMENS AFTER 10-YEAR ATMOSPHERIC EXPOSURE.—Continued. 


Exposure 
Charpy Elon Brinell 
ga- 
Impact tion Hardness, Expansion, 
Strength, in 2 in. 500-kg. load, in. per Gin 
by per cent 10-mm. ball, 


Location 


Key West, Fla............... 
Sandy Hook, N. J........... 
New York, N. Y 


Res Tensile Strength, 


Coco Solo Isla: 

New ridge, Sas... 
Cambridge, 
Hanover, N. Mex.. 


= 
~” 
~ 


Outdoors | Key West, Fla 
Hook, 


lap! 


Hanover, N. 


Outdoors | Key West, Fla 
Sandy Hook, N. 
New York, N. Y 


ross 
G 
— 


Coco Solo Islands, C. Z... 
New Kensington, Pa. 
Cambridge, Mass 

Hanover, N. Mex............ 


ross 


Coco Solo Islands, C. Z.... 
New Kensington, Pa 
Cambridge, 

Hanover, N. Mex 


Outdoors | Key West, Fla 
Sandy Hook, N. J 
New York, N. Y 


moss 


~ 


Indoors Coco Solo Islands, C. Z 
New Kensington, Pa.. 
Cambridge, Mass... 
| Hanover, N. 


West, Fla 
| Sandy Hook, 
New York, N. Y: 


lap! 


eg Solo Islands, C. Z...... 
New Kensington, Pa 
Cambridge, Mass 
Hanover, N. Mex 


= 
~ 


esses 


¢ Ne tests conducted. (I)—Izod (impact machine). 
pecimens were missing at the ‘exposure location or Pick — —Rockwell hardness, Scale E (14-in. ball, 100-kg. 


broken in shipment. 
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TA 
Pro- 
| i Alloy ducer | Al 
Type 
‘ 
— 
ss No. XVII | D | Outdoors 94 0.0432 No. 3 
97 0.0092 
84 (R) 0.0101 
Al na, ra.... 0.0072 
Rochester, N. ¥ 97 (R) 0.0068 
State College, Pa............| 39 800 104 0.0050 
Indoors 25 000 91 0.0202 
4 34 600 100 0.0111 
31 700 106 0.0078 
34 200 97 (R) 0.0052 
No. XVII 18 200 6 0.0360 No. 
33 500 6 0.0109 
33 400 9 (R) 0.0123 
| Altoona, Pa............-.--.| 37300 0.0080 
ee | Rochester, N. Y.............| 16 (R) 0.0059 
> aie | State College, Pa............| 39 400 7 0.0049 
Indoors | Coco Solo Islands, C. Z......| 25 700 13 0.0293 
4 a on, Pa.........| 35 200 19 0.0122 
ass............| 35.900 10 0.0084 
flex............| 37 800 (R) 0.0049 
No. XVII 18 500 35 0.0441 
26 500 35 (R) 0.0125 
Altoona, Pa... 32,600 a 0.0081 
Rochester, N. Y. (R) 0.0064 
State College, Pa. 35 400 0.0052 
Indoors 27 300 02 0.0222 
34 900 04 0.0115 
f 36 100 08 0.0075 
g 34 800 95 (R) 0.0051 
3 os No. XVIII | C | Outdoors | Key West, Fla...............| 13 100 48 0.0356 No. | 
Sandy Hook, N. J...........| 20600 45 0.0160 
New York, N. Y............| 16 600 59 (R) 0.0123 
Altoona, Pa.................| 18,300 a 0.0155 
| Rochester, N. 6 62 (R) 0.0154 
Px: or State College, 19 200 50 0.0101 
al 
Indoors 11 400 48 0.0276 
4 17 500 51 0.0131 
: 16 500 54 0.0090 
19 200 64 (R) 0.0133 
No. XVIII | 10.600 0.0541 No. 
8.100 a 0.0207 
Rochester, N. b 70 (R) 0.0173 
r State College, 9 900 55 0.0127 
@ 
e 62 0.0536 
12 400 58 0.0242 
10 800 51 0.0236 
11 100 71 (R) 0.0218 
7 Outdoors ae) 38 0.0428 No. 
14.900 | 55 0.0217 
14.600 65 (R) 0.0201 
| 14.100 a 0.0213 
Rochester, N. b 70 (R) 0.0186 
am State College, 17 900 52 0.0180 
i war Indoors b 58 0.0407 
12 400 61 0.0182 
14 900 61 0.0146 
q 15 100 70 (R) 0.0094 
a: 
broke 


€ 


TABLE I.—PHYSICAL PROPERTIES AND EXPANSION DATA ON ZINC-BASE DIE-CASTING ALLOY 
SPECIMENS AFTER 10-YEAR ATMOSPHERIC EXPOSURE.—Concluded. 
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Exposure 


Tmpact 

Strength, 4 500-kg. load, ey 
ft-lb. (4 by| per cent|!0-mm. Per 
in. Bars) 


Type Location 


Tensile Strength, 


Outdoors | Key West, Fla 
Sandy Hook, N. J 
New York, N. Y 
Altoona, Pa 
Rochester, N. Y 
State College, Pa 


— 


OO 


OOF 


Indoors Coco Solo Islands, C. 
New Kensington, Pa 
Cambridge, Mass 
Hanover, N. Mex 


Outdoors | Key West, Fla 
Sandy Hook, N. J 
New York, N. Y 
Altoona, P 
Rochester, N. Y 
State College, Pa 


Indoors Coco Solo Islands, C 
New Kensington, Pa 
Cambridge, Mass we 
Hanover, N. Mex............ 


Outdoors | Key West, Fla............... 
Sandy Hook, N. J 

New York, N. Y 

Altoona, Pa 

Rochester, N. Y 

State College, Pa 


Indoors Coco Solo Islands, C. 
New Kensington, Pa 
Cambridge, 
Hanover, N. 


Outdoors | Key West, Fla 

Sandy Hook, N. J 

New York, N. 

Altoona, Pa 

Rochester, N. Y 

State College, Pa............ 


~ 


4 


=> 
~ 


Indoors Coco Solo Islands, C. 
New Kensington, Pa 
Cambridge, 
Hanover, N. 


coooo 
Or > 
O 


om 


Outdoors 


Altoona, Pa 
Rochester, N. Y 
State College, Pa 


Indoors Coco Solo Islands, C. 
New Kensington, Pa 
Cambridge, 
Hanover, N. Mex 
Outdoors | Key West, Fla 
Sandy Hook, N. J 
New York, N. Y 
Altoona, Pa 
Rochester, N. Y 
State College, Pa 


Coco Solo Islands, C. 
New Kensington, Pa 
Cambridge, 

Hanover, N. Mex 


Or 


= 


Pe WwW | PP 
SRS 
& 


& 


oo 


No tests conducted. (I)—Izod (impact machine). 
Specimens were missing at the exposure location . (R)—Rockwell hardness, Scale E (%-in. ball, 100-kg. 
broken in shipment. 7 


ad). 
*No data reported. (S)—Schopper (impact machine). 


a 
in. Alloy ducer | 2 
“he 
77 
= 78 (R) 
0.00 
a 0.0085 
Z......| 24 200 78 0.0191 
37 800 84 0.0063 
37 800 85 0.0030 
39-100 89 (R) 0.0017 
82 0.0251 ae 
86 om 0.0025 
89 (R) 0.0009 hg 
| 18 400 86 | 0.0257 5 ae 
34 500 89 0.0036 
35 000 86 0.0012 
9 38 000 91(R) | —0.0006 ae 
+1 No. XIX Z 23 300 71 0.0116 Phe. 
33 500 71 0.0024 
5 30 500 76 (R) 0.0030 ‘a. 
31 33 300 0.007 
52 36 500 a 
” Z......| 33 400 
5 35 900 
75 36 400 3 
51 35 700 Td 
56 No. XX c |} 11 500 + 
60 e 
23 27 600 
55 28 400 
54 b 
01 34 200 
76 | b 
31 23 800 
90 | 24 000 
33 30 200 
41 No. XX D | | Key West, Fla...............| 4700 b 
69 Sandy Hook, N. J...........| 26 300 85 0.0737 Be fy 
59 New York, N. Y.............] 23 400 88 (R) 0.0716 aed 
73 
36 7 b 
42 8 600 
36 16 100 
18 19 300 
128 No. XXII | C | 11 300 
17 13 900 
14 400 
186 b b 
130 b b 
107 8300 | 0.2 55 0.0395 
182 12 800 | 0.3 52 0.0209 
146 12900 | 0.8 (S) 63 0.0206 
094 | 13300 | 0.4 69(R) | 0.0198 
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TABLE II.—EXPANSION DATA ON ZINC-BASE ALLOY NO. XXI AFTER 10-YEAR ATMOSPHERIC 
EXPOSURE.® 


Exposure E 
Producer Expansion, 


; in. per 6 in, 
Location 


Key West, Fla 

Sandy Hook, N. J 

Altoona, Pa 


Coco Solo Islands, C. Z 
New Kensington, Pa 
Cambridge, 

Hanover, N. Mex 


Outdoors Key West, Fla 
Sandy Hook, N. J. 
New York, N. Y 
Altoona, Pa..... 
Rochester, N. Y... 
State College, Pa.. 


Coco Solo Islands, C. Z 
New Kensington, Pa 
Cambridge, 

Hanover, N. M 


wnrovo 


383 
ae 


Coco Solo Islands, C. Z 
New Kensington, Pa 
Cambridge, Mass 
Hanover, N. Mex 


Key West, Fla 

Sandy Hook, N. J. 
New York, N. Y.. 


Coco Solo Islands, C. Z 
New Kensington, Pa 
Cambridge, Mass 
Hanover, N. 


Key West, Fla 

New York, N. Y 

Altoona, Pa 

Rochester, N. Y 

State College, Pa 


Indoors Coco Solo Islands, C. Z 
New Kensington, Pa 
Cambridge, 

Hanover, N. 


* Specimens of alloy No. XXI are being re-exposed for an indefinite period and accordingly the tests 
properties were not made at the end of the 10-yr. exposure period. 


b Specimens were missing at the exposure location or broken in shipment. 


0.0067 
0.0085 
State College, Pa. 0.0064 
| 
| | Cc 
w a} 
XXI T Outdoors The 
0.0079 tota 
0.0074 
State College, Pa SOR 0.0062 gene 
002 
4 0.0086 com 
0.0066 whe 
for physical S 
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So 
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LIGHT METALS AND ALLOYS, CAST AND WROUGHT 


Committee B-7 on Light Metals and 
Alloys has held two meetings during 
the past year: the first in Atlantic City, 
N. J., on June 29, 1939, and the more 
recent in Detroit, Mich. on March 7, 
1940. 

Membership changes since the 1939 
annual meeting have included the ap- 
pointment of three new members and 
the reappointment of three members 
previously dropped because of change in 
employment. One resignation has been 
received. In addition, the classification 
of three members has been corrected. 
The membership of the committee now 
totals 47, of whom 21 are classified as 
producers, 18 as consumers, and 8 as 
general interest members. 

Several new subcommittee appoint- 
ments have been made, including repre- 
sentatives of the American Foundry- 
men’s Association to replace their former 
representative, Sam Tour. Also, J. D. 
Edwards, Aluminum Research Labora- 
tories, was appointed chairman of Sub- 
committee VI to replace T. S. Fuller 
who resigned. 

Subsequent to the 1939 annual meet- 
ing, Committee B-7 submitted to the 
Society through Committee E-10 on 
Standards new Tentative Specifications 
for Aluminum-Manganese Alloy Sheet 
and Plate for Use in Welded Pressure 
Vessels (B 126 — 39 T) and a revision 
of the Tentative Method of Test for 
Dielectric Strength of Anodized Alumi- 
num (B 110-38T). The new tentative 
specifications were prepared in response 
to a request by the Boiler Code Com- 


mittee of the American Society of Me- 
which committee 
also cooperated with Subcommittee III 
in the preparation of the specifications. —_ 
The revisions recommended in Tentative __ 
Method B 110 — 38 T were prompted | 

by comments received by Subcommittee | 

VI as a result of the initial distribution © 


chanical Engineers, 


of this method. These recommenda- _ 


tions were accepted' by Committee | 


E-10 on August 24, 1939, and the new 
and revised tentative standards appear 
in the 1939 Book of A.S.T.M. Standards? 

The following papers, prepared under 


the direction of Subcommittee VI are 


being sponsored by Committee B-7 for 
presentation at this annual meeting of 
the Society 


Anodic Coatings Seen Through the Micro- — 
scope, by F. Keller, Aluminum Company ~ 


of America, 


Thickness of Anodic Coatings on Aluminum, | 


by Junius D. Edwards, Aluminum Com- 
pany of America, 

The Abrasion Resistance of Anodically 
Oxidized Coatings on Aluminum, by H. G. 
Arlt, Bell Telephone Laboratories, Inc., 
and 


Electrical Breakdown of Anodically Oxidized 


Coatings on Aluminum: A Means of 
Checking Thickness of Anodized Finishes, 
by K. G. Compton and A. Mendizza, 
Bell Telephone Laboratories, Inc. 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee B-7 reported the following 


results of the letter ballot vote of a total of 27 ballots _ 


returned from a committee membership of 44: B 126-_ 
39 T, affirmative 17, negative 0, ballots marked “not 
voting” 10; B 110 - 38 safirmative 19, negative 0, bal- 
lots marked ‘‘not voting” 

: 1939 Book of A.S.T. uM Standards, Part I, pp. 1031, 


Tse pp. 948, 959, 967, and 978, respectively. 
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I. NEw TENTATIVE STANDARDS 


_ The committee is submitting for 
publication as tentative the following 
two new methods:* 


Tentative Methods of: 


Test for Weight of Coating on Anodically 
Coated Aluminum, and 


Test for Sealing of Anodically Coated 
Aluminum. 


II. REvIsIONS OF TENTATIVE 
STANDARDS 


The committee recommends that the 
following eleven tentative specifications 
be revised and continued as tentative. 
Four of the specifications are appended 
in their revised form,® while the revisions 
of the remaining seven are indicated 
below. These revisions are recom- 


mended in order to bring the specifi- 
cations in line with present commercial 
practices: 


Magnesium-Base Alloy Ingot he Remelting 


(B 93-39 


Magnesium-Base Alloy Sand Castings 
Magnesium-Base 
38 T),® 

_ Magnesium-Base Alloy Bars, Rods, and 
Shapes (B 107 — 38 T).® 

Magnesium-Base Alloy Sheet (B 90 - 38 T),® 
revised as follows: 
Section 2.—Change from its present form: 


Alloy Forgings (B 91 - 


namely, 


2. The alloys shall be made from virgin 
metal or from purified scrap metal of known 
composition. 


to read as follows: 


2. The materials used shall be such as to 
produce products that will conform to the 
requirements as to chemical composition and 


‘These methods were accepted as tentative by the 
Society and appear in the 1940 Supplement to Book of 
: A.S.T.M. Standards, Part I, pp. 339 and 338. 

5 These specifications were accepted as tentative by the 
Society and appear in the 1940 Supplement to Book of 
A.S.T.M. a ards, Part I, pp. 341, 343, 355, and 347, 
_respectivel y. 

61939 Book of A.S.T.M. Standards, Part I, pp. 1042 
to 1058, incl. and 1013 to 1034, incl. 


physical genaities prescribed i in these specifi- 
cations. 

Table I.—Add the following two notes under 
the title of this table: 

Nore 1.—Analysis shall regularly be made 
only for the elements specifically mentioned 
in this table. If, however, the presence of 
other elements is suspected, or indicated in 
the course of routine analysis, further analysis 
shall be made to determine that the total of 
these other elements is not in excess of the 
limits specified in the last column of the table. 

Note 2.—The following applies to all speci- 
fied limits in this table: For purposes of ac- 
ceptance and rejection, an observed value or a 
calculated value obtained from analysis should 
be rounded off to the nearest unit in the last 
right-hand place of figures used in expressing 
the specified limit. 

In place of the present footnote a in this 
table, add the requirements for nickel to the 
table, asfollows: 
1 


Alloy Nickel, max., 


- Aluminum Sheet and Plate (B 25 - 38 T).6 

Aluminum-Alloy (Duralumin) Sheet and 
Plate (Aluminum - Copper - Magnesium - 
Manganese) (B 78-39 T).® 

Aluminum-Manganese Alloy Sheet and Plate 
(B 79 — 38 

Aluminum-Alloy (Duralumin) Bars, Rods, 
Wire, and Shapes (Aluminum-Copper-Mag- 
nesium-Manganese) (B 89 39 T).6 

Aluminum - Magnesium - Chromium Alloy 
Sheet and Plate (B 109 — 39 T).6 

Aluminum-Manganese Alloy Sheet and Plate 
for Use in Welded Pressure Vessels (B 
126 — 39 T).® 


In the last ten specifications listed above 
the following change is recommended: 


Methods of Testing.—Add the following as a 
new section on methods of testing: 

The tension tests shall be made in accordance 
with the Tentative Methods of Tension Testing 
of Metallic Materials (A.S.T.M. Designation: 
E8) of the American Society for Testing 
Materials. 

Fig. 1.—Change the note regarding the radius 
at the end of the reduced section from “radius 
not less than } in.” to read “radius not less than 


view 
made 
tions 
Al 
(B 2 
for S 
Al 
Mol 
Al 
for ] 
[ 
T 
this 
0.03 lette 
0.03 
shov 
4 
Alu 
chai 
subi 
F spec 
the 
sior 
4 tha 
par 
| 
A 
unc 
: mit 
at 
4 rec 
be 
q nec 
jus 
i 


Key 


ve 


Ill. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


The committee also recommends, in 
view of a review that still needs to be 
made, that the following four specifica- 
tions be continued as tentative without 
hay? 
Tentative Specifications for: 

Aluminum-Base Alloy Sand Castings 
(B 26 - 37 T), 

Aluminum-Base Alloys in Ingot Form 
for Sand Castings (B 58 - 37 T), 

Aluminum-Base Alloy Permanent 
Mold Castings (B 108 — 38 T), and 

Aluminum-Base Alloys in Ingot Form 
for Permanent Mold Castings (B 112 - 
38 T). 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee which 
consists of 47 members, with the results 
shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum and 
Aluminum Alloy Ingots (D. L. Colwell, 
chairman).—During the past year this 
subcommittee has reviewed the various 
specifications under its jurisdiction. In 
the absence of any demands for revi- 
sions, the subcommittee recommends 
that these specifications be continued 
as tentative. This subcommittee has 
also considered the advisability of pre- 
paring specifications for various types 
of aluminum hardeners, but no definite 
action has as yet been taken. 

Subcommitiee II on Aluminum Alloy 
Castings (C. H. Greenall, chairman).— 
A review of the various specifications 
under the jurisdiction of this subcom- 
mittee has shown no need for revisions 
at this time. It has therefore been 
recommended that these specifications 
be continued as tentative until the 
necessary data can be collected to 
justify changes. Te facilitate the col- 
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lection of such data, the original sub- 
group appointed to study the effect of 
minor elements on the characteristics of 
several specific alloys has been replaced 
by two subgroups with broader scopes. 
One subgroup will study the sand casting 
alloys and the other the permanent mold 
alloys. It is hoped that this study, 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affirma-| Nega- 


Items tive tive 


I. NEw TENTATIVE STANDARDS 


Test for Weight of Coating on 
Coated Alu- 


Test oe Sealing of Anodically 
Coated Aluminum 


II. Revisions oF TENTATIVE 
STANDARDS 


Spec. for Magnesium-Base 


Alloy Ingot for Remelting 
(B 93 - 39 T) 

pec. for Magnesium-Base 
m4 Sand Castings (B 80- 


Spec. Magnesium-Base 
Alloy Forgings (B 91 - 38 T). 

Spec. for Magnesium-Base 
Rods, and Shapes 
(B 107 - 38 T) 

pec. for Magnesium-Base 
Alloy Sheet (B 90 - 38 T).. 

Spec. for Aluminum Sheet and 
Plate (B 25 - 38 T).. 

Spec. for Aluminum- Alloy 
(Duralumin) Sheet and Plate 
(Aluminum - Copper - Mag- 
nesium-Manganese) (B 78 - 


Spec. for Aluminum-Manga- 
nese ey Sheet and Plate 
(B 79 - 38 T) 

Spec. Aluminum-Alloy 
(Duralumin) Bars, Rods, 
Wire, and Shapes (Alumi- 
num - Copper - Magnesium- 
Manganese 89-39 T).. 

Spec. for Aluminum-Mag- 
nesium-Chromium Alloy 
Sheet and Plate (B 109- 


Spec. for Aluminum-Manga- 
nese Alloy Sheet and Plate 
for Use in Welded Pressure 
Vessels (B 126 - 39 T) 29 


which constitutes one of the major 
problems of this subcommittee for the 
next year, will also clarify certain com- 
position differences which now exist 
between Federal and A.S.T.M. — 
cations. 


7 


During the year the 


has also considered a request from a 
for for a new 
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patented aluminum casting alloy. A 
study of this request failed to show the 


before any action would be taken by 


subcommittee. 


Subcommittee IIT on Aluminum Alloy 


~ been reviewed and no need for revisions 
at this time was recorded. It has there- 
fore been recommended that such specifi- 


cations be continued as tentative. The 


‘subcommittee has under advisement the 

possibility of consolidating certain of 
its specifications and plans to review 
_ this matter during the coming year. 


Subcommittee IV on Magnesium and 
Magnesium Alloys (J. A. Gann, chair- 
man.)—A review of the various specifica- 
tions under the jurisdiction of this 
subcommittee has indicated that certain 
changes and additions are necessary in 
several cases to bring the specifications 
into closer agreement with present com- 
mercial practices. Revisions, as men- 
tioned earlier in this report, are therefore 


being recommended in the Tentative 


Specifications for Magnesium-Base Alloy 


(B 80 38 Sheet 


Among the changes included is in these 


revisions are the addition of several new 


- casting and wrought alloys, certain of 


which have better resistance to corrosion 


_ and better working characteristics than 


alloys covered by the present specifica- 


tions. 


Two wrought alloys have been 
deleted since they are no longer used 
_ commercially. In addition, the require- 
ments with respect to the material used 
to produce these alloys and the chemical 
analysis have been clarified and made to 


- conform to the requirements of other 


specifications under ‘the jurisdiction of 
Committee B-7. 

The subcommittee is planning, as one 
of its problems for the coming year, the 
preparation of specifications for protec- 
tive coatings for magnesium-base alloy 
sand castings, forgings, sheet, and rod. 

Subcommittee V on Testing Ligh 
Alloys (R. L. Templin, chairman).—The 
tests on the various light alloys supplied 
by this subcommittee in connection with 
the work being sponsored by the Section 
on Effect of Speed of Testing of Com- 
mittee E-1 on Methods of Testing have 
been completed. A detailed report of 
these tests, which will conclude this co- 
operative program, will be presented at 
this annual meeting of the Society in the 
form of a paper by Paul G. Jones and 
H. F. Moore, entitled “An Investigation 
of the Effect of Rate of Strain on the 
Results of Tension Tests of Metals.” 

The subcommittee has two problems 
for consideration during the coming year: 
(1) a review of the methods of testing 
included in the various specifications for 
light metals and alloys is planned in an 
effort to standardize the procedures; and 
(2) the possibility of using the “divider 
method” as a means of determining the 
yield strength of these materials will 
also be investigated. 

Subcommittee VI on Anodic Oxidation 
of Aluminum and Aluminum Alloys (J. D. 
Edwards, chairman).—This subcommit- 
tee and particularly the Subgroup on 
Methods of Testing Anodic Coatings 
have continued their investigations of 
methods for determining the various 
characteristics of such coatings. This 
work has led to the development of two 
new methods which are being recom- 
mended for publication as tentative: 
namely, Test for Weight of Coating on 
Anodically Coated Aluminum, and Test 

1,See p. 610. wel 
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for Sealing of Anodically Coated Alu- 
minum.‘ The activity of this subgroup 
has also been responsible for the prepara- 
tion of the four papers on the subject of 
testing of oxide coatings which Com- 
mittee B-7 is sponsoring at this annual 
meeting of the Society, as mentioned 
earlier in this report. 

Future work of this subcommittee, 
some of which is already in progress, 
includes: the development of methods 
for determining abrasion resistance and 
thickness of anodic coatings; the applica- 
tion of the salt spray test for deter- 
mining the quality of coatings; and 
methods of testing scratch resistance, 
smudge resistance, reflectivity, and paint 
adhesion. 

Subcommittee VII on General Informa- 
tion and Publicity (E. H. Dix, Jr., chair- 
man).—This subcommittee is still con- 
sidering the question of revising the 
Report on Service Characteristics of the 
Light Metals and Their Alloys, published 
in 1934.8 Although a previous majority 
opinion returned by the subcommittee 


did not favor revision or continuation 
of this report, a more general survey, 
including the members of Committee 
B-7 and other interested members of the 
Society, is being made. The subcom- 
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~ 


mittee hopes to havea final report on this | Pi 


question available shortly. 


The present officers of the committee _ 


were re-elected for the ensuing term of _ 


two years. 


This report has been submitted to 


letter ballot of the committee which 
consists of 47 members; 37 members 
returned their ballots, of whom 36 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


Sam Tour, 


‘ Chairman. 


5. 


Secretary. 


8 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, 
p. 277 (1934); also issued as separate publication. 


am, ti 


gis 


nite 


=a .¢ & & 


one 
the 
d. : 
ight | | 
Phe 
ith 
at < 
the 
the 
27 
ms ve = 
= | 
for Be 
an 
der 
the 
vill 
ion 
D. 
1it- 
on : 
ngs | 
of 
ous 
m- 
on 
est 


REPORT OF COMMITTEE C- 1 the it 
provi 


The preparation of tentative specifica- carrying out his idea. As a result of his mang 

tions embracing five types of portland activity and the assistance of F. H. Meth 

cement constituted the major activity Jackson and H. J. Gilkey, a very of a: 

of Committee C-1 in the past year. valuable group of 17 papers was pre- meth 

Several years ago the committee au- pared. The presentation and discus- dioxi 

thorized the appointment of a special sion of these occupied one day of the oxide 

committee, composed of other than spring meeting of the committee. Since nate 

the producing interests, to report on the it had been possible to distribute the phor 

number of types of portland cement and _ papers previous to the meeting, there (4) 

their nature, which it believed would was much valuable discussion. It is not dete: 

fulfill the demands of the concrete the intention to publish the papers subs 

industry. At the fall meeting of Com- comprising the symposium, but a limited As 

‘mittee C-1 the special committee pre- number of mimeographed copies have of tl 

_ sented an interesting report, including been made available which may be by t 

- Proposed Specifications for Portland secured from Mr. Wolochow atanominal § Mor 

Cement.! After an extended discussion cost. of sc 

this was ordered distributed to the com- The Working Committees on Methods that 

mittee to be a matter of consideration of Chemical Analysis (W. C. Hanna, Con 

and action at the spring meeting. At chairman), Plastic Mortar Tests (O. L. men 

_ this latter time it was decided, subject Moore, chairman), and Volume Change as 

to letter ballot of the committee, to and Soundness (H. F. Gonnerman, tim 

present the specifications to the Society chairman), advanced their work sufi- T 

, a publication as tentative,? to become ciently to justify the publication of tion 

effective September 2, 1940. These some of the results. The reports of has 

specifications are ultimately to replace these committees are appended hereto. dat: 

the present Standard Specifications for The Working Committee on Volume scri 

a High Ea Cement (C 9-38) and for Change and Soundness has also revised duc 

om High: Early-Strength Portland Cement the method for determining soundness Co. 

(C 74 - 39). of cements by the autoclave. This is por 

_ Mr. D. Wolochow, vice-chairman of being presented to the Society for by 

Committee C-1, proposed last year that publication as tentative under the title C9 

a) a meeting of the committee devoted to “Tentative Method of Test for Auto- thi 
q a Symposium on Cement Specifications clave Expansion of Portland Cement.” 

7 7 _ and Additions to Portland Cement would Committee C-1 has approved the , 

a 7 be of great help to the membership. following four recommendations of the : 

ij . - ‘The suggestion appealed to all, and Mr. Working Committee on Methods of Soci 

q , ; Wolochow was instructed to proceed in Chemical Analysis: (/) Adopt as stand- AS 

ard Sections 1 to 9, inclusive, of the Soci 

4, ow Many Specifications for Cement?” ASTM ard 

Buttetin, No. 102, January, 1940, p. 39. to 


{~ appear in the 1940 Supplement to Book and appears in the 1940 Supplement to Book of A.S.T.M. 
of A.S.T. rds, Part II, p. 167. Stan is, Part II, p. 176. 
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b a o —_ specifications were accepted as tentative by ’ This method was accepted as tentative by the Society 
e iet: 


| 
i 
| 


Tentative , Methods of Chemical Analy- 
sis of Portland Cement (C 114 - 39 T),* 
with two minor changes, the addition 
of a note to Section 2 and a revision of 
the first eight sentences of Section 5 to 
provide for the removal of silicon dioxide.* 

These sections cover the determination 
of sodium oxide, potassium oxide, water- 
soluble alkali, phosphorus pentoxide, and 
manganic oxide. (2) Revise Tentative 
Methods C 114-39T by the addition 
of a quick method (ammonium chloride 
method) for the determination of silicon 
dioxide, calcium oxide, and magnesium 
oxide. (3) Adopt as standard an alter- 
nate procedure for determining phos- 
phorus pentoxide in portland cement.’ 
(4) Adopt as standard a procedure for 
determining chloroform-soluble organic 
substances in portland cement.’ 

As a result of the study thus far made 
of the recently completed tests reported 
by the Working Committee on Plastic 
Mortar Tests, and pending the results 
of some further work, it is recommended 
that the Tentative Method of Test for 
Compressive Strength of Portland-Ce- 
ment Mortars (C 109 - 37 T) be retained 
as tentative without change at this 
time. 

The Subcommittee on Tests of Addi- 
tions to Cement (H. J. Gilkey, chairman) 
has made a preliminary study of the 
data obtained in carrying out the pre- 
scribed tests of TDA, a material pro- 
duced by the Dewey & Almy Chemical 
Co. of Cambridge, Mass., for use in 
portland cements of the type covered 
by the A.S.T.M. Standard Specifications 
C9-38. The committee is not able at 
this time to make a final report. 


11939 Book of A.S.T.M. Standards, Part IT, p. 883. 

See p. 244. 

6 These methods were accepted as tentative by the 
Society and have been incorporated in Tentative Methods 
C 114 which appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part II, p. 171. 

The procedures were adopted as standard by the 
Society and have been incorporated in the revised Stand- 
ard Methods C 114 which appear in the 1940 Supplement 
to Book of A.S.T. M. Standards, Part II, p. 8. 
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Committee C-1 has the 
recommendations of the 
Committee on Masonry Cement (H. D. 
Baylor, chairman) that the Tentative 
Specifications for 
(C 91 — 38 T)® be revised and adopted 
as standard. The revision, given be- 
low, consists of a change in the setting 
time requirements, together with an 
optional requirement and a method of 
test covering the propensities of this 
kind of cement for use in the staining of © 
limestone: 

Section 2.—Change the last sentence 
to read as follows by the addition of the 
italicized figure and the omission of that 
in brackets: 


Final set shall be attained within [48] 24 hr. 


Sponsoring 


Masonry Cement 


New Section.—Add as a new Section6 


an optional nonstaining requirement, to 
read as follows, renumbering the sub- 
sequent sections accordingly: 


6. Staining.—This requirement shall apply 


only when the invitation for bids specifically _ 
states that the cement shall be nonstaining to — 


limestone. 
not more than 0.03 per cent soluble “alkali” 
when tested in accordance with Section 22 of 
the Standard Methods of Chemical Analysis of 
Portland Cement (A.S.T.M. Designation: C 114) 


Nonstaining cement shall contain 


in 


of the American Society for Testing Materials. 
Note.—The amount and nature of the stain- _ 
ing material in limestones seem to vary with - 


the stone. 


in staining material has been used, or unless 


The alkali in any cement may, | 
therefore, induce markedly different staining — 
on different stone, even though the stone may 
have come apparently from the same source. 
The amount of alkali permitted by the specifica- _ 
tions should not cause stain unless stone high - 


+9) 


ie. 


insufficient means have been used to prevent — 


infiltration of water into the masonry. 


Section 18.—Because of the revision in > 
Section 2 omit the last sentence of — 


Section 18 which reads as follows: 


If pats have not attained final set at the end 
of 24 hr., they shall remain in the moist cabinet 


for 48 hr. before being subjected to the steam © 


test. 


“8 aad Book of A.S.T.M. seni, Part II, p. 877. 
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Committee C-1 recommends that the 
__ following revisions be approved for 


Methods of Sampling and Physical 
ie - Testing of Portland Cement (C 77 — 39): 

Section 2.—Change Paragraph (a) 
from its present form to read as follows 
by the addition of the italicized words: 


(a) Samples for purpose of tests shall weigh 
at least 4 lb. each when they are to be composited; 
single test samples, on which all specified tests 

are to be made, shall weigh at least 8 lb. 


| Sections 2 (b), 3, 4 (a), and (c).— 
ar Change the number of barrels of cement 
represented by the test sample from 
300 bbl.” to read “400 bbl.” 
oo Section 4.—Combine with Section 3, 
a relettering Paragraph (b) as (c) and 
ef change the second sentence of present 
_ Paragraph (6) from its present form: 
namely, 


Tubes inserted horizontally may be used 
where the construction of the storage permits. 


This method may be used only when other 
methods cannot be applied, and great care 
must be exercised in order to obtain samples 
that completely represent the contents of the bin. 


: Paragraph 4 (a) and add a new Para- 
graph (0) to read as follows: 


(6) Composite samples for the tests as re- 
quired in Section 6 shall be prepared by arrang- 
7 ing all test samples in groups, each group 
_ representing the number of barrels required 

_ by the test or tests for which the composite is 
intended. From each of the test samples in a 
- group, equal portions shall be taken, sufficient 
in amount to form a composite large enough to 

_ permit the making of the required physical or 
chemical determination. The composite sample 
thus prepared shall be thoroughly mixed before 
using. 


New Section.—Add a new Section 5 
to read as follows: 
5. Number of Physical and Chemical Tests. 


_ —(a) All required physical tests shall be made 
on each test sample, taken as specified in Section 


(b) Physical tests on samples taken from 
bins, boats, warehouses, etc., shall be required 
as follows: 


Time of setting............. each test sample 
; representing each 400 bbl, 
composite sample 
representinz each 800 bbl, 


representins each 800 bbl, 
. composite samp!e 
representing each 2000 bbl, 
(c) Chemical determinations shall be required 
as follows: 


Autoclave expansion... 


representing each 800 bbl, 
All specified chemical 
determinations (ex- 
representing each 4000 bbl, 


(d) When the total number of barrels sam- 
pled is less than that specified for any one of the 
above test or composite samples, all of the 
respective physical and chemical tests shall be 
made on the quantity sampled. 

Section 10—Change the first sentence 
to read as follows by the addition of 
the italicized word: 

The quantities of dry materials to be mixed 
at one time shall be 500 g. for neat cement 


mixtures, and not less than 1000 nor more than 
1200 g. for briquet mortar mixtures. 


Figure 3.—Change the caption for 
Fig. 3 (a) to read as follows by the 
addition of the italicized words: 

(a) Shrinkage Cracks, Shown Above, Due 
to Exposure of Pats to Dry Air During Setting 
Are not to Be Considered as Evidences of Un- 
soundness. 

The Working Committee on Fineness 
is not recommending any changes in the 
Tentative Method of Test for Fineness 
of Portland Cement by Means of the 
Turbidimeter (C 115-38 T). Recently 
a method for determining the specific 
surface of cement by determining the 
permeability of a short column of 
cement to air was proposed abroad. 
Some studies by one of the members of 
the committee showed that the method 
has much promise. Less time is re- 
quired for making the determination 
than when the Wagner turbidimeter is 
used. The method, however, does not 
give data covering size distribution. 

The subcommittee on Cement Refer- 
ence Laboratory (G. E. Warren, chair- 
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man), has submitted the following sum- 
mary of its work for the period July 1, 
1939, to June 30, 1940: 

The Reference Laboratory continued 
the field work of the sixth inspection 
tour among cement laboratories. Ap- 
proximately 300 laboratories are 
involved in that tour, which is now about 
85 per cent completed. Additional 
equipment was secured to provide for 
field tests of certain apparatus not 
formerly included in the inspectors’ 
routine work. 

Reference Laboratory sample No. 3 
was, distributed and a summary of the 
results of tests thei’eon was sent to the 
208 participating Maboratories. Copies 
of the summary can be obtained upon 
request to the Cement Reference Labo- 
ratory at the National Bureau of Stand- 
ards, Washington, D. C. The work 
included the usual physical and chemical 
tests. In addition, 49 laboratories re- 
ported heat-of-hydration values. The 
correspondence indicated great interets 
in the work and is serving to bring to 
attention many details of procedure. 
The agreement in chemical results was 
somewhat better for sample No. 3 than 
for No. 2. For sample No. 3 the agree- 
ment in chemical results was better for 
those laboratories *which had _ partici- 
pated in the tests of both samples Nos. 
2 and 3 than for those laboratories 
which had tested No. 3 only. 

The Reference Laboratory has practi- 
cally completed the tests of TDA in 
standard portland cement, which tests 
were made for the Subcommittee on 
Tests of Addition’ to Cement. 

The Reference Laboratory is co- 
operating with the subcommittees of 
Committee C-1 by making available to 
them the various suggestions and data 
accumulated during the course of the 
work. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


this report have been submitted to 


The recommendations appearing 


letter ballot of the committee, which 


consists of 83 voting members, with — 


the results shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Asirm-| Nege- 
rm-| Nega- | Mar 

I ative tive | “Not 

I. New TENTATIVE STANDARDS| 

Spec. for Portland Cement (Ef- a 
fective September 2, 1940) 66 4 e > 
Test for Autoclave Expansion 
of Portland Cement........ 72 1 ¢-. 

II. Revision or TENTATIVE 
STANDARDS 
Chemical Analysis of Portland o- 
ew quick met or deter- 
mination of silicon dioxide, prurla 
calcium oxide, and mag- rot 
50 0 13 
IIT. Revisions oF STANDARDS 
Sampling and Physical Testing , 
of Po: tland Cement (C 77 - 
39), immediate adoption . 66 2 5 i 
Chemical Analysis of ortland. 
114 - 39), imme- 
iate adoption: toe 
New alternate method for tae Me 
determining phosphorus thai 
pentoxide, new method for ; 
determining chloroform- 
soluble organic substances... 67 0 6. 
Aportion oF TENTATIVE 
STANDARDS AS STANDARD Lath. 
(C 91 - 38 T): 
Change in setting time re- i Q 


quirement, addition of 
optiona; nonstaining require- 
ay and a test method 
Chemical Analysis of Port!and 
Cement (C 114 - 3° T), Sec- ] 
tions 1 to 9, as revised...... 69 0 6 { 


This report has been submitted to 
letter ballot of the committee, which 
consists of 83 voting members; 63 mem- 
bers returned their ballots, of whom 58 
have voted affirmatively and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
P. H. Bates, 


Chairman. 
W. WALTER, 
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_ REPORT ON INVESTIGATION OF MORTARS BY SEVEN 
LABORATORIES 


The Working Committee on Plastic 
Mortar Tests has completed an investi- 
_ gation of certain mortar mixes which 
. 3 supplements the series of tests sponsored 
; by the committee in 1938.! 


Purpose: 


The investigation reported in 1938! 
_ showed that the so-called pebble mor- 
tars, made with sand and pebbles of 
_ three sizes and grading from minus No. 
200 to % in. with gap gradings, were 
better than the C109 mortar? as to 

_ plasticity and water retention, and some- 
_ what better in producing uniformity of 
test results but were more difficult to 
mix and to mold into satisfactory cubes. 
_ The purpose of the present series was to 
_ determine whether the addition of pot- 
- ter’s flint to sands of the Ottawa type 
would produce a mortar having the satis- 
factory characteristics of the pebble 
mortars without the difficulties of mixing 
and placing; to determine whether a 
higher water-cement ratio, wetter con- 
sistency, and fixed proportions of ce- 
ment, sand, and water would improve 
the pebble mortars, and whether local 
pebbles could be substituted for low- 
absorptive (0.4 per cent) pebbles with- 
out making a correction for the absorp- 
tion of mixing water. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
p. 267 (1938). 

2 Tentative Method of Test for Compressive Strength 
of Portland-Cement Mortars (C 109 - 37 T), 1939 Book of 
A.S.T.M. Standards, Part II, p. 892. al bet 
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SPONSORED BY WORKING COMMITTEE ON Piastic Mortar TEstTs 


Materials: 


The low-absorptive pebbles were pur- 
chased from a quarry in Columbia, S. C., 
and the potter’s flint from a quarry in 
Ottawa, Ill. These sources of materials 
are the same as those in the 1938 series.! 
The standard and the graded Ottawa 
sand were furnished by each laboratory 
from its own supply, and the local peb- 
bles by each laboratory from a local 
source. The cements were donated, 
proportioned, and distributed to the 
laboratories by the manufacturers which 
were as follows: 


Aetna Portland Cement Co., Bay City, 
Mich. 

Alpha Portland Cement Co., Easton, Pa. 

Lehigh Portland Cement Co., Allentown, 
ra. 

Lone Star Cement Corp., New York, N. Y. 

Universal Atlas Cement Co., New York, 


The following laboratories partici- 
pated in the investigation: 


Name 
Lehigh Portland Cement Co., 
Allentown, Pa............ J. C. Pearson 
Lone Star Cement Corp., 
M. A. Swayze 
National Bureau of Stand- 
ards, Washington, D. C....P. H. Bates 
Portland Cement Assn., Chi- 
cago, Ill.. 
Public Roads ‘Administration, 
Washington, D. C.. 
E. W. Reed-Lewis, Detroit, , 
Universal Atlas Cement Co., 
New York, N. Y. 


Individual 


. F. Gonnerman 


Jackson 


O. L. Moore 
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Description of Tests: 


Compressive strength tests were made 
by six laboratories using six mixes and 
six cements, three standard (Nos. 1, 2, 
and 3) and three high-early-strength 
(Nos. 4, 5, and 6) portland cements, 
selected by E. W. Reed-Lewis as cover- 
ing a wide range in “relative water 
capacity.”” The seventh laboratory did 
not make strength tests but investigated 
the “relative water capacity” of the ce- 
ments using the methods of Mr. Reed- 
Lewis. Two of the six laboratories did 
this additional work also. These data 
have been submitted to Mr. Reed-Lewis 
for study and report. 

The basic mix proportions used for 
6-cube batches are given in Table I. 


ast On Prastic MortaR TESTS 


TABLE I.—BASIC MIX PROPORTIONS FOR 6-CUBE BATCHES. 


mixes, when necessary, cement and water 
in the ratio of 1.88 by weight (water- 
cement ratio 0.8 by volume). a 

The cements were tested also in ac- 
cordance with the following methods of 
the American Society for Testing 
Materials: 

Chemical Analysis.—Standard Meth- 
ods of Chemical Analysis of Portland 
Cement (C 114 — 39).4 

Physical Tests.—Standard Methods of 
Sampling and Physical Testing of Port- 
land Cement (C 77 — 37).5 

Specific Surface-—Tentative Method 
of Test for Fineness of Portland Cement 
by Means of the Turbidimeter 
(C 115 38 

Three laboratories sent samples of 


Materials 


Mix Designation 


B-2 

790 790 790 0 1200 0 
0 0 0 1330 300 1300 
Low-absorptive pebbles (34-in. to No. 4), g.......... 1350 0 1350 0 0 0 
Local pebbles (34-in. to No. 4), g..........220-eeeeee 0 1350 0 0 0 0 
239 239 266 265 234 250 
c/w (cement-water ratio) by weight................. 1.88 1.88 1.73 1.88 1.88 | 1.88 
w/c (water-cement ratio) by volume................. 0.80 a 0.87 0.80 0.80 x 


The test specimens were 2-in. cubes, 
three for each period, and the test 
periods, 1, 3, 7, and 28 days. The tests 
were repeated, making a total of three 
complete rounds. 

Referring to the basic mix proportions 
given in Table I, the mixes B-2 and 
C109 were used as given, without any 
adjustment to control consistency, but 
the flow of the mortars was determined 
by the 10-in. flow table* and recorded. 
The other four mixes, B-1, B-1L, B-3, 
and B-4, were adjusted to give a flow 
within the range of 75 to 90 per cent by 
adding to or deducting from the basic 


3’Tentative Specifications for Masonry Cement 
— 38 T), 1939 Book of A.S.T.M. Standards, Part II, 
Pp. 377. 


the graded Ottawa sand used to the 
Cement Reference Laboratory for sieve 
analyses, which showed that the sands 
conformed to the requirements 
prescribed in Tentative Methods 


C 109 37 


The comments of the laboratory 
operators covering workability, ease of 
mixing, moldability, and water gain for _ 
each mix and each cement usually do not _ 
agree on any of the properties so that no 
single mortar can be selected as out-— 


Discussion of Results: 


41939 Book of A.S.T.M. Standards, PartII,p.8. 
51937 Supplement to Book of AS.T.M. Standards, 


p. 54. 
¢ 1939 Book of A.S.T.M. Standards, Part II, p. 897. 
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OF WORKING Conner: OF C-1 a 


TABLE II.—CHANGES IN BASIC MIX, AND FLOW. 
Each value is average of three tests made on different days. 


Change in Basic Mix Cement, g. | Flow, per cent 


B-iL B-2 B-3 B-4 C109} B-i | B-iL/| B-2 
Mix Mix Mix Mix Mix | Mix | Mix | Mix Mix | Mix 


& 


cooooo 
oooooo 


oocoooo 


CEMENT No. 4 


—25 
+50 
0 


oo coco 


4i12C | +112c | +i12c 
+28F | +28F +28F 
+38 | +25 0 


e ™ ebenietions used in connection with the results from this laboratory indicate the following: 
emen 


F = Potter’s flint. 
S = Standard Ottawa sand. 


G = Graded Ottawa sand. te sae 
P = Pebbles. . 


Laboratory |——— 
1x 
ae Cement No. 1 
No.1..........., | | o | -s | | o | 77 | 150 | 90 | 92 | 133 
Me. o | +425 0 0 110 | 88 | 83 | 9 No. 1 
No. =25 —25 0 —50 | | 141 | 83 | 100 | 100 
dol 0 | 0 | 8 1144} 81 | 79 | 97 No. 
No. 5*......----| fegp | | | +676 | | | § | 82 | 9% No. 3 
f No. | ei; | 0 9 | 129 | 88 86 | 118 
Cement No. 2 Perce 
| | 140| 90 | 87 | 133 
- - 2 
+13 | 2 | 84 | 107 | st | 79 | 85 
0 0 3 | 84 | 113] | 78 | No 3 
No.6...........| —25 | gi | 86 | 120| 84 | 83 | 12 No. 
No. 
a a Cement No. 3 No. 
| | | —25 | 88 | 143 | $7 | 87 | 131 
No. 2...........] #25 +50 0 0 +25 | 82 | 98] 78 | 82 | 
| | 0 79 | 77 | 126| 97 | 88 | 95 
0 0 0 79 | 79 | 103 | gi | 77 | 87 
0 | | 0 | | 85 | 87 | 93 | 78 | 95 
No.6...........] —25 | | | | 79 | 76 | 118 | 77 | 78 | 109 No. 
0. 
No. 
7 No. 1...........| —25 +25 | —50 | 77 | | am | 89 | 79 | 1m 
BO. +75 +100 | 0 +25 81 | 79 82 | 83 | 83 | 82 
0 +50 0 0 78 | 81 | 101 | 92 | 81 | 94 Av 
po 0 - 77, | 80 84 | 83 | 79 | 94 Perce 
No. PUTT +11F +11F +11F +67G | 0 79 78 90 81 76 93 
NO. 6 0 | 0 | 76 | 75 | 102 | 88 | 78 | 107 
+25 | o | | o | ss | 93 | 129| 80 | 87 | 135 
+50 | 0 +25 o | 78 | 78 | 85 | 83 | 
FCocckoa; 0 o | 0 0 +25 0 | 83 | 80 | 111 | 105 | 91 | 98 No. 
+3. | +3, 0 | 0 0 | 82 | | 107 | 81 | | 106 he 
q No. +11F | +11F | +11F +67G } 0 0 88 84 99 83 77 101 
| | 0 | o | 0 | 79 | 78 | 108 | | 87 | 113 
No. 
40 | | —50 —2 { o | 75 | 84 | 108 | 87 | 76 | 121 No. 
: No.2...........| +100 | +150 | 0 +50 +5 | | | | No... 
No. 3...........| 100 +100 0 0 +25 | eo}; es 96 | 89 | 80 | 93 No. 
No. 5*......... o | THE| o | 93 | | 80| | 93 
| 0 o | | 75 | 9 | 9 | 79 | 103 Pere 
No. 
No. 
map 
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TABLE III.—COMPRESSIVE STRENGTH OF 2-IN. CUBES IN POUNDS PER SQUARE INCH. 
Each value is average of nine cubes, three each made on different days. 


—— 1 Day 3 Days 
Laboratory 


B-1L | B-2 | B-3 | B-4 
Mix | Mix | Mix 


CEMENT No. 1 


Percentage mean variation.. 


Average 
Percentage mean variation... . 


Average 
Percentage mean variation... . 


CEMENT No. 4 


| 
| 
| 


Average 
Percentage mean variation... . 


Average 
Percentage mean variation. . 


CEMENT No. 6 


1550 | 1480 | 
1667 | 1560 
2090 | 2010 


| 
1533 | 1457 
1711 1636 
7.8 10.1 


; 
109 B4 |C109 
Mix | Mix Mix | Mix | Mix | Mix | Mix | Mix | Mix 
413 | 408 | 339 | 2000 | 1950 | 1390 | 1230 | 1220 | 1050 
NO. 757 | 554! 427 | 372 | 300 | 1938 | 1540 | 1428 | 1225 | 1008 
880} 830 | $85) 450] 495 | 415 | 1900 | 1985 | 1515 | 1220 | 1365 | 1160 
87 No.4 .| 683 | 619 | 392 | 389 | 297 | 1733 | 1706 | 1292 | 1245 | 1225 | 906 
90 No. .| 735) 715 | 405 | 430 | 310 | 1975 | 2100 | 1575 | 1305 | 1370 | 1050 
118 No. -| 597} 667 | 430) 383 | 397 | 307 | 1613 | 1587 | 1403 | 957 | 1013 | _797 : ae 
od 727| 721 | 509) 412 | 415 | 328 | 1864 | 1878 | 1469 | 1231 | 1236 | “99s 
8.6] 7.5 |10.2| 4.8 | 7.6| 9.9| 6.8] 82] 5.5| 7.7] 7.1] 9.6 
133 Cement No. 2 H 
102 NO. 933 | 884 | 535 | 555 | 488 | 2630! 2540 | 2030| 1690] 1720 | 1540 
85 987 | 1057 | 772] 596 | 650 | 490 | 2789| 2668 | 2085 | 1961 | 2035 | 
96 NO. 1070] 1145 | 775 | 760 | 720 | 605 | 2775 | 2810 | 2155 | 2390| 2100 | 1825 
122 NO. 1042 | 922 | 600 | 583 | 489 | 2570| 2472 | 2000 | 2017] 1895 | 1514 
No. .| 900} 865 | 665| 625 | 590 | 470 | 2640| 2630 | 2025 | 2020| 1865 | 1585 
No. -| 707 | _763 | 527) 450 | 457 | _377 | 2150 | 2400 | 1620 | 1330] 1403 | 1180 metic: 
979 | 939 | 594 | 593 | 486 | 2592 | 2587 | 1981 | 1901 | 1836 | i539 
131 9.5| 11.4] 9.5] 11.5 | 10.5 | 8.7] 6.0] 4.5] 64] 12.7| 91] 83 
- 
Cement No. 3 
109 816] 816 | 610| $31 | 533 | 427 | 2360 | 2380 | 1850 | 1590 | 1540 | 1300 
NO. 843 | 913 | 667] 558 | 579 | 435 | 2350| 2535 | 1875 | 1606 | 1754 | 1385 
NO. 1090] 1100 | 790| 835 | 785 | 630 | 2605| 2600 | 2015 | 1965 | 1910 | 1635 
NO. 856] 833 | 544 | 533 | 408 | 2264] 2303 | 1725 | 1606 | 1536 | 1353 
124 No. 5 --| 815 | 860 615 530 | 610 | 410 | 2435 | 2510 | 1970 | 1655 | 1830 | 1390 
82 No. -| G47 | 767 | 480) 453 | 463 | 353 | 2025 | 2307 | 1547 | 1290 | 1373 | 1137 an 
94 845 | 882 | 624| 575 | 584 | 444 | 2340| 2439 | 1997 | i619 | i6s7 
94 10.2| 9.5 | 11.1] 15.0 | 13.0] 14.0] 5.6] 4.4] 8.6] 7.7| 10.5 | 66 
| 1860] 1760 | 1800 | 1580 | 4890 | 4870 | 3970 | 3470 | 3450 | 3380 
NO, 2200 | 2192 | 1872] 1978 | 1857 | 1586 | 4589 | 4538 | 3815 | 4047 | 3839 | 3224 
NO. 2555 | 2345 | 2120] 2200 | 2100 | 1840 | 5030 | 4965 | 4330 | 4455 | 4210 | 3080 
135 No. 2230 | 2225 | 1767 | 1978 | 1917 | 1492 | 4650 | 4536 | 3750 | 3086 | 3861. | 3007 
84 No. 5 ..| 2305 | 2380 | 1825 | 1895 | 1780 | 1515 | 4810 | 4960 | 3900 | 3800 | 3560 | 3215 — 
4 No. ..| 1943 | 2097 1460 | 1527 | 1513 | 1263 | 4813 | 5160 | 3890 | 3883 | 3733 | 3233 are 
106 2287 | 2255 | 1817 | 1890 | 1828 | 1546 | 4797 | 4838 | 3943 | 3030 | 3776 | 3305 i > 
101 3.7 7.5 | 8.6] 7.1] 8.1] 2.5] 4.2 | 3.5] 5.2] 4.5 
113 
2040 | 1940 | 1620 | 1460 | 1440 | 1380 | 4170 | 4260 | 3360'| 2920 | 3000 | 3040 
121 NO. 2048 | 2015 | 1550} 1544 | 1244 | 1075 | 4150 | 4254 | 3478 | 3360 | 3239 | 2807 
79 1590 | 1755 | 1760 | 1435 | 4295 | 4340 | 3505 | 3895 | 3865 | 3305 
93 NO. 1889 | 1906 | 1406 | 1634 | 1353 | 1217 | 4205 | 4175 | 3253 | 3439 | 3186 | 2825 
in No. 5 ..| 1850 | 1940 | 1445 | 1575 | 1305 | 1360 | 4175 | 4310 | 3380 | 3515 | 3320 | 3010 i’? 
93 No. --| 1657 | 1747 | 1207 | 1210 | 1233 | 1083 | 4553 | 4970 | 3163 | 3330) 3453 | 2977 -— 
-| 1912 | 1927 | 1470 | 1530 | 1423 | 1258 | 4258 | 4385 | 3422 | 3410| 3345 | 2977 a 
103 5.9] 3.8] 8.0; 8.5 | 10.2 | 10.6 | 2.6] 4.5] 2.6] 6.1| 6.2 | 4.2 
1340 | 4840 | 4670 | 4120 | 3710 | 3670 | 3360 
| Re 1370 | 4507 | 4465 | 3749 | 3931 | 3823 | 3346 j 
NO. 2150 | 2275 | 1830 1745 | 4550 | 4835 | 4060 | 4150 | 4210 | 3540 
1350 | 4850 | 4825 | 4030 | 4225 | 4095 | 3660 
aq SE 1237 | 4823 | 5333 | 3970 | 4113 | 3807 | 3390 
1940 | 1984 | 1558 1408 | 4714 | 4826 | 3986 | 4026 | 3921 | 3459 
Percentage mean variation....| 5.4/ 6.2 | 7.0 | 95 | 2.3) 43] 2.5] 42] 47] 3.3 


REPORT OF WORKING COMMITTEE OF COMMITTEE C-1 


TABLE III/—COMPRESSIVE STRENGTH OF 2:IN. CUBES IN POUNDS PER SQUARE INCH (Continued), 


7 Days 28 Days 
Laboratory 


Bi | B-iL| B-2| B-3 | B4 |C109| Ba | BaL| B-2| B3| B+ |Cim 
Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mis 


Cement No. 1 


4590 | 4290 
4457 


Percentage mean variation... . | 


5190 | 5240 


4663 5750 | 5605 
Average ne 5734 5332 
Percentage mean variation... . 


Cement No. 3 


2560 | | | 6060 4390 | 4420 
2944 | 4639 | 4017 
3395 | | 6065 
2753 | 
2920 | 
2717 
Average 3403 | 2882 
Percentage mean variation... . a 6.5 


Cement No. 4 


4760 | 
5298 


Average 
Percentage mean variation... . 


CEMENT 


4920 
5535 
5400 | 6695 | 6450 


6555 | 7155 | 5695 | 5695 4775 | 8635 | 9400 | 7765 | 7405 | 7057 | 6607 

Average 5457 6894 | 6500 
Percentage mean variation.... 4.4 3.3 | 2.0 


re 
may” 
fi) 
“4 
Labe 
4 ONO. 3170 | 3080 | 2240 | 1920 | 1920 | 1680 | 6680 | 6560 | $930 | 4370 
A 3029 | 3057 | 2265 | 2336 | 1982 | 1771 | 6318 | 6236 | 5268 | 5296 
NO. eee] 3005 | 3185 | 2370 | 2030 | 2380 | 1925 | 6295 | 6295 | 5405 | 4075 | 4845 | 4345 
ig NOM ee cceeeeeeeeeses e+ 2867 | 2811 | 2256 | 2128 | 2028 | 1461 | 6806 | 6941 | 5539 | 4867 | 4667 | 3892 No. 1 
3 NO. 3335 | 3365 | 2505 | 2120 | 2165 | 1665 | 7030 | 7315 | 5925 | 4820 5060 | 4225 No. 2 
is No. 6 3073 | 3443 | 1757 | 1577 | _1653_| 1360 | 7140’ _7650_| 5663 | 4650 | 5100 | 4389 No. 3 
- & <* 3079 | 3157 | 2232 | 2019 | 2021 | 1644 | 6712'| 6833 | 5605 | 4680 | 4786 | 4231 os 
5.6] 7.1| 89] 7.5] 9.4] 4.2] 6.9 | 3.6] 6.7] 4.5 | 23 No.6 
Cement No. 2 
4690 | 4570 3820 | 2990 | 3100 | 2950 | 7520 | 7590 | 7020 | 5050 | 
NO. 4679 | 4674 | 3725 | 3450 | 3872 | 3076 | 7474 7177 | 6411 | 5878 | 61 44 
No. 3. 4765 | 4605 | 3840 | 4095 | 3540 | 3270 | 7440 | 6995 | 6755 | 6315 | S600 | 5205 No. 1 
a — No. 4. 4845 | 4889 | 3961 | 3806 | 3381 | 3067 | 7689| 8117 | 6622 | 6325 | 5869 | 5153 No. 2 
2785 385 3 5 702 5 $245 No. 
No. 4 
No. 5 
No. 6 
Avi 
No. 
0. 
£ No. 3 
No. 5 
No. 
Avi 
= Se No. 1...............2.-+---++.| 6520 | 6590 | 5600 | 4910 P| 510 | 8120 | 8390 | 7230 | 6120 | 6o10 | 6100 No. 1 
| | | 540 | 7464 | 7437 | 6885 | 6806 | 6342 | 5710 No. 
mi >. No. 3.........-..-+..++.+-----| 6400 | 6975 | 6000 | 5905 | 5305 | 5035 | 7975 | 8020 | 7315 | 6985 | 6350 | 6295 No. ; 
6636 | 6589 | 5708 | 5461 | 5416 | 4369 | 8158 | 7955 | 6986 | 6983 | 6314 | 6005 No. 
é No. STII S21] 6855 | 7085 | $885 | 5270 | S075 | 4745 | 8500 | 8960 | 7565 | 6810 | 6465 | 6350 No. | 
NO. 6605 | 6880 | 5485 | 5195 | 4995 | 4730 | 8295 | 8290 | 7345 | 6680 | 6415 | 6170 No. 
i. Average.....................| 6532 | 6694 | 5680 | 5350 | 5142 | 4655 | 8084 | 8175 | 7221 | 6731 | 6316 | 6105 Av 
Percentage mean variation....| 2.5 | 4.3 | 3.2 4.3 | 4.3 | 3.9 | 3.0 | 4.5 | 2.6) 1.6 | 2.7 
Cement No 5 
Now feceecccccsceeeeesseeesses| 6870 | 6770 | 6130 | 4830 | 4890 | s200 | 8700 | 8380 | 7980 | 6200 | 6690 | 6880 No. ; 
NO. 6699 | 6451 | 5720 | 5564 | 5315 | 4906 | 7989 | 7974 | 7500 | 7065 | 6731 $489 No. 
No. 6400 | 6000 | 5590] 6115 | 5940 | 5175 | 7710 | 7365 | 7240 | 7520 | 6965 | 6765 No. : 
4 No. 4...........-.--.-+.------| 6964 | 7061 | 5661 | 5586 | 5227 | 5197 | 8350 | 8247 | 7442 | 7022 | 6681 | 6222 No. : 
; NO. 5.0.2.0 2. 002. .2eese2+-++++| 6865 | 6995 | 6010 | 5780 | 5525 | 5425 | 8640 | 8770 | 7790 | 7335 | 7100 | 7240 No. | 
i NO. 6.000000... 02. cec.sc0es+.| 7135 | 7270 | 5810 | 5385 | 5500 | 5300 | 8870 | 9030 | 7645 | 7040 | 7335 | 7010 Ay 
‘ : PO 6822 | 6758 | 5822 | 5543 | 5399 | 5201 | 8377 | 8294 | 7599 | 7030 | 6917 | 6768 — 
2.7| 5.2 | 2.9| 4.6| 4.7 | 2.1 | 4.3 | 5.2 | 2.7| 3.5 | 4.1 
No. 1...........--.s+-eeee+-++| 6790 | 6600 | 5730 No.. 
No. 
Nn 2 4400 4520 S465 No. 
3 No. 
Ay 


Tests made on three days. 


n 
< 
= 
n 
< 


FROM THEIR AVERAGE 


TABLE IV.—PERCENTAGE MEAN VARIATION IN COMPRESSIVE STRENGTH OF THREE TESTS 


WMH 


DWNAWNW 


— 


CEMENT No. 1 


AMM HON 


BANDA 


MOTORS 


Cement No. 3 


~ 


CEMENT No. 4 


Qoonns 


CemeENT No. 5 


nin 


i), 
C109 1 Day 3 Days 
— | Bit | B2 | | B4 | C109} Ba | BaL | B2 | Bs | BA 
Mix | Mix | Mix | Mix | Mix | Mix Mix | Mix | Mix | Mix | Mix | Mix a 
3802 1.9 | 0.9 | 1.4 
4225 NO. 8.7 2.9 | 2.0 | 
= a4 | 69 | 5:5 
431 No.5.........| 11.1 as | 
23° 907 1 18.6 | 12.5 | 1.6 
— Average....| 9.9 5.9 5.2 3.6 a. 
5240 CEMENT No. 2 
2.8 0.6 | 01 | 0.3 | 2.6 | 0. 1.0 | 1.5 « 
5153 ae.....-2. 4. 81 | 25 | 69 | 95 | 3. 7.4 | 7.2 ta. 
5345 0.8 | 5.4 | 3.4 3.9 | 0. 3.2 | 5.2 
4.2 | 99 | 8.3 | ia | 3. 
Bid Average....| 3.8 | | 54 | 3.6 | 62 | 5.0 | 2. 36 [40 
| 
‘017 No.1.........| 2.9 | 46 | 4.0 | 4.0 | 1.6 | 1.7 | 0.9 ti = “as 
4440 4.6 | 3.3 4.5 3.7 4.8 1.8 0.6 
4064 Se 2.5 | 1.0 | 5.4 6.4 | 3.5 | 2.7 | 1.4 - _ 
4330 8.7 | 6.7 | 4.5 82 | 6.2 | 54 | 6.1 
4660 No.5........ 4.9 | 2.9 | 13.8 24 | 3.9 | 5.5 | 4.2 a 
No.6........ 1.6 | 5.6 | 1.0 5.0 | 9.8 | 10.8 | 9.2 
4.3 Average... 4.2 4.0 5.5 5.0 5.0 4.7 3.7 
6005 . . . . . . a: 
6350 0.7 | 1.5 | 1.9 | 5.0 
6105 Average....} 3.1 3.7 3.8 2.6 3.6 3.6 | 3.3 i. 
6880 1.1 | 6.12 | 5.3 | 20.7 | 21.2 72:1 63 | 
6489 8.9 | 83 | 51 | 3.4 | 5.6 15 | 60 | 20 
6765 2.8 | 29 | 2.7 | 14 46 | 31 | 2.6 [120 
6222 No.5........ 5.2 | 3.9 | 3.9 | 2.8 | 2.8 3.8 | 0.9 | 34 106 ae tes 
7240 No. | | 2.9 | 18 | 1.9 | 3.2 Wy 
Lp Average ....| 38 | 4.7 | 35 | 5.2 | 62 | 32 | 40 | 37 | 35 | 27 | To ae 
a 
Cement No. 6 
No2.........) 24 | 3.6 | 4.1 | 3.8 | 2.4 | 10.2 | $3 | $7 | $0 | $3 | 38 28 
6490 466 | 1.0 | 43 | 34 | 27 | 7.0 | 5.2 | 7.2 | 1.3 | 26 | 1:3 | 202 
6450 No.5.........] 5.0 | 3.6 | 55 | Sa | 25 | 66 | 34 | 32 | 38 | O4 | 4 | te 
23 | 14 | 4.2 | 2.3 | 26 | 3.6 | 21 | 14 | 4.7 | 15 | 4.7 | 3.5 
= Average....] 2.4 2.0 3.3 3.4 2.7 5.9 3.1 3.4 2.7 2.1 2.0 | 2.1 a \ | 
6500 
2.0 
J ~ 


ESTS 


annunanlo 


AN 


CEMENT No. 6 


FROM THEIR AVERAGE (Continued). 
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TABLE IV.—PERCENTAGE MEAN VARIATION IN COMPRESSIVE STRENGTH OF THREE T 


7 
| aa 7 Days 28 Days - 
Bi | BiL | B.2 | B3 | B4 | C109} Ba | BIL | | B3 | B4 {C109 Ls 
ra%, Mix Mix Mix | Mix Mix Mix Mix Mis | Mix | Mix | Mix | Mix 
4 
Cement No. 1 
SS eee oe 3.8 1.3 5 2 0 | 2 1.1 1.0 | 0.3 | 1, — 
| 6.4 | 4.6 | 3.5 | 4. No. 
No.3.........| 4.6 | 3.9 | 4.6 at a 1 4 1.2 | 0.7 | 3.0 | 1. No. 
ze ‘ae 4.0 | 5.7 | 2.5 |10. No. 
1.4 3.2 3 8 ( 4.2 1.3 | 1.9 | 4, No. 
| 7 | 0 6 | | 3.9 | 14 | 0. No. 
Average.....| 4.3 | 25 | 2.8 | 3 i 1 2.9 | 29 | 24 | 3! No. 
7 2.3 5 | o ai 1.3 0.8 | 0.5 
8 | 9.7 ae 1.0 5.9 | 3.4 No. 
6 | 1.6 2.7 | 7.0 No. 
3 | 4.6 1} 4 2.3 3.8 | 5.0 No. 
4 | 24 5 2 3.2 2.6 | 3.2 No. 
| 5.9 8.0 2.3 | 1.3 No. 
ss Average...) 2. | 3.7 4.6 3.8 | 3 -6 2 2.9 3.0 5 No. 
Cement No. 3 
— | 1.4 | 0.7 1.7 | 0.5 1.7 
163 | 6.2 | 4.3 | 2.0 | 2.5 | 5.4 | 5.0 14 No. 
— No 3.........| 3.0 | 2.3 | 1.6 2.6 | 1.0 | 2.4 | 6.2 2.6 No. 
| 28 4.6 | 49 | 4.7 | 7.3 4.4 No. 
8.8 | 1.0 | 1.5 | 1.3 1.9 No. 
: No.6.........| 4.2 | 24 | 2.5 1.9 | 4.3 | 3.0 | 4.1 4.1 No. 
Average....| 2.2 | 34 | 2.6 | 36 | 24 | | 41 | 27 No. 
CemMENT No. 4 
eS ee 0.8 | 24 | 1.3 | 1.2 1.0 | 0.2 | 05 — 
RE ccnnceet Oe | OF 3.6 | 5.6 | 3.7 | 0.8 0.8 | 3.6 | 24 No. 
No. 3.........| 0.7 1.2 10 | 36 | 4.0 | Sit 2.0 | 0.3 | 2.0 No. 
| 3.3 | 3.6 | 4.2 4.7 | 3.1 | 1.6 No 
2.4 | 3.6 | | 1.5 1.4 | 0.6 | 3.7 No 
09 | 1.9 | 3.2 | 1:0 3.3 | 2.9 | 3.9 No. 
| Average...) 1.7 | 2.3 24 | 34 | 28 | 23 2.2 | 18 | 24 
| CEMENT No. 5 = 
a 2.1 | po | 4a | 06 | 2.1 1.6 1.6 | 1.0 | 06 — 
| MO. 6.9 2.7 5.6 5.5 0.8 3.8 2.1 | 1.8 No. 
| 31 | 49 | 2.2 | 4.5 1.3 | 1.4 | 14 No 
3 | 28 | 36 | 2.2 | 1.8 0.2 | 1.6 | 2.0 No 
No.6.........| 0.8 | 0.0 a) 41 | 4.2 | 45 No 
Average....| 1.8 | 44 19 | 26 | 38 | 26 | 24 24 | 2.8 | 22 
4 
| | | 2.4 | 2.8 1.5 16 | 03 | 03 | | 1.5 | 2.3 | 0.7 
1.8 48 | 06 | 3.3 | 1.0 | 1.4 | 09 | 14 No 
. No.3.........] 24 | 16 | 18 | 3.2 | 09 | 42 | 30 | 14 | 1.3 | 3.7 | 1.5 | 11 No 
. No.5.........) 1:2 | 36 | 27 | 12 | O89 | 19 | 24 | 24 | 28 | 19 | 4.4 | 1.6 No 
| No.6......-..) 1.1 | 06 | 06 | 2.5 | 04 | 05 | 10 | 1.9 | 3.9 | 0.7 | 2.0 | 04 No 
: Average...) 1.7 1.8 2.2 2.4 1.3 2.6 1.5 7.9 1.8 1.8 2.2 | 1.0 ” 


| 
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oun 
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Q 
Po 8 
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Z 
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0.7 

3.7 
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SPECIMENS FROM THEIR AVERAGE (Continued). 


Each value is average percentage mean variation of three tests made on three days. 
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TABLE V.—PERCENTAGE MEAN VARIATION IN COMPRESSIVE STRENGTH OF THREE TEST 


Laboratory 


CEMENT No. 6 


— 
ae 7 Days | 28 Days Ce 
Bl | Bil | B2 | B-3 | B4 | Ba | | B-2 | B-3 | Ba 
ES | Mix Mix Mix Mix Mix Mix Mix Mix Mix Mix Mix | Mix Pert 
Cement No. 1 
ie “Te 13 | o8 | 1.7 | 34 | 19 | 25 | 28 | 1 1.9 | 1.8 | 1.9 ie. 3. 
f iactekes 3.1 2.2 | 19 | 20 | 20 | 34 | 26 | 3 2.9 | 3.7 | 4:3 Lah 
32 | 33 | 1.7 | 2:3 | 27 | 3:9 | 3:2 | 2 23 | 4.2 117 
11 | 20 | 1.9 | 2.5 | 28 | 3 | 4.7 | 3.7 Re. 6 
'%, “| wah 1.9 3.4 1.9 3.9 3.4 5.3 2.1 2 2.2 1.2 | 2.8 Ave 
6..... os; 16 | 10 | 19 | | | 33 | 3 19 | 15 
Average... | | 19 | 24 1.7 2.5 | 2.5 2.9 ee 1.9 2.4 | 26 Av 
Cement No. 2 No. 1 
3 18 | 9.8 3.7 | 1.2 | 16 | 23 | 33 | 15 | 34 | 3.6 | 3.7 No 
2.2 | 1.9 2.0 | 1.4 1.2 15 | 3.0 | 26 | 3.7 No. 4 
32 | 19 | 1.2 | 20 19] 19 16 | 1.9 | SA No. 6 
1.3 1.8 1.5 2.9 1.6 2.8 1.1 ae | Ave 
Me. 6.........] 3.0 1.1 09 | 1.3 1.5 1.4 2.0 | 0.7 | OS | 08 | 
Average....| 2.1 | 2.5 2.2 | 20 | 22 | 20 | | TS | 23 | | To 
a. Cement No. 3 — 
No. 1 
aD No.1.......... 2.0 | 2.2 | 25 | 23 | 21 | 1.0 | 1. | 214 No. 2 
: No.2.........| 3.1 | 62 | 16 | 4.2 | 28 | 28 4.0 | 3 No. 3 
6.2 2.4 } 3.2 2.5 1 No. 4 
No.4.......... 0.8 | 2.0 | 1.2 | 3.4 | 22 | 2.1 4.0 | 2 No. 5 
; No. 5.........| 2.7 1.6 2.7 1.0 | 2.9 1.3 1.3 2 No. 6 
No.6.........} O.9 | 1:5 | O7 | 1:5 | 10 | | Av 
Average....| 2.2 | 3.3 | 1.9 | 23 | 24 1.9 2.3 | 2 
Cement No. 4 
No.t.........[ 25 | 13 | 10 | 19 | 26 | 19 | a5 | 12 | 23 | 25 | 2.6 | 24 
No.2.........| 36 | 1.0 | 24 | 34 | 1.3 | 2.7 | 11 ] 28 | 26/1 25 | 48 | 25 C 
No.6.........| 1.3 | 0.2 | 04 | 0.4 | 0.8 | 04 | 1.0 | 1.2 | 0.7 | 1.4 | 1.0 | 1.2 PEs 
Average....| 2.2 1.6 1.4 1.7 2.2 2.1 1.9 4 1.9 
5 4 | 4. No; 
3 6 ) 0 
6 1 0. Ay 
9 6 | 2. 
7 7 1 | 0. A 
Average....| 1 0 7 2. 
He. 
| 16 | 3.5 | 1.9 | 20 | 1.6 | 24 
BO» B.o0-0+00- 1.2 | 2.9 | 3.0 | 2.6 | 1.1 1.3 | 2.0 | 4.4 | 2.1 1.6 | 2.1 | 14 No. 
No.5...) | 33 | | Te | | | | | | | 
No.6........-| 14 | O.7 | 0.5 | 0.7 | OS | O9 | 212 | 14 | O5 | 10 | OS | 09 2 
Average....| 2.3 | 2.2 | 2.1 | 18 | Ta | 14 | 18 | 26 | fo | To | 14 | 17 A 
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Priastic Mortar TESTS 


* 


TABLE VI.—SUMMARY OF PERCENTAGE MEAN VARIATIONS. 
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(VALUES TasBLe IV). 


AVERAGE (VALUES FROM TABLE V). 
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AVERAGE PERCENTAGE MEAN VARIATIONS IN COMPRESSIVE STRENGTH OF THREE TEST SPECIMENS FROM THEIR 
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PERCENTAGE MEAN VARIATIONS OF COMPRESSIVE STRENGTH BETWEEN LABORATORIES (VALUES FROM TABLE III). 


AVERAGE PERCENTAGE MEAN VARIATIONS IN COMPRESSIVE STRENGTH OF THREE TESTS FROM THEIR AVERAGE 


| 


ov 


AVERAGE PERCENTAGE MEAN VARIATIONS IN COMPRESSIVE STRENGTH OF THREE TEST SPECIMENS FROM THEIR 


1 Day 3 Days ‘& 
B- | | B-2 | B-3 | Be | C109] B-l | | B-2 | B3 | B4 |C109 
Mix Mix Mix Mix Mix Mix Mix Mix Mix Mix Mix | Mix 
c PERCENTAGE MEAN VARIATIONS OF COMPRESSIVE STRENGTH BETWEEN LABORATORIES (VALUES FROM TABLE III). ~~ ; 
Tf on: 7.5 | | | | 77 | 7m | 
= eS 11. 9.5 11. 10 12.7 9 _ 
) 9. 11.1 15. 13 7.7 10 
We. 6.4 3. 7.5 8. 7 5.7 5 
3. 8.0 8. 10 6.1 6 
7.0 | | 10. 4.1 | 4.7 ay 
3 Average....} 7.7. | 7. 8.9 | 9. 9. 7.3 7.1 
AVERAGE PERCENTAGE MEAN VARIATIONS IN COMPRESSIVE [THREE TESTS FROM THEIR AVERAGE 
| Se] 3 
No. 6 2.4 2.0 3 | 
Av 2.9 
7 
2.1 
2.1 
2.1 
Average... | 32 2.3 | 
7 Day 28 Days we 
Bl | BiL | B-2 | B3 | B4 | C109] B- | BAL | B-2 | B3 | Ba 
Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix | Mix 
| 
8 7 
6 4 on 4 > 
4 3 3 
No. 6........ 4 6 | 3 ! 
Average 22 1 2 
He. 
Average... 
| 
Be 2 | 1.4 1.7 2 
2.1 | 1.8 
Average....| 2 1.8 1.9 0 
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TABLE VII.—RESULTS OF PHYSICAL TESTS USING A.S.T.M. METHODS C 77 - 375 AND C 115-33 Ts 


Normal Tene, Residue | Specific 

Consist- br.: min. |Soundness No- 200) Surface, 

ency, per Sieve, per} sq. cm. 
cent cent per g. 


Initial | Final day | 3 days | 7 days |28 days 


Tensile Strength, psi. 
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CEMENT No. 3 


Nw 
An 


4.2 
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SSasa 
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29.5 

30.0 

28.0 
30.0 
29.0 
29.5 


So: Pee 
sa: $8 


a 


OOF WooRkKINNG COMMITTEE OF CCOMMIAITTEE 
Laboratory 
CEMENT No — 
22.0 447 No. 3. 
Cement No. 2 — 
OK | 1760 138 | 317 | 418 | 525 No. 2. 
OK 2.0 | 1858 152 310 370 | 455 No. 3. 
IK 170 305 350 445 No. 4. 
Ee athcbictindcc K | 0.7 | 1785 130 | 277 | 393 | 490 No. 5. 
140 | 300 | 390 | 455 Avel 
Average............ 14 | 1827 45 | 299 | 3e2 | a6 
¢ ——— No. 1. 
OK | 1630 147 278 372 | 465 No. 2. 
o | 1758 150 278 340 442 No. 3. 
OK | 1805 130 | 270 335 420 No. 4. 
OK | 4.0 1610 140 | 258 350 437 No. 5. 
135 | 275 350 | 465 No. 6. 
IK 1810 11S 275 375 | 420 Ave 
| 44 1732 136 | 272 354 | 42 — 
CEMENT No. 4 — 
322 448 515 548 No. 2. 
1 OK 0.2 | 2558 325 453 470 513 No. 3. 
| 245 425 475 535 No. 4. 
OK | 0.0 | 2465 323 418 452 537 No. 5. 
OK 2435, 330 | 475 | S35 | 520 Ave 
Average............ 0.1 2521 308 442 489 535 
y Cement No. 5 
No. 1. 
| OK 2480 240 | 390 | S07 | 550 No. 2. 
| OK 0.2 2583 265 | 430 | 453 | No.3. 
OK 2440 225 370 440 545 No. 4. 
OT Seay OK 0.0 2525 282 367 468 563 No. 5. 
240 400 500 555 No. 6. 
OK 2500 255 405 | 510 | 535 Ave 
= Average............ 0.1 2506 251 | 394 | 480 | S42 — 
CEMENT No. 6 
No. 1. 
2:0 OK 2970 313 430 445 540 No. 2. 
2:3 OK 0.2 3085 330 430 447 505 No. 3, 
NO. 1:38 OK 2820 305 395 450 495 
Fi, 3:18 265 | 410 | 465 | 490 No. 6. 
4 2:3 IK 2900 290 415 | 465 | 495 Ave 
a BIER. 060550520. 2:22 | = 0.2 2944 301 416 454 505 — 
* Not determined exactly due to hesitation set. 
, 
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TABLE VIII.—RESULTS OF CHEMICAL ANALYSES USING A.S.T.M. METHODS C 114 - 39.4 


| 
Silicon (Aluminum) Ferric i Sulfur 
Laboratory Dioxide, i 1 Trioxide, Loss on | Insoluble 


SiOz ignition, | Residue, 
per cent | per cent | per cent MgO, | per cent | Percent | per cent 


Cement No. 


4.6 
4. 
4. 


AR: 


See: 
aw 

: BSB: 


joo: 


w: 


| 


a 


| ale: : 
& 


= 
4 
7 3.45 64.50 | 1.30 1.39 0.66 
47 3.77 | 63.55 1.16 1.32 1.28 
SO 4.44 3.58 | 64.18 1.30 1.35 0.84 0.05 
all CEMENT No. 2 
25 5.61 2.13 63.58 3.85 1.63 0.82 
55 | 5.23 2.43 63.20 3.48 1.54 1.21 
45 6.30 1.82 63.42 3.80 1.60 0.97 
21.82 | 5.87 | 2.17 | 63.00 | 3.83 1.62 1.26 | 0.07 
5.75 | “2.14 63.30 | 3.74 1.60 1.07 0.07 
CEMENT No. 3 
2.36 65.00 1.86 1.60 1.30 * 
655 | | 6.05 | | | O86 | OH 
CEMENT No. 4 
48 20.84 | 1.22 2.27 1.08 
13 1S 1.09 2.06 1.94 
535 20.64 12 1.19 2.28 1.33 
Cement No. 6 
$40 4.55 2.05 3.02 2.20 1.71 q 
490 3.01 | 2.16 1.52 0.13 
495 4.66 | 2.25 2.92 | 2.15 | 1.80 0.18 
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standing in one or more respects. It is 
evident that the mortars did not exhibit 
the same characteristics in the different 
laboratories, in the case of each cement. 
In general, water gain occurred with 


cements 1, 2, and 3 in all mixes, but in 


fewer instances with cements 4, 5, and 6. 
However, one laboratory reported no 
water gain on any mix except B-2 and 
with cements 1 and 2 only. The mor- 
tars B-1 and B-iL were considered 
difficult to mix and mold by at least two 
laboratories. The B-2 mortar was rated 
too wet by some operators with cements 
1, 2, and 3, and too sticky with cements 
3, 4, and 6. One laboratory rated B-4 
as the best all-around mortar with B-3 
second, while another rated these two 
— ‘not much improvement over 
C 109.” Another laboratory rated B-3 
and B-4 mortars fair as to workability 
and placeability, and reported no water 
gain with any of the cements. A study 
of the comments leads to the conclusion 
that the C 109 mortar is as satisfactory, 
if not more so, for testing purposes as 
are the other mortars from the stand- 
point of the several characteristics as a 
whole. 

In Table II are given the average flow 
results and the average changes in the 
basic mixes. The increments of cement 


are given since the specified 


cement-water ratio of 1.88 by weight was 
maintained in every case. 

In Table III are given the average 
compressive strength results obtained by 


- each laboratory on each cement. 


Attention is called to the wide dif- 


ference in flow results obtained with 


mortars B-2 and C 109 where the quanti- 


ties of cement, sand, and water were 


held constant. The strength results 
were not affected by these apparent dif- 
_ ferences in consistency, and the uniform- 


_ ity was practically as good as that of the 


other mixes where the flows were held 


_ constant (75 to 90 aed cent) by — 


the ratio of cement-water paste to sand, 
It should be noted that in keeping the 
flows within the 75 to 90 per cent range 
some of the laboratories had to change 
the basic mix, either leaner or richer, 
over quite a range with the same ce- 
ments. The flow results of any given 
laboratory are generally consistent with 
all of the cements and all of the mortars; 
that is, a laboratory obtained high, 
medium or low results consistently. 

In Table III the percentage mean 
variations between laboratories are given 
also, and in Tables IV and V similar 
data for the three rounds of tests and 
for the three test specimens for a period. 
These percentage mean variations are 
summarized in Table VI. 

There is not much difference in the 
uniformity of strength results of the 
various mortars as judged by the 
average percentage mean variation. 
Mortars B-1 and B-2 have the lowest 
figures. The grand average percentage 
mean variations, all test periods, are as 
follows: 


B-4 
Mix 


Between laboratories -0 | 6.4 
Between rounds in 

same laboratory ....| 3.3 | 3. 3.3 
Between cubes at same 


3.3 | 3.9 | 3.4 | 4.0 | 3.9 


In Table VII are given other physical 
test results, and in Table VIII the 
chemical analyses of the six cements 
used. 


CONCLUSIONS 


1. Based upon the comments of the 
laboratory operators as to workability, 
ease of mixing, moldability, and water 
retention, the C 109 mortar appears to 
be as satisfactory, if not more so, for 
testing purposes as the other mortars 
investigated. 

2. The B-2 (pebble) mortar, having 4 
Wetter higher water-cement 
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ratio, and fixed porportions of cement, 
sand, and water, was somewhat easier to 
mix and mold than the other pebble 
mortars (B-1 and B-1L), produced good 
uniformity of strength results, but was 
generally rated too wet and too sticky. 

3. The local pebbles were practically 
as satisfactory as the low-absorptive 
pebbles. 


4. When the average compressive 
strength results of the C 109 mortar are 
charted against those of the B-1, B-1L, 
B-3, and B-4 mortars the curves are 
nearly straight lines and are practically 
the same as those shown in Fig. 1 of — 
the 1938 report,' and when charted 
against the B-2 mortar a straight-line 
relation is indicated. 


FINAL SUMMARY OF COOPERATIVE INVESTIGATION OF SEVERAL MorTARS 
COMPARED WITH DATA FURNISHED BY NATIONAL BUREAU OF 


STANDARDS 


The data in Table [IX submitted by 
the National Bureau of Standards con- 
sist of compressive strength results of 
the six cements, using 1:4 standard 
Ottawa sand and 10 per cent mixing 
water. The mortar was placed in the 
cube molds by means of 1-min. vibra- 
tion with a rotary vibrator having an 
amplitude of 0.007 in. and rotating at 
the rate of 83 cycles per second. These 
results are more uniform than plastic 
mortar results and appear to have a very 
good relation to the plastic mortar 
strength of the cements. It so happens 
that the strengths obtained by this 
method are practically the same as the 
average strengths obtained with the 
C 109 mortar.? 

The summary in Table X shows the 
average strength results and the per- 
centage mean variations obtained by the 
National Bureau of Standards (N.B.S.), 
using vibrated mortar, and the average 
strength results and the percentage mean 
variations obtained by the six labora- 
tories using the C 109 mortar? It 
should be noted that the results from 
the Bureau are more uniform than the 
average results from the six laboratories 
using the plastic mortar in spite of the 
fact that the uniformity of results from 
the latter is improved by the averaging 
process. 

The vibration method appears to have 
excellent possibilities and should be in- 
vestigated further. 


The Working Committee recognizes 
that the present Tentative Method 
C 109-37 T? has shortcomings, several 
of which, however, are of a minor nature. 
The principal difficulty is that it does — 
not take care of variations in consistency 
due to differences in cements, in labora- 
tory conditions, and in grading of the 
testing sand. Occasionally a batch of 
mortar is too dry or too wet for a satis- 
factory molding consistency, and if too 
dry either more water must be added or 
a greater tamping pressure than that 
specified must be applied in order to 
make satisfactory cubes. Theoretically, 
it seems reasonable to add water and 
thereby penalize the strength of the 
harsh-working cement, but in practice 
the variations in consistency between 
laboratories due to laboratory conditions 
are of far greater magnitude than those 
due to differences in portland cements or 
to differences in grading of the testing 


sand, as demonstrated by the present 


series of tests and by the previous series. 
For this reason the fixed cement-water 
ratio together with the fixed cement-sand 
ratio should be retained until a satis- 
factory method for measuring consist- 
ency has been found or until some way — 
has been devised to get around this 

obstacle. The dry-vibrated mortar sug- 
gested by the National Bureau of Stand- 
ards not only appears to offer improved © 
uniformity but may also prove to be a | 
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satisfactory method for eliminating the 
consistency problem. 

It is suggested that a study of testing 
machine data may disclose information 
which, if followed, would result in im- 
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The Working Committee believes 
that none of the plastic mortars covered 
in the investigation shows sufficient 
superiority over the C 109 mortar to 
warrant a change in type of mortar and 


ABLE IX.—RESULTS OF STRENGTH TESTS MADE BY THE NATIONAL 


T. 
BUREAU OF STANDARDS LABORATO N CONN 


CTION WITH INVESTIGATION OF MORTARS By 


SEVEN LABORATORIES, SPONSORED BY WORKING COMMITTEE ON PLASTIC MORTAR TESTS. 


The plastic mortar cubes of each cement were made with 1:4 standard Ottawa sand by weight, and 10 per cent mixing 
water. The mortar was placed in cube molds and vibrated 1 min. with rotary vibrator, 0.007 in. amplitu e and 83 cycles 


per second. 


Compressive Strength of 2-in. Cubes, psi. 


Cement 
DateofTest No.1 No.2 


Cement Cement 


Cement 
No. 3 No. No. 5 


July 19, 1939 
Ver 
ae mean variation 
j July 21, 1939 
Average 
Percentage mean variation 


July 24,1999 4. 


Grand average, psi 
Average percentage mean variation. . 


Percentage mean variation between 


TABLE X.—COMPARISON OF DATA FROM NATIONAL BUREAU OF STANDARDS aaa WITH 
RESULTS FROM SIX COOPERATING LABORATORIES ON MORTAR C 109 


Cement No.1 | Cement No. 2 


Cement No. 3 


Cement No.4 | Cement No.5 | Cement No.6 


7 days | 3 days | 7 days 


7 days | 3 days 7 days 


1660 
1644 


1.0 1.1 
2.5 2.6 


0.3 1.4 
3.5 4.0 


1605 
1539 


3010 


2920 


2977 
0.7 


4945 
4896 


330. 
0. 
1. 
i. 
3. 


5 1.2 
5 1.7 1.4 
1 1.0 . 2 | 15 
| 3.3 1.9 A | 2.6 


* Average compressive strength in pounds per square inch, results from Tables [X and III. 
Percentage mean variation between individual! test specimens at a period, results from Tables IX and V. 
© Percentage mean variation between three rounds of tests, results from Tables [X and IV. 


provement in uniformity of strength re- 
sults, and the committee has arranged 
to procure the data on testing machines 
obtained on the Cement Reference 
Laboratory comparative samples. 


it recommends that the Tentative 
Method of Test for Compressive 
Strength of Portland-Cement Mortars 
(C 109 — 37 T) be retained as tentative 
for another year in order that the com- 


mitt 
stud 
cape 
4 in 
3 7 3 7 3 7 3 7 3 7 3 7 
days | days | days | days | days | days | days | days | days | days | days | days 
1065 | 1660 | 1565 | 2820 | 1485 | 2575 | 3260 | 4795 | 2890 | 5075 | 3550 | 4785 
1060 | 1700 | 1630 | 2985 | 1495 | 2580 | 3260 | 4735 | 2850 | 5030 | 3465 | 4900 
1130 | 1635 | 1615 | 3005 | 1540 | 2670 | 3225 | 4780 | 2885 | 5070 | 3570 | 4840 
1085 | 1665 | 1605 | 2935 | 1505 | 2610 | 3250 | 4770 | 2875 | 5060 | 3530 | 4840 
2.8| 1.4] 1.6] 2.7] 1.5] 1.6] 0.5] 0.5] 0.6] 0.4] 1.2] 0.8 
1070 | 1655 | 1545 | 3060 | 1495 | 2765 | 3185 | 4755 | 2975 | 5130 | 3525 | 4g45 
1085 | 1670 | 1575 | 3050 | 1470 | 2840 | 3225 | 4880 | 2925 | 5265 | 3490 | Sos 
1040 | 1655 | 1585 | 3120 | 1510 | 2785 | 3220 | 4950 | 2895 | 5260 | 3460 | Soss 
1065 | 1660 | 1570 | 3075 | 1490 | 2795 | 3210 | 4860 | 2930 | 5220 | 3490 | 4oa0 
1.6] 0.4] 1.0] 0.9] 1.0] 1.0] 0.5] 1.5] 1.0] 1.1] 0.9] 1.8 
1110 | 1630 | 1640 | 3045 | 1555 | 2600 | 3285 | 5040 | 2925 | 5465 | 3485 | 4955 
1115 | 1640 | 1620 | 2965 | 1555 | 2640 | 3305 | 4955 | 2965 | 5315 | 3715 | So15 
~% 1065 | 1685 | 1655 | 3030 | 1505 | 2625 | 3340 | 5100 | 2965 | 5285 | 3620 | 5090 
i Average ..| 1095 | 1650 | 1640 | 3015 | 1540 | 2620 | 3310 | 5030 | 2950 | 5355 | 360 | 5020 
Percent: ee] 20.0] 1.3] 0.7] 1.1] 1.4] 0.6] 0.6] 1.0] 0.6] 1.4] 2.3] 0.9 
4 pe 1080 | 1660 | 1605 | 3010 | 1510 | 2675 | 3255 | 4885 | 2920 | 5210 | 3540 | 4945 
a 2.1] 1.0] 1.4] 1.6] 1.3] 1.1] 0.5] 1.0] 0.7] 1.0] 1.5] 1.2 
4 
rounds. 0.3] 1.4] 1.6] 1.2] 3.0] 1.4] 1.9] 1.0] 2.0] 1.2] 15 
3days | | 3 days | 
7 NBS?.......| 1080 mms | 1510 | 10 | 3540 
C 109%........| 995 |_| |_| 3069 | 1382 | 2481 01 | 3459 
N.B.S.5.......| 2.1 1.6 1.3 1.1 
1.6 1.2 3.0 
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mittee may investigate suggestions for 
possible improvement resulting from a 
study of the effect of different types, 
capacities, etc., of testing machines, and 
in order to investigate the high- 
frequency vibration method for molding 


cubes suggested by the National Bureau 
of Standards. A 
Respectfully submitted on behalf oo 
the Working Committee, 
O. L. Moore, 


Chairman. 


j 
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SOUNDNESS TESTS 


wite,, * SPONSORED BY WORKING COMMITTEE ON VOLUME CHANGE AND SOUNDNESS 


aa In March, 1939, arrangements were 


made with several of the members of 
Committee C-1, and others interested, to 
participate in a program of soundness 
tests sponsored by the Working Com- 
mittee on Volume Change and Sound- 
ness of Portland Cement. During the 
past year the Working Committee has 
received reports from the cooperating 
laboratories and has made a study of the 
results. 

The principal aims of this work have 
been to determine, through a cooperative 
series of tests, the effect of certain varia- 
tions in the proposed method of conduct- 
ing the autoclave test, to explore the 
possibility of using a modified pat as a 
test specimen in the autoclave test, 
and to study the autoclave expansions 
of neat bars in relation to the strengths 
of corresponding autoclaved and unauto- 
claved neat and standard mortar 
briquets. 

This report gives the results of this co- 
operative series in which 30 laboratories 
participated by making tests on several 
cements which the various laboratories 

had available for routine tests. 

_ Cooperating Laboratories: The 30 labo- 
-ratories that cooperated in making the 
- in whole or in part are listed below: 

Allentown Portland Cement Co., Cata- 

sauqua, Pa., M. D. Olver, Supervising 
Chemist. 
Alpha Portland Cement Co., Easton, Pa., 
L. Anderson Jr., Chemical Engineer. 
Bessemer Limestone and Cement Co., 


Youngstown, Ohio, R. E. Roscoe, Vice- 
President. 


California Portland Cement Co., Colton, 
Calif., W. C. Hanna, Chief Chemist and 
Chemical Engineer. 

State of California Dept. of Public Works, 
Division of Highways, Materials and 
Research Dept., Sacramento, Calif., T. E. 
Stanton, Materials and Research Engineer. 

Canada Cement Co., Ltd. (four plant labora- 
tories), Montreal, Quebec, Canada, A. G. 
Fleming, Chief Chemist. 

Federal Portland Cement Co., Inc., Buffalo, 
N. Y., J. F. Barton, Chief Chemist. 

Froehling and Robertson, Inc., Richmond, 
Va., G. J. Durant, President. 

Glens Falls Portland Cement Co., Glens 
Falls, N. Y., C. T. Raber, Chief Chemist. 

Green Bag Cement Co. of Pennsylvania, 
Pittsburgh, Pa., L. N. Bryant, Research 
Engineer. 

State Highway Comm. of Kansas, Man- 
hattan, Kans., W. E. Gibson, Engineer of 
Tests. 

Keystone Portland Cement Co., Bath, Pa., 
H. H. Leh, Gen. Operating Manager. 

Kosmos Portland Cement Co., Louisville, 
Ky., E. E. Berger, Chief Chemist. 

Lawrence Portland Cement Co., North- 
ampton, Pa., L. A. Ejisenhard, Chief 
Chemist. 

Lehigh Portland Cement Co., Allentown, 
Pa., R. N. Young, Chemical Engineer. 

Lone Star Cement Corp. (four plant labora- 
tories), New York, N. Y., H. R. Durbin 
Chief Chemist. 

Medusa Portland Cement Co., Wampum, 
Pa., H. Vanderwerp, Vice-President. 
Pennsylvania-Dixie Cement Corp., Nazareth, 

Pa., W. H. Klein, Vice-President. 

Portland Cement Association, Chicago, IIl., 
H. F. Gonnerman, Manager of Laboratory. 

Southwestern Portland Cement Co., Osborn, 
Ohio, G. E. Warren, Vice-President and 
Manager. 

Thompson and Lichtner Co., Inc., Boston, 
Mass., M. N. Clair, Vice-President. 

Universal Atlas Cement Co., New York, 
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N. Y., O. L. Moore, Director, Tests and 
Research. 

U. S. Dept. of the Interior, Bureau of Recla- 
mation, Denver, Colo., R. F. Walter, 
Chief Engineer. 

Whitehall Cement Mfg. Co., Cementon, Pa., 
M. H. Meighan, Chief Chemist. 


Scope of Tests.\—The principal items 

under investigation in these tests were: 

1. Effect of age on autoclave expan- 

sion of neat cement bars cured 

moist for 1 day and 14 days 

before test (groups 1 and 1A of 
Table I). 

2. Effect of molding procedure on 
autoclave expansion of neat ce- 
ment bars (groups 1 and 2 
of Table I). 

3. Comparison of autoclave test of 
neat bars and modified neat pats 
at 1 day with the standard 
A.S.T.M. soundness test of neat 
pats (groups 3 and 4 of Table I). 

4. Strength and volume change of 
moist-cured and autoclaved neat 
cement briquets (groups 5 and 
6 of Table I). 

5. Strength and volume change of 
moist-cured and autoclaved 1:3 
standard mortar briquets (groups 
7 and 8 of Table I). 

6. Volume change of neat cement 
cylinders in the “LeChatelier” 
test (groups 9 and 9A of Table I). 

Cements.—The cements used in these 

tests comprised a variety of both com- 
mercial and experimental cements. 
Each laboratory obtained the cements on 
its own initiative and so far as is known 
no two laboratories tested the same 
cements. 


DATA AND DISCUSSION OF TESTS 


Results of tests reported by the co- 
operating laboratories are presented in 
Table I. Details of the procedure 
followed in the tests are outlined in the 

1 See “Outline of Cooperative Studies of Various Types 


soundness Am. Soc. Testing 

ats., Vol. Pp. ( ° 


notes at the head of the table. In this _ 
table the cements for each laboratory — 
are arranged according to type, and the 


cements of a given type are arranged in 


the order of their expansions in the 
autoclave as determined at the usual 
1-day period. | 

Effect of Age on Autoclave Expansion. — 
~—Of the 221 cements tested using both 
1-day and 14-day moist-cured bars, 
206 or 94 per cent of the cements showed 
approximately the same orlessexpansion _ 
when tested at 14 days than when 
tested at 1 day. The remaining 15 
cements, which had appreciably higher | 
autoclave expansions at 14 days than at 
1 day, are listed in Table II. 

The 15 cements in Table II are listed 
in the order of their autoclave expan- 
sions at 1 day, the first 4 cements having 
expansions less than 0.5 per cent, the 
next 2 having expansions between 0.5 
and 1 per cent, and the remaining 10 
cements having expansions in excess of 1 
per cent. Of the 6 cements having 
autoclave expansions of less than 1 
per cent at 1 day, 4 showed much 
higher expansions at 14 days than at 1 
day. This was also the case for several 
of the cements having expansions at — 
1 day over 1 per cent. The other | 
cements listed show relatively small 
differences between the expansions at 
1 day and 14 days, and such differences 
as were reported may possibly be ex- 
plained by differences in conducting 
the tests. 7 

The higher expansions reported in the 
14-day tests for some of these 15 cements 
are contrary to experience, since aging 
of the specimen has been found to reduce 
the expansion. Attention is called to 
the results for laboratory No. 24 listed 
in Table II which show that repeat 
tests in the case of cement marked 2 
did not confirm the high expansion found 
at the later age in the earlier test. The 
reverse is true in the case of cement 
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marked 1 tested at the same laboratory. 
Since little or no data were submitted 
regarding the cements which showed the 
unusual results obtained in the group 
1A tests, no attempt has been made to 
explain them at this time. 

Effect of Molding Procedure on Auto- 
dave Expansion.—Of the 263 cements 
tested in group 2 for comparison with 
group 1, all but three cements showed 
substantially the same autoclave expan- 
sions when the test bars were molded in 
one or two layers with as few as 50 
tamps, as when they were molded in 


results differing materially from those 
obtained with the 1938 method in tests 
on 263 different cements, it may be 
concluded that the method of molding 
the test bar is not an important variable 
so long as the mold is completely filled 
and a homogeneous specimen is obtained. 
In filling the mold, it is important that 
care be exercised to insure that the paste 
completely surrounds the _ reference 
points at the ends of the bar. 
Comparison of Autoclave Test with Two 
Types of Pat Tests —The data submitted 
permit some comparisons to be made of 


TABLE II.—CEMENTS HAVING a Fe AUTOCLAVE EXPANSIONS AT 14 DAYS THAN 


Autoclave Expansion, 


Refer- per cent 


ence 
Mark 


Laboratory 


A.S.T.M. 
Standard 
Pat 


Modified 
Autoclave Pat 


ne > 
+e 


w 
te 


~ 

= 

S 


an 


so 
BR RE SSE 


5 
8 
6 
1 
Cc 
5 
D 
2 
9 
2 
5 


Warped and cracked 
OK 


| Sound but cracked 
| Checked 


| Unsound 
| Unsound 


High early strength 
Normal 
Normal 
High early strength 


High early strength 
Normal 


Normal 
Special 
Special 


Normal 
Normal 


High early strength 
Underburned 


* Check tests on same cement. 


three layers in accordance with the 1938 
proposed method? using 150 tamps. 
These three cements were as follows: 


Autoclave Expansion 
at 1 day, per cent 


Reference 
Laboratory Mark Modified 
pos Procedure 


(Group 1) (Group 2) 


Since only in the three cases indicated 
above did the modified procedure give 


_ ?See Proposed Method of Test for Autoclave Expan- 
sion of Portland Cement, Proceedings, Am. Soc. Testing 
ats., Vol. 38, Part I, p. 297 (1938). 
bd 1937 Supplement to Book of A.S.T.M. Standards, 


" ‘Tentative Method of Test for Autoclave Expansion 
of Portland Cement (C 151-40 T), 1940 Supplement to 
Book of A.S.T.M. Standards, Part IT, p. 176. 


the expansions of neat bars in the auto- 
clave test with the behavior of com- 
panion modified neat pats in the auto- 
clave test, and with standard neat pats in 
the present A.S.T.M. steam test. 
Both sound, and checked, cracked or © 
warped autoclaved pats were reported 
for cements showing autoclave expan- 
sions at 1 day of from 0.18 to 4.2 per cent. 
It was not clear from the comments sub- 
mitted with the test data, whether the © 
checks and cracks noted were significant _ 
and of such a nature as to indicate actual © 
unsoundness of the cement. In a few 
cases the autoclaved pats were reported _ 
as. having superficial cracks on the top 
surface, perhaps due to troweling (labo- 
ratory No. 18). No sound autoclaved 


He 
a 
wie 
14 days | 
OK OK 
's 
Me. 2.20(2.46)* | OK(OK OK(OK)* 
8.94 OK OK 
2.50 OK 
3.57 OK 
| Too big OK 
| Too big OK 
8 0.85 1.12 
2 0.71 1.64 


cent at 1 day. 


Standard pats were reported as show- 


_ ing cracks in the A.S.T.M. soundness 
test for 9 cements having autoclave 


_ expansions less than 0.5 per cent at 1 
day. Some of these pats had only 


_ warped, standard pat was reported for a 


cement having an autoclave expansion of 


1.22 per cent at 1 day, and disintegrated 


or otherwise unsound standard pats were 
reported for 3 cements; one of these had 


an estimated autoclave expansion of 


qe 


«wet; 
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autoclave expansions so that a better 
evaluation of the modified autoclave 
pat test could be made. 

Strength and Volume Change of Briquets 
Subjected to Autoclave Test.—The ratios 
of the strengths of autoclaved briquets 
to the strengths of companion moist- 
cured briquets at 30 hr. varied over a 
wide range. This was particularly true 
for the cements reported as showing an 
autoclave expansion of 0.5 per cent or 
less. The following tabulation gives the 
distribution of the cements with respect 
to both the autoclave expansions at 
1 day, and the ratio of the strengths of 
the autoclaved briquets to the strengths 


TABLE III.—_COMPARISON OF TWO TYPES OF PAT TESTS WITH AUTOCLAVE EXPANSIONS. 


Autoclaved Modified Pat 


A.S.T.M. Standard Pat 


Autoclave 
Expansion 


Number of Cements Reported as 


Number of Cements Reported as 


at 1 day, 


3 


3 
OK 


207 
34 0 
32 

_5| 0 

278 10 


| Unsound 


| Unsound 


| Warped 


| Check 


@ Pats for 2 of the 4 cements were reported to be OK when dry but to show a few cracks in the troweled surface when 
the other 2 cements were reported to have a few cracks in the top surface when examined either wet or dry. 
Pat reported OK when dry and to have cracks in troweled surface when wet. 


© Pats for 2 of the 3 cements were reported as only slightly warped. 
4 Pats for 5 of the 9 cements were reported as showing cracks only after wetting; for two of thecements the cracks were 


in the troweled surface. 


* Cracks noted only when pat was wetted. 


37.5 per cent and the other two dis- 
integrated in the autoclave. Five ce- 


ments with autoclave expansions above 
5 per cent were reported as showing 


_ sound standard pats. 


The results for both types of pat test 
with respect to the autoclave expansion 
of parallel neat bars are summarized in 
Table III. 

Perhaps the most significant feature 
of the data in Table III is that for auto- 
clave expansions above 1 per cent, an 
appreciable number (34 per cent) of the 
autoclaved modified pats, and nearly all 
(88 per cent) of the standard pats, were 
reported OK. It is unfortunate that 
the cooperating laboratories were unable 
to obtain more cements having high 


of the corresponding moist-cured 
briquets at 30 hr.: 


Number of Cements 


Ratio of Strength of Auto- 

claved Briquets, to Strength 

of Companion Moist-Cured 
Briquets at 30 hr. 


Autoclave 

Expansion 
at 1 day, 
per cent 


16 
6 
0 


BRIQUETS 


65 
14 
9 
0 


Expansion in Autoclave of | by | by 114-in. Neat Bars at | day, per cent 


pats were reported for cements having The 
A an autoclave expansion above 4.2 per ratio, 
briqu 
clave 
| 
a sisten 
labor: 
superficial crack e troweled surface 
and hence -ounte 
ber of —J| ber of |—— 
7 ments OK 4 ments 
t. Re- 3 Re- 
ported 5 = ported | 
orless.....} 216 | 210 | 2 0 216 
to 1.00.....) 34 30 | 1° 0 3¢ 34 
to $.00.....) 30 | 13] 2 3 10 3 
Over 5.00.......) 8 _0 0 2 
288 | 253 7 5 15 29 
in 
| Str 
of § 
Total | S 
| | 0.75 | 0.76 | 1.01 | over 
| or to to 1.25 
| | Less | 1.00 | 1.25 | bets 
NEAT BRIQUETS bars 
. 0.5 orless.......| 223 | 18 88 | 54 star 
a 0.51 to 1.00......| 33 6 8 | 3 
1.01 to 5.00......] 29 18 2 | mos 
ver 5.00........] 7 o | the 
7 1:3 STANDARD SanD mer 
0.5 or less.......| 202 14 | 68 
‘. 7 0.51 to 1.00...... 33 5 5 9 as ] 
1.01 to 5.00......| 25 5 3 8 
Over 5.00........ 6 5 1 0 stre 


| 


These data indicate that the strength 
ratio, for both neat and standard mortar 
briquets, tends to decrease as the auto- 
clave expansion increases, although in 
numerous cases the results are incon- 
sistent with this general trend. 

Figure 1, which was submitted by 
laboratory No. 29, shows relationships 


Neat Cement Briquets 
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briquets, even though the autoclave 
expansions were relatively high. The 
high strength ratios in these two cases 
may be the result of chemical reaction 
between certain of the constituents of 
the cements and the Ottawa silica sand. 

When the data from all of the labora- 


tories are plotted in the same manner as 


3 


re) 


Specific Surface 
1500 -/600 s9.cm. per g. 


Specific Surface 
2000 - 2140 59.CM. per 9. 


° 


2 


Expansion in Autoclave of | by | by 113 -ir". Neat Bars at I day, per cent (log scale) 


0.5 


Ratio, Strength of Autoclaved to 
30-hr. Moist-Cured Briquets 


_ Fic. 1.—Relationship between Expansion 
in Autoclave of Neat-Cement Bars and of 
Strength Ratios of Neat-Cement Briquets and 
of Standard Mortar Briquets. 


Submitted by laboratory No. 29. Cement numbers 
are indicated opposite plotted points (see Table I). 


between the autoclave expansion of neat 
bars and the strength ratios for neat and 
standard mortar briquets. In this figure 
most of the plotted points lie on or near 
the curve. However, two of the ce- 
ments, Nos. 18 and 19, which were in a 
group prepared from clinkers reported 
as purposely underburned, showed high 
strength ratios in the standard mortar 


Clinker Designation 


Fic. 2.—Effect of Fineness of Cement 
on Expansion in Autoclave of Neat- 
Cement Bars. 


Submitted by laboratory No. 29. Cement num- 
bers are indicated opposite plotted points (see 
Table I). 


in Fig. 1, there is considerable scat- 
tering of the individual points, es- 
pecially in the case of cements which 
showed less than about 1 per cent auto- 
clave expansion. Furthermore, high 
strength ratios were obtained for the 
standard mortar briquets of cements 
which had autoclave expansions con- 
siderably above 1 percent. Considering 
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all the results submitted, it appears that 
the strength ratios of neat and mortar 
briquets bear only a general relation 
to the expansions which occur during the 
autoclave test and hence are of doubtful 
value as criteria of soundness. 

A study was made of the dimensions of 
the briquets at the waist line before and 
after the autoclave test. It was found 
that the expansions of the neat briquets 
paralleled somewhat the expansions of 
the neat bars. On the other hand, the 
expansions of the standard mortar 
briquets did not always parallel the 
expansions of the neat bars. The relia- 
bility of such measurements on briquets 
is questionable because of their relatively 
small size and also because in some cases 
the measuring equipment used was not 
suitable for the purpose. 

Volume Change of LeChatelier Test 
Specimens.—Study of the limited data 

_ reported shows no consistent relationship 
between the LeChatelier expansion dur- 
ing 3 to 5 hr. in boiling water and the 
autoclave expansion of corresponding 
neat-cement bars. However, when the 
EeChatai specimens were tested in 
the autoclave, the expansions were about 
in direct proportion to the expansions 
of the neat-cement bars tested in the 
autoclave. 

Effect of Fineness of Cement on Auto- 
clave Expansion.—In Fig. 2 are plotted 
the expansions of neat bars in the auto- 
clave for 14 of the cements reported by 
laboratory No. 29. These cements were 
ground in the laboratory from 7 clinkers 
to two finenesses as indicated in the 


diagram. It will be noted that in each 


case the expansion of neat bars in the 
autoclave was appreciably less for the 
more finely ground cement; the higher 
the autoclave expansion of the coarser 
ground cement, the greater was the 


reduction in expansion due to finer 


SUMMARY OF 


1. For 206 (94 per cent) of 221 ce. 
ments tested, the autoclave expansions 
of neat bars at 14 days were either 
approximately the same or were less than 
the expansions of companion neat bars at 
iday. Of the 15 cements which showed 
appreciably higher expansions at 14 
days than at 1 day, four had less than 
1 per cent expansion when autoclaved at 
1 day but significantly higher expansions 
when autoclaved at 14 days. The 
reasons for this behavior are not clear 
from the information submitted. 

2. The method used in molding the 
1 by 1 by 11}-in. neat bars did not affect 
the 1-day autoclave expansion appre- 
ciably. It may be concluded, therefore, 
that the method of molding is not an 
important factor, provided the mold is 
completely filled and homogeneous speci- 
mens are obtained. 

3. From the data submitted it appears 
that sound autoclaved pats may be 
obtained with cements which show 
autoclave expansions up to 4 or 5 per 
cent. 

Pats in the A.S.T.M. steam test were 
reported as sound for nearly all of the 
cements except those having excessively 
high autoclave expansions at 1 day. 
The results confirm those of many other 
tests in showing the inadequacy of the 
standard pat test as a test for soundness 
of cement. 

4. Ratios of the strengths of auto- 
claved neat and standard mortar bri- 
quets to the 30-hr. strengths of 
companion moist-cured briquets, showed 
a general trend toward lower values as 
the autoclave expansions of the cements 
increased. However, there were many 
exceptions to this general trend, indi- 
cating that these strength ratios are not 
very reliable criteria of cement soundness. 

5. The limited results reported showed 
little agreement between the LeChatelier 
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expansion tests made in boiling water 
and the autoclave expansions of the 
cements. When the LeChatelier speci- 
mens were subjected to the autoclave 
test, however, the resulting expansions 
were roughly proportional to the auto- 
clave expansions of the corresponding 
neat-cement bars. 

6. Tests of a group of 7 clinkers, each 
ground to two different finenesses showed 
an appreciable reduction in autoclave 
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expansion for the more ground 


cement; the greatest reductions were 
obtained with the clinkers showing the 
highest autoclave expansions. 


Respectfully submitted on behalf of 
the Working Committee, eel 
att. 


H. F. GONNERMAN, 
C chairman, 
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adoption as standard the analytical 
procedures for determining sodium oxide, 
potassium oxide, water-soluble alkali, 
phosphorus pentoxide, and manganic 
oxide in cement as described in Sections 
1 to 9, inclusive, of the Tentative 
Methods of Chemical Analysis of Port- 
land Cement (C 114-39T).! Many 
analysts have obtained very satisfactory 
results with the use of these procedures 
and the Working Committee has received 
no criticism of them. Only two minor 
changes in the procedure are recom- 
mended as follows: 

Section 2 (b).—Add a parenthetical 
reference to “Note” between the fifth 
and sixth sentences and include the 

following note: 


__ Nore.—If it is desired to speed up the work 
without allowing the residue to settle so as to 
give a clear solution to decant easily, filter at 
once the solution leaving as much of the residue 
in the dish as possible, discharge the filtrate held 
in the stem of the funnel by tapping the funnel 
or lifting the filter paper a little out of the fun- 
_ nel, and wash the residue on the filter paper 
back into the dish. 


=" 


_ Section 5.—Change the first eight 
sentences from their present form to 
read as follows: 


5. Weigh 1 to 3 g. of the sample (Note 1) 
and 10 g. of NH,NO; into a 150-ml. beaker. 
Mix the contents, treat with 10 ml. of HNO; 
(sp. gr. 1.42), and stir quickly, using the flat- 
tened end of a glass rod to crush lumps of 
cement, until the cement is completely decom- 
posed and the thick gel of SiO, is broken up. 


1939 Book of A.S.T.M. Standards, Part II, p. 883. 


‘ist 
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Cover the beaker with a watch glass, place 
it on a water bath or a hot plate at the approxi- 
mately same temperature for 15 to 20 min., 
and stir the contents occasionally during the 
heating. Add 20 ml. of hot water to the beaker 
and stir the contents. If the cement contains 
an appreciable amount of manganese as shown 
by the presence of a red or brown residue, adda 
few milliliters of NaNO: solution (5 per cent) 
to dissolve this residue. Boil the contents of 
the beaker until all nitrous fumes are completely 
expelled. This should not take more than 5 
min., and water should be added to replace any 
lost by evaporation. Filter into a 500-ml. 
Erlenmeyer flask under suction and with a 
platinum cone to support the filter and wash 
the residue of SiO, until the volume of filtrate 
and washings is about 150 ml. 


It is also recommended that with the 
adoption of the above mentioned pro- 
cedures as standard there be included the 
following recommended order for report- 
ing the minor components in a chemical 
analysis of portland cement, this to be 
incorporated in Section 21 (a) of the 
Standard Methods C 114 — 39 between 
the recommended order for reporting 
major components and the separate 
determinations: 


Minor Components: 


Sodium oxide 

Potassium oxide 
ae Phosphorus pentoxide 
ce Manganic oxide 


The procedures for determining free 
calcium oxide in portland cement and 
clinker described in Sections 10 to 13 of 
Tentative Methods C 114-39T' are 
being continued as tentative pending 
their further consideration by the com- 
mittee. 


2 1939 Book of A.S.T.M. Standards, Part II, p. 8. 


T 
| mer 
| min 
and 

Ten 
A 
is St 
The Working Committee on Methods sci 
of Chemical Analysis recommends for oxic 
lanc 
| I 
Pho 
| bee! 
to t 
| quic 
pho 
W. 
Col 
Scie 
Uni 
Socie 
C114 
AS. 
“Coc 
Silicc 
Port! 
103, 


The Working Committee also recom- 
mends new tentative methods for deter- 
mining silicon dioxide, calcium oxide, 
and magnesium oxide*-‘ for inclusion in 
Tentative Methods C 114 - 39 T. 

Appended to this report the committee 
is submitting for publication as informa- 
tion proposed methods for determining 
acid-soluble sodium oxide and potassium 
oxide and water-soluble alkali in port- 
land cement. 

Investigation of Quick Methods for 
Phosphorus Pentoxide.—Reference has 
been made in previous reports in regard 
to the continuation of the studies of the 
quick volumetric determination of phos- 
phorus pentoxide. Last year both Prof. 
W. A. Van Winkle of Kansas State 
College of Agriculture and Applied 
Science, and Mr. O. A. Ellingson of 
Universal Atlas Cement Co. developed 


These methods were accepted as tentative by the 
Society and have been incorporated in Tentative Methods 
C114 which appear in the _—, ewe to Book of 
A.S.T.M. Standards, Part II, p 

‘ For a report on the invest gation of ie new meth- 
ods, see W. C. Hanna, L. N. Bryant, and T. A. Hicks, 
“Cooperative Study of Quick Methods a Determining 
Silicon Dioxide, Calcium Oxide, and Magnesium Oxide in 
Portland Cement,” published in ASTM BuLtetin, No. 
103, March, 1940, p. 29. 
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new modifications of their methods. - 
Ten laboratories have just completed a 
cooperative series of tests of the methods 
and the results will be reported to Com- 
mittee C-1 at the June meeting. 

Vinsol Resin and Tallow.—Under the 
leadership of Mr. T. A. Hicks, General 
Chemist of the Universal Atlas Cement 
Co., a member of the Working Com- ~ 
mittee, a few laboratories carried on — 
some preliminary work with a method 
for determining vinsol resin and tallow 
in cement. The results were not quite 
satisfactory. Another method wasthen | 
tried but it did not prove to be any 
better than the first method. The work — 
was continued on a third method by the 
same group of laboratories and the re-— 


C-1 at this annual meeting. 


Respectfully submitted on behalf of a 
the Working Committee, 1 


W. C. Hanna, 
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AciD-SOLUBLE SopIuM OXIDE AND 
» Potassium OXIDE’ 

£4 

|, Procedure 


a 1. (a) Place 5 g. of the sample in a 
casserole and add enough water to make 

a thin grout. Add enough HCl to 
decompose the cement completely and 
ot evaporate the solution to dryness on a 
water bath. Add about 150 ml. of 
water to the residue, digest it on the 
water bath or a hot plate for 30 min., 
and then heat it to boiling. Add a few 
drops of phenolphthalein indicator to the 
solution and treat it with CaO or 
Ca(OH), until the solution is strongly 
alkaline. Boil the mixture for a few 
minutes, allow the residue to settle, and 
decant the clear solution through a filter 
paper into a large beaker. Add 30 ml. 

of water to the casserole, bring the 
mixture to a boil, allow the residue to 


1 These proposed methods are under the jurisdiction 
of the A.S.T.M. Committee C-1 on Cement. 

2 These proposed methods, while in use, have not been 
formally adopted. When formally approved, they will 
be incorporated in the Tentative Methods of Chemical 
Analysis of Portland Cement (C 114 - 40 T), 1940 Supple- 
ment to Book of A.S.T.M. Standards, Part II, p. 171. 

+ This method is applicable also to the determination 
of total sodium oxide and potassium oxide if the insoluble 
residue in cement is small and does not contain an appre- 
ciable amount of Na2O and K20. 

The decomposition of cement by treating the sample 
with HCI and later with CaO, instead of igniting the 
cement with NH,Cl and CaCOs as in the method for 
cueing total NazO and K2O described in Sections 
1 and 2 of the Tentative Methods of Chemical Analysis of 
Portland Cement (A.S.T.M. Designation: C 114),4 was 
suggested by a method received from F. H. Jackson Senior 
Engineer of Tests, Public Roads Administration. 


APPENDIX 


% PROPOSED METHOD OF CHEMICAL ANALYSIS OF PORTLAND 
CEMENT? 


ACID-SOLUBLE SODIUM OXIDE AND POTASSIUM OXIDE, WATER-SOLUBLE 
ALKALI 


These are proposed methods and are published as information only. 
et heey Comments are solicited and should be addressed to the American 
“Ges eer Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


astoh tol war 


settle, and decant the clear filtrate 
through the same filter paper. Perform 
three more times this addition of water 
and decantation, keeping the mixture 
strongly alkaline all the time by adding 
more CaO or Ca(OH)s, if necessary. 
Finally, wash the residue into the filter 
paper, rinse the casserole, and wash the 
residue once with hot water. 

(6) Follow the procedure as described 
in Section 21 (c) to (f) of the Standard 
Methods of Chemical Analysis of Port- 
land Cement (A.S.T.M. Designation: 
C 114) of the American Society for Test- 
ing Materials.* 


WATER-SOLUBLE ALKALI® 
Reagents 


2. Standard Hydrochloric Acid (0.5 N). 
—Prepare a 0.5 N HCl solution and 
standardize it against an acidimetric 
standard furnished by the National 
Bureau of Standards (No. 39, benzoic 
acid; or No. 84, acid potassium phthal- 


41940 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 8. 

5 This procedure is based on the test for free alkali 
which appeared in the specifications prepared by the late 
Thaddeus Merriman, Consulting =o for the Board 
of Water Supply of the City of New York. The specifica- 
tions were published in Rock Products, Vol. 41, No. 1, 
p. 86, January, 1938. An improved procedure was given 
in a private communication by N. T. Stadtfeld, Assistant 
Engineer of the Board of Water Supply. The improve- 
ment was the result of supgeetiens made by Nathan 
Goodman, Senior Chemist of the Board of Water Supply, 
and O. A. Ellingson, Chief Chemist of Universal Atla: 


Cement Co., Duluth, Minn. 
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PROPOSED METHOD OF CHEMICAL / 


ate) through a solution of NaOH accord- 
ing to the directions furnished with the 
standard. If the solution is exactly 0.5 V 
HCl, each 1 ml. of it is equivalent to 
0.01550 g. of Na,O, and, when used 
according to the procedure described 
below, is equivalent ti to 0.00969 per cent 


Na,0. 


Procedure 


3. (a) Place 800 g. of the sample 
(Note 1) in an enameled saucepan and 
add 500 ml. of distilled water. Stir the 
slurry every 15 min. for 2 hr. and then 
filter it through a large folded filter 
paper. Measure 100 ml. (Note 2) of 
the filtrate into a beaker. Add to the 
solution 30 ml. of Ba(OH)2 (saturated 
solution at room temperature) or more 
if necessary to precipitate all the sulfate 
ions that may be present. Heat the 
solution for 15 min. or longer (Note 3), 
filter, and wash the residue five times 
with hot water. Add one or two drops 
of phenolphthalein indicator (1 per cent 
in ethanol) to the filtrate and pass CO, 
(Note 4) through it until the pink color 
disappears. Without filtering, heat the 
solution until the pink color reappears 
(Note 5). Filter the solution and wash 
the residue five times with hot water. 
Evaporate the filtrate and washings to 
about 50 ml., filter the solution, and 
wash the filter paper and residue, if 
any, with water. Titrate the filtrate and 
washings at room temperature with 
0.5 V HCl in the presence of a few drops 
of methyl orange indicator, which is 
most conveniently added after the disap- 
pearance of the pink color of phenol- 
phthalein. Calculate as Na,O (Note 6) 
the percentage of water-soluble alkali 
in the sample by multiplying the number 
of milliliters of the standard acid re- 
quired for the neutralization by 0.00969. 


Nore 1.—The procedure is based on the 
assumptions that alkali in cement dissolves in 
water only as NaOH, KOH, Na2SQ,, and K,SO, 
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and that no other compounds are present which 
cannot be removed under the prescribed condi- 
tions. Ba(OH)2 is used to convert sulfates to 
hydroxides, and excess Ba(OH)2 is removed 
along with Ca(OH), by the treatment with 
CO,. Finally, the alkali, as carbonates and bi- 
carbonates, is titrated with standard acid. The 
procedure is applicable to most samples of port- 
land cement, but not to cement that contains 
soluble admixtures such as chlorides and 
nitrates. 

Nore 2.—If the slurry is so slimy that 100 
ml. of filtrate cannot be obtained, all that can 
be obtained may be used. The volume of the 
filtrate may be increased by gently tapping the 
funnel, containing the cement on the folded 
filter paper, with the palm of the hand, and 
also by letting the cement settle in the saucepan 
for about 5 min. before proceeding with the 
filtration. When the content of water-soluble 
alkali is large and greater speed is desired for 
routine testing, a volume of the filtrate smaller 
than 100 ml. may be taken for the determina- 
tion. When the volume is less than 100 ml., 
use a correspondingly smaller amount of 
Ba(OH): solution (sufficient to precipitate all 
the sulfate ions that may be present), and 
multiply the volume of standard acid required 
for neutralization by 100 and divide it by the 
volume of the original filtrate prior to the calcu- 
lation of the percentage of Na,O. 

Note 3.—The solution may be allowed to 
stand 1 hr. or longer, and filtered without heat- 
ing, but heating is desirable as it makes the 
filtration and washing more rapid. It is ad- 
visable to boil the solution if it can be done 
without bumping. It may be filtered imme- 
diately after boiling for 1 or 2 min. If desired, 
the solution may be heated to boiling before the 
addition of the Ba(OH), solution which may be 
added either cold or hot. 

Note 4.—Carbon dioxide may be obtained 
from a tank of liquid CO: or a flask containing 
pure lump CaCO; on which HCl (1:1) is 
dropped. The gas should be passed through 
a gas washing bottle which contains a satu- — 
rated solution of Ca(HCOs)e. The solution 
may be prepared by putting a saturated solu- 
tion of Ca(OH), in the bottle. Most of the 
calcium will be precipitated as CaCO; but a 
little of it will be redissolved. The excess 
CaCO; should be allowed to stay in the bottle. 
The solution may be replaced by a saturated 
solution of NaHCO; if the bottle is so designed 
that there is no danger of any of the solution 
being carried over. 

Norte 5.—The reappearance of the pink color 
may be hastened by boiling the solution, if 
bumping can be avoided. If the filtration is 
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ta made before the pink color reappears or just 


= oR when it begins to show, an appreciable amount 
of CaCO; may be precipitated when the clear 

; 1 filtrate is heated. If the solution is boiled a 
few minutes after the reappearance of the pink 
hx color prior to filtration, the calcium is com- 


ea) pletely precipitated, except probably a slight 
amount that may show up when the filtrate is 
evaporated down to about 50 ml. 


as Nore 6.—Both Na,O and K,0 are generally 

ad present in any sample of cement, but it is 

usually considered satisfactory to assume all 
alkali to be Na,O. 

(8) If it is required that water-soluble 

alkali be reported as water-soluble 

NaO and water-soluble K,O, use the 

neutralized solution (Note 7) obtained 

from the titration and follow the proce- 

dure as described in Section 21 of the 

Standard Methods of Chemical Analy- 

sis of Portland Cement (A.S.T.M. 

Designation: C 114) of the American 

_ Society for Testing Materials‘, starting 

with Paragraph (e) and following all 

details except that the washing of the 

precipitate of KePtCle by decantation 

with the Gladding wash is omitted and 

the precipitate is transferred to the 

crucible with the ethanol instead of the 


_ Gladding wash (Note 8). 


Note 7.—The neutralized solution theo. 
retically represents the water-soluble alkali jn 
160 g. of cement when 100 ml. of the original 
filtrate is used. The error due to the combina- 
tion of water with cement in the slurry or the 
possible adsorption of alkali by the cement 
particles is not appreciable in most cases. If 
desired, a measured portion of the neutralized 
solution may be taken in order to avoid the use 
of a large amount of chloroplatinic acid. 

Norte 8.—The Gladding wash is used to re- 
move any Na,SO, that may contaminate the 
precipitate of K,PtCls, but in this method 
sodium and potassium are present as chlorides 
instead of sulfates. 


(c) Calculate the percentages of 
Na,O and K;O in the sample as fol- 
lows: 


Wt. of K2SO, = wt. of KoPtCle X 0.3584 
Wt. of Na,SO, = 
wt. of (Na2SO, + K2SO,) — wt. of K,SO, 
Na,O, per cent = 


Bur wt. of Na,SO, X 0.4364 
= wt. of sample 


x 100 


K,0, per cent = 


wt. of K,PtCle X 0.1937 
wt. of sample 
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Committee C-4 on Clay Pipe held 
one meeting during the year: in Chicago, 
Ill., on April 9, 1940. 

Subsequent to the 1938 annual meet- 
ing the committee presented to the 
Society, through Committee E-10 on 
Standards, a proposed tentative re- 
vision of the Standard Specifications 
for Clay Sewer Pipe (C 13 - 35), which 
provides for the adoption of a higher 
minimum crushing strength for clay 
pipe. This revision was accepted! for 
publication as tentative on August 25, 
1938, and appears in the 1939 Book of 
A.S.T.M. Standards? 

Since this revision has been published 
as tentative for over a year, the commit- 
tee now recommends that it be approved 
for reference to letter ballot of the So- 
ciety for adoption and incorporation 
in the present standard.* 

The committee recommends that the 
Tentative Definitions of Terms Relating 
to Clay Sewer Pipe (C8-35T)* be 
withdrawn by the Society, since the 
committee is of the opinion that the 
present tentative definitions serve no 
particularly useful purpose so far as the 
industry is concerned. 


‘In submitting this recommendation to Committee 
E-10 on Standards, Committee C-4 reported results of the 
letter ballot vote as follows: Of a total membership of 
20, 18 members returned their ballots, of whom 15 voted 
afirmatively, 2 negatively, and 1 member marked his 

t votin 
2 1939 Book OFA. S.T.M. Standards, Part II, p. 1181. 
Ibid., p. 236. 4 1bid., p. 983. 


PIPE 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 


of 23 members, with the results shown 
in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT 
VOTE. 
Afirma-| Nega- {Marked 
rma-| Nega- |Mar 
Items tive tive “Not a 


Voting” 


I. Apoption AS STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 


Spec. for Clay Sewer Pipe 


II. or TENTA- 
TIVE STANDARD 
Definitions of Terms Relating) 
to Clay Sewer Pipe 
(c8- 


e The classified vote on n the adoption of the tentative 
revision of the Standard Specifications for Clay Sewer 
Pipe (C 13 - 35) was as follows: Affirmative, 8 producers, 
5 consumers, 5 general interests; negative, 2 producers, — 
1 consumer. 

The present officers of the committee __ 
were re-elected for the ensuing term of 


two years. 


This report has been submitted to a 
letter ballot of the committee which — 


turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of — 
the committee, 
ANSON MARSTON, 


Chairman. 
R. G. Scott, 
Secretary. 


p. 344. 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee C-4 presented to the Society 
through Committee E-10 on Standards a tentative revision of the Standard _— 
Specifications for Clay Sewer Pipe (C 13 - 40). 
by Committee E-10 for publication as tentative on August 28, 1940, and eo 
appears in the 1940 Supplement to Book of A.S.T.M. Standards, Part i, 


This revision was accepted 
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REPORT OF COMMITTEE C-5 to r 

ON 6. 
FIRE TESTS OF MATERIALS AND CONSTRUCTION know 
ness, 
+ _: Meetings of Committee C-5 on Fire complete assembly, it soon became ap- eS 
Tests of Materials and Construction parent that the efforts of the sub- exact 
were held on March 28, 1940, in New committee should be directed at first of th 


York City, and on June 26, 1940, in 
Atlantic City. 


I. NEw TENTATIVE STANDARD 


wee After several years consideration, in- 
_terrupted by the death of Prof. A. H. 
Beyer of Columbia University, former 
chairman of Subcommittee III, Meth- 
ods of Fire Tests of Door Assemblies 
_ have been prepared and are presented 


The need for such methods has been 
felt for some years, having been first 
expressed at the June, 1930, meeting 
— it was voted to appoint a Sub- 


| Sit fixing definite fire-resistance re- 
_ quirements for doors in multifamily 


/ The scope of the work of Subcom- 
__- mittee III is broad, covering not only 


oa protection against the spread of fire and 
other hazards. Because of widely vary- 
* a ing requirements that opening pro- 
tectives are required to meet, the physi- 
cal nature of the different materials 
(steel, wood, glass, etc.) entering into 
the construction of protectives, and the 
more or less complicated make-up of the 


1 These methods were accepted as tentative by the 
Sosiety ead ap ope © in the 1940 Supplement to Book of 


to a limited phase of the subject under 
consideration. It was therefore de- 
cided that the subcommittee devote 
its attention fer the time being to the 
preparation of methods of fire tests of 
doors. It then developed that, while 
reasonable unanimity regarding fire en- 
durance and heat transmission qualities 
was attainable, the questions involved (a 
in the matters of smoke generation and | 
of the creation and spread of dangerous 
fumes presented problems for the solu- 
tion of which more time and study are 
necessary. It is the opinion of Com- 
mittee C-5, as represented at the March 
meeting, that on the recommendation 
of Subcommittee III on Fire Tests of 
Wall Opening Protectives (A. L. Brown, 
chairman) the proposed test method! 
should be submitted at this time for (6) 
publication as tentative, subject to 
later amendments with respect to fumes 


and smoke. Fic. 
Il. REVISION OF TENTATIVE STANDARD ‘ (6) 
mo 

On the recommendation of Subcom- ness, 


mittee VI on Fire Tests of Scaffolding be cu 
(W. B. White, chairman), the Tentative 
Specifications for Fire-Retardant Proper- (c) 
ties of Wood for Scaffolding and Shoring and ¢ 
(C 132-37 T)? are being revised as be cu 


follows and continued as tentative: Se 
Section 6.—Change from its present to re 
form: namely, the j 


Part II, p. 194. 21939 Book of A.S.T.M. Standards, Part II, p. 951. 


Opening Protectives. Recent legisla- 
ence Dulldings, lurtner elmpnhasizec 
this need. 


| 
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6. Specimens for the timber test shall be $ in. 
in thickness, 14 in. in width, and 10 in. in 
length. Each specimen shall be taken from the 
edge of, and not nearer than 2 ft. from, the end 
of each sample selected for test, and shall be 
carefully cut from the narrow face of the sample. 


to read as follows; 

6. (a) Specimens for the test, commonly 
known as the timber test, shall be ? in. in thick- 
ness, 10 in. in length, and of a width equal to 
the least dimension of the sample except as 


- hereinafter specified. Specimens shall be cut to such as planks, joists, posts, etc. The 
D- exact dimensions 2 ft. or more from either end specifications do not contemplate a _ 
st of the sample selected as shown in Fig. 1(a). 7 on 
te 4’and 
nd 0 es pecimens A 
/ 
/ Fire Fire 
lu- / Test 
m- Over 4 | | 
rch 
od! @ 
(b) 
for of mo Note: Specimens prepared as shown 
to Fig. 1(b) to have uncut edges 
contact over center /ine of 
Fic. 1.—Method of Cutting Test Specimens. furnace when in position for 
testing. 
ARD (6) When the least dimension of the sample . Tee 
is more than 4 in., test specimens 3 in. in thick- F's. 2.—Arrangement of Test Specimens and Tv 
om- [§ ness, 4 in. in width, and 10 in. in length shall Fire Brick Over Test Furnace. 
ling be cut from each sample to provide two test . c 
‘toe specimens with one uncut j-in. edge as shown complete impregnation of these mate- 
we n rials, but merely enough to guard against 
pel- en samples are selected irom tongue 
ring and grooved material the test specimens shall the hasards of hot. rivets, lighted cig 


1 as be cut from the grooved edge. 


Section 9—Change the first sentence 
sent to read as follows by the addition of 
the italicized words: 


951. = 


q 


Two weighed test specimens shall be placed _ 
side by side across the top of a 6-in. gas crucible __ 
furnace with the uncut faces down and their 
narrow uncut edges together as shown in Fig. 3 
(the accompanying Fig. 2). 


Experience in the application of the 
present tentative specifications has made 
this proposed revision desirable. Scaf- 
folding and shoring materials are of 
varying dimensions depending on the 
purposes for which they are to be used, 


arettes, etc. When the thinnest dimen- 
sion of such material is more than 
1} in., test specimens cut to meet the 
present specifications, placed over the 
6-in. crucible furnace, must of necessity 


doe 
| 


expose at least two sides that have not 
been impregnated to the same extent 
as the outer exposed faces of the mate- 
rial. When placed over the crucible, at 
least one untreated side is directly ex- 
posed to the heat, making the results 
not comparable to those of specimens 
taken from the edges of thinner material. 
By permitting the specimens to be 
4 in. wide the untreated edges would be 
just beyond the opening of the furnace, 
and only treated surfaces would be 
exposed to the direct heat of the furnace. 
Obviously greater uniformity in testing 
and in results would be obtained. 
Partially impregnated fire-retardant 
wood is, relatively speaking, a new 
product. For interior trim of buildings 
complete impregnation or saturation 
treatments are essential since such wood 
must be worked up into various shapes 
and sizes. For structural timber used 
for scaffolding no such requirement 
exists and a more limited impregnation 
gives ample fire retardance and also 
eliminates the possibility of reducing 
the strength of the wood. In the case 
of interior trim there is no requirement 
for strength, which in the case of 
scaffolding and shoring is all important. 
Cost is another factor that cannot be 
- overlooked and saturation treatments 
are expensive since they require a 
much longer treating cycle and also 
more chemicals. 


“i. TENTATIVE REVISION OF STANDARD 


The Standard Specifications for Fire 
Tests of Building Construction and 
Materials (C 19-33; ASA A2-1934)? 
have served since 1933 with usefulness 
and satisfaction. Recently attention 
has been called to certain provisions in 
the application of which there has been 
a lack of uniformity. At a meeting of 
Subcommittee I (G. N. Thompson, 


#1939 Book of A.S.T.M. Standards, Part II, p. 152. 


chairman) it was agreed to recommend 
changes in the specifications that would 
help to minimize inconsistencies in test- 
ing procedure. Numerous other changes, 
chiefly of an editorial nature, were also 
recommended and it was decided to give 
further attention to several questions 
that have been raised. Among these 
are the effects of hose stream applica- 
tions on structural members, and meth- 
ods of determining transmitted temper- 
atures. 

These amendments will have the 
effect of simplifying the testing pro- 
cedures, specifying them more definitely, 
and of giving a greater latitude in the 
size of test constructions. Their adop- 
tion will not invalidate results obtained 
in accordance with the present specifica- 
tions, the main provisions of which 
have been found by experience to be 
well considered and well adapted for 
the ends in view. 

While some modifications are pro- 
posed in the hose stream test require- 
ments, a fuller study of the significance 
of this test as a criterion of the perform- 
ance of building constructions during 
fires and extinguishing operations is to 
be made. 

As a result of the discussion at the 
subcommittee meeting and further con- 
sideration by Committee C-5 at its 
March meeting, on the recommendation 
of Subcommittee I the following re- 
visions of Standard Specifications C 19 
are presented for publication as tenta- 
tive: 

Title and Introduction Change the 
title of Specifications C 19 by substi- 
tuting the words “Methods of’ for 
“Specifications for,” making the title 
read “Standard Methods of Fire Tests 
of Building Construction and Mate- 
rials’; also in the second and _ third 
paragraphs of the Introduction change 
“specifications” to read “methods.” 

It has been found that in certain con- 
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structions the increase in transmitted 
heat after the furnace has been shut off 
has been sufficient to cause the ignition 
of combustible material. It is accord- 
ingly recommended that the last para- 
graph of the introductory text be 
changed to read as follows by the addi- 
tion of the italicized words: 


Classifications of assemblies involving com- 
bustibles in such kind or quantity or so con- 
tained as to burn freely during the exposure to 
the test fire, or continue flaming or ignite after 
the furnace fire is shut off, shall be designated 
by the term “combustible” after the period 
assigned. 


Section 3.—Experience has shown 
that for the types of construction to 
which these specifications apply at least 
five thermocouples are required for 
satisfactory results. Base metal ther- 
mocouples now generally used for furnace 
temperature measurements, have been 
found to function properly in black iron 
pipe. It has recently developed that 
no uniformity of practice exists at 
present with respect to the location 
of the thermocouples in the furnace. 
It is recommended that Paragraph (a) 
be changed to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 


3. (a2) The temperature fixed by the curve 
shall be deemed to be the average temperature 
obtained from the readings of [several thermo- 
couples} not less than [three] five thermocouples 
symmetrically disposed and distributed to show 
the temperature near all parts of the sample, 
the thermocouples being enclosed in sealed 
porcelain tubes 2 in. in outside diameter and 
¢ in. in wall thickness, or as an alternative in 
the case of base metal thermocouples, enclosed 
in sealed standard weight }-in. black wrought 
steel or black wrought iron pipe. The exposed 
length of the [porcelain] pyrometer tube and 
couple in the furnace chamber shall be not less 
than 12 in. Other types of protecting tubes or 
pyrometers may be used that under test condi- 
tions give the same indications as the above 
Standard within the limit of accuracy that 
applies for furnace-temperature measurements. 
[For greater difference of design and size, the 
time- temperature curve followed shall be modi- 
fied to give an exposure equal to that obtained 


by using the standard pyrometer and curve 
above described.] For floors and columns, the 
junction of the thermocouples shall be placed 12 in. 
away from the exposed face of the sample at the 
beginning of the test, and during the test, shall not 
touch the sample as a result of its deflection. In 
the case of walls and partitions, the thermocouples 
shall be placed 6 in. away from the exposed face 
of the sample at the beginning of the test, and 


shall not touch the sample during the test, in the — 


event of deflection. 


Since the abandonment of wood as 
fuel with a resultant better control of 
temperatures, a lower permissible varia- 
tion is not only possible but also highly 
desirable, and it is therefore recom- | 
mended that Paragraph (c) be changed 3 
to read as follows by the addition of the 
italicized figures and the omission of _ 
those in brackets: 

(c) The accuracy of the furnace control shall 
be such that the area under the time-tempera- 
ture curve, obtained by averaging the results | 
from the pyrometer readings, is within [15] 10 
per cent of the corresponding area under the 
standard time-temperature curve shown in Fig. 1 
for fire tests of 1 hr. or less duration, within 
[10] 7.5 per cent for those over 1 hr. and = 
more than 2 hr., and within 5 per cent for tests 
exceeding 2 hr. in duration. 

Section 4 (a).—Since the more general 
terms “protecting” and “insulating” 
seem preferable to the specific designa- 
tion of the materials, it is recommended 
that the fifth sentence be changed to 
read as follows by the addition of the 
italicized words and the omission of those 
in brackets: 

The outside diameter of protecting or insu- 
lating tubes [of glass, clay, or porcelain,] and of 
thermometer stems shall be not more than 
in. 

Section 7.—It happens occasionally 
that a construction, of which the fire- 
resistance rating is desired, does not, as 
actually installed, have as large dimen- 
sions as the minimum dimensions pre- 
scribed herein for the samples. It is 
believed that in such a case the possible 
risk of failure on a larger sample than 
actually used in practice should not be 
inflicted. It is accordingly recom- 
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"mended that the present Section 7 be 
_ designated as Paragraph (a) and that a 


new Paragraph (6) be added to read as 
follows: 


(b) The size and dimensions of the test 


_ samples specified herein are intended to apply 


for rating constructions of dimensions within 
the usual general range employed in buildings. 
If the conditions of use limit the construction 
to smaller dimensions, a proportionate reduc- 


_ tion may be made in the dimensions of the 


samples for a test qualifying them for such 
restricted use. 


Section 9 (b).—In order to make clear 


_ that the hose stream test is not required 
on constructions having ratings over 


+ hr. but not of 1 hr., it is recommended 
that this paragraph be changed to read 


as follows by the addition of the itali- 


cized words and the omission of those in 
brackets: 


(6) Exemption.—The hose stream test shall 
not be required in the case of constructions 
having a resistance period, indicated in the fire 
endurance test, of [30 min. or] less than I hr. 


Table I.—Except for the third figure, 
45, in the column headed “Water Pres- 
sure” the two parts of the present table 
are alike so far as water pressure and 
duration of application are concerned. 
It was agreed that this single figure 
could be changed from 45 to 30 without 
impairment of the test requirements. 
The words “‘if desired” are being added 
after the last item as the hose stream 
test in that case is optional. It is 
accordingly recommended that Table I 
be changed from its present form to 
read as follows: 

TABLEI 


Duration of 
Application, 
min. per 100 
sq. ft. exposed 
area 


Water Pressure 
at Base of 
Nozzle, psi. 


Resistance Period 


4 hr. and over if less 
8 hr 


n 4 br 
1 hr. and over if less 
Less than 1 hr. (if de- 
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Sections 13 and 15.—Since in most 
cases fire-stopping is not needed, and 
in those cases where it is needed it must 
be made a part of the test sample (see 
Section 7), it is recommended that 
Paragraphs (c) in these two sections 
which read as follows be omitted and 
that the present Paragraphs (d) be 
designated Paragraphs (c): 


(c) The fire-stopping, if any, shall have func- 
tioned to prevent passage of fire for a period 
equal to that for which classification is desired. 


Under the center heading reading 
“Tests of Floors and Roofs” following 
Section 18, change the parenthetical 
statement to read as follows by the omis- 
sion of the words in brackets, as this 
part seems to be unnecessary: 


The following contemplates application of 
fire exposure to the under side of constructions 
[and omission from the upper surface of all 
units which are not essential to the construc- 
tions. Specifications and test procedure with 
fire applied to the upper side have not been 
developed]. 


The changes being recommended in 
the following sections are for the purpose 
of making the sections more truly ex- 
pressive and removing any doubt as 
to their application. 

Change the center heading immedi- 
ately preceding Section 22 to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


Tests of [Finish] Protection for Combustible 
Framing, or for Combustible Facings on the Un- 
exposed Side of Walls, Partitions, and [Ceilings] 
Floors. 


Sections 22 and 23-—Change to read 
as follows by the addition of the itali- 
cized words and the omission of those in 
brackets: 


22. The test panel shall be a wall, partition, 
or floor. 

(a) Test panels [carrying] having interior 
wall and partition [finish] protection shall be 
finished on both faces with the [finish] protection 
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which is the subject of the test, [except that with 
the advice or consent of the testing body this 
provision may be waived with respect to panels 
of solid construction] or with an interior wall fin- 
ish on the unexposed side judged by the testing au- 
thority to be suitable for the purposes of the test. 

(b) Test panels [carrying] having exterior wall 
[finish] protection on the exposed face shall be 
fnished on the unexposed face with an interior 
wall finish judged by the testing body to be 
suitable for purposes of the test [except that 
with the advice or consent of the testing body 
this provision may be waived with respect to 
panels of solid construction]. 

(c) Test panels [carrying] having a protective 
ceiling [finish] or slab shall be finished on the 
upper face with a flooring judged by the testing 
body to be suitable for purposes of the test 
fexcept that with the advice or consent of the 
testing body this provision may be waived with 
respect to panels of solid construction]. 

23. The area exposed to fire shall be, for 
tests of wall and partition [finish] protection, not 
less than 100 sq. ft. with neither dimension 
less than 9 ft.; for tests of [ceiling finish] floor 
protection, not less than 180 sq. ft. with neither 
dimension less than 12 ft. 


Section 24—Change Paragraph (a) 
to read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


(a) The [finish] protection shall have with- 
stood the fire endurance test, without [passage 
of flame or of gases hot enough to ignite] ignition 
of the materials protected, for a period equal to 
that for which classification is desired. 


Omit Paragraph (b) which reads as 
follows: 


(b) The finish shall have withstood the fire 
and hose stream test as preseribed respectively 
for floors, walls, and partitions as specified in 
Section 9, without passage of flame, of gases hot 


enough to ignite the materials protected, or of 
the hose stream. 


Reletter Paragraph (c) as (6) and 
change to read as follows by the addi- 
tion of the italicijed words and the 
omission of those ir: brackets: 


(0) Transmission of heat through the [finish] 
protection during the fire.endurance test shall 


ths 

not have been such as to raise the temperatures 
at its contact with the protected structural mem- 
bers or facings of the test panel [or elsewhere 
on its unexposed surface] more than 250F. 
(139 C.) above the initial temperatures at these 
points, except that for members closely embedded 
on three sides in masonry, concrete or other in- 
combustible materials the permissible temperature 
rise may be 325 F. (181 C.). 


TABLE II.—ANALYSIS OF LETTER BALLOT VOTE. _ 


Affirm-| Nega- 


Items ative | tive 


I New TENTATIVE STANDARD 
Fire Tests of Door Assemblies. 


II. Reviston oF TENTATIVE 
STANDARD 
Spec. for Fire-Retardant Prop- 
erties of Wood for Scaffold- 
ing and Shoring (C 132- 
37 T) 


Tentative REVISION OF 
STANDARD 
Spec. for Fire Tests of Build- 
ing Construction and Msa- | 
yy (C 19 - 33; ASA A2- 


The recommendations appearing 
this report have been submitted to letter 
ballot of the committee which consists 
of 30 members; 20 members returned 
their ballots, with the results shown in 
Table II. 

The present officers of the committee 
were re-elected for the ensuing term 
of two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 30 members; 26 members 
returned their ballots, of whom 25 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
MILLER, 
H. M. RoBInson, 


Secretary 
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REPORT OF C-7 


Committee C-7 on Lime has held but 
one meeting during the year: on June 28, 
1939, in Atlantic City, N. J. 

Three resignations have occurred, two 
of which have resulted in reducing the 
total membership of the committee to 
48, classified as 24 producers, 6 con- 
sumers, and 18 general interest members. 

Subsequent to the 1939 annual meet- 
ing, Committee C-7 presented to the 
Society through Committee E-10 on 
Standards a recommendation for the 
withdrawal of the Tentative Specifica- 
tions for Quicklime for Structural Pur- 
poses (C 5-34T), and for Hydrated Lime 
for Structural Purposes (C6-34T). This 
recommendation was made in view of the 
previous action of Committee C-7 in 
deleting the soundness test as described 
in Sections 4 and 5 of the Tentative 
Methods of Physical Test for Lime- 
stone, Quicklime, and Hydrated Lime 
(C 110-34 T), to which reference was 
made in the tentative structural lime 
specifications. The existence of ade- 
quate Standard Specifications for Quick- 
lime for Structural Purposes (C 5 — 26), 
and for Hydrated Lime for Structural 
Purposes (C 6 - 31) was a further reason 
for suggesting that the obsolete tentative 
standards be withdrawn. This recom- 
mendation was accepted! by Committee 
E-10 at its meeting on August 24, 1939. 


1In submitting this recommendation to Committee 
E-10 on Standards, Committee C-7 reported results of the 
letter ballot vote as follows: Of a total membership of 50 
36 members returned their ballots, of whom 32 oat 
affirmatively, 0 negatively, and 4 members marked their 
ballots “not voting.” 


LIME 


I. TENTATIVE REVISION OF STANDARD 


The committee approved the proposed 
revision of the Standard Specifications 
for Quicklime and Hydrated Lime for 
Silica Brick Manufacture (C 49 — 24) 
as submitted by Subcommittee VII 
on Specifications of Committee C-8 
on Refractories* and recommends that 
this revision, given below, be published 
as tentative: 

Section 1.—Change the note following 
this section from its present form to 
read as follows: 


Note.—In the manufacture of silica brick, 
silica in the form of massive quartzite or quartz 
conglomerate is ground until the particles are 
less than } in. in size. Lime either in the form 
of slaked lime or hydrated lime is then added 
in quantities varying from 1.5 to 3.0 per cent 
CaO and the shapes are molded and dried. 
They are then burned in down-draft or tunnel 
kilns until most of the quartzite has been 
converted into tridymite or cristobalite. 


Section 3.—In the table of chemical 
composition change the requirement for 
calcium oxide from “92.0 per cent” to 
read “90 per cent,” and increase the 
permissible magnesium oxide content 
from “3.0 per cent” to read “4.5 per 
cent.” 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 47 members; 30 mem- 
bers returned their ballots, of whom 18 
have voted affirmatively, 0 negatively, 


os A.S.T.M. Standards, Part II, p. 34. 
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and 12 members marked their ballots 
“not voting.” 


Il. TENTATIVE STANDARDS CONTINUED 
WITHOUT REVISION 


In the absence of specific considera- 
tion during the year, the committee 
recommends continuing without revi- 
sion the Tentative Methods of Physical 
Testing of Quicklime and Hydrated 
Lime (C 110 — 38 T), and the Tentative 
Specifications for Hydraulic Hydrated 
Lime for Structural Purposes (C 141 - 
38 T). 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, Nathan C. Rockwood. 


First Vice-Chairman, Walter C. e 
Voss. 

Second Vice-Chairman, William E. = 
Carson. 

Secretary, W. Vernon Brumbaugh, 


consists of 47 members; 43 member 
returned their ballots, of whom 41 hav 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


W. V. BRUMBAUGH, 
Acting 
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REFRACTORIES 


Committee C-8 on Refractories held 
two meetings during the year: one on 
September 7, 1939, at Conneaut Lake, 
Pa., in conjunction with the Refractories 
Division of the American Ceramic So- 
ciety, and the other on March 7, 1940, 
at Detroit, Mich., in conjunction with 
the spring group meetings of the 
A.S.T.M. 

The committee has been very active 
during the vear, and action has been 
taken on many standards. Consider- 
able work was done, particularly by the 
Editorial Subcommittee, in preparing 
the standards of the committee for 
printing in the new double column for- 
mat in the 1939 Book of A.S.T.M. Stand- 
ards. Changing from single- to double- 
column pages necessitated many editorial 
changes in both text and tables. In 
order to include as many standards 
on refractories as possible in the 1939 
Book of Standards, the committee sub- 
mitted the following recommendations, 
resulting from the September meeting, 
to the Society through Committee E-10 


on Standards: 


Tentative Methods of Test for Apparent 
Porosity, Water Absorption, Apparent Specific 
Gravity, and Bulk Density of Burned Re- 
fractory Products (C 20-39T), to replace 
immediately the Standard Method of Test 
for Porosity and Permanent Volume Changes 
in Refractory Materials (C 20 - 33), 

Tentative Definitions of Terms Relating to 
Refractories (C 71-39 T), including defini- 
tions of insulating fire brick, insulating block, 
calcining, and burning (firing), to replace the 
definitions of insulating brick, hard-, light-, 
and medium-burned refractory ware appear- 
ing in Tentative Definitions C 71 - 37 T, and 


ue 


batiem |! 
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Tentative revision of Standard Symbols for 
Heat Transmission (C 108 - 39), involving the 
addition of 5 symbols, proposed by the Ameri- 
can Standards Association, referring to specific 
heat per unit weight, density weight per unit 
volume, thermal diffusivity, Stefan-Boltz- 
mann constant, and total emissivity. 


These recommendations were ac- 
cepted! by Committee E-10 on Decem- 
ber 4, 1939, and the new tentative stand- 
ards and tentative revision appear in the 
1939 Book of A.S.T.M. Standards, 
Part II. 


I. NEw TENTATIVE STANDARDS 
Tentative Specifications for Refractories: 


The Standard Specifications for Fire- 
clay Brick for Malleable Furnaces with 
Removable Bungs and for Annealing 
Ovens (C 63 — 39), for Stationary Boiler 
Service (C 64-39), and for Refracto- 
ries for Construction of Incinerators 
(C 106 — 39) have not been changed ap- 
preciably for a number of years. As a 
result of presenting the new classifica- 
tion of fireclay brick as a tentative revi- 
sion of the Standard Definitions of Fire- 
clay and Alumina-Diaspore Refractories 
(C 27 — 39), discussed in detail later in 
this report, the committee decided to 
incorporate the new classification in the 
three specifications mentioned above. 
Accordingly, new tentative specifications 
have been prepared to replace the pres- 
ent Standard Specifications C 63, C 64, 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee C-8 reported the following 
results of the letter ballot vote of a total of 23 ballots 
returned from a committee membership of 33: C 20 - oy? : 
and C 71-39T, affirmative 23, negative 0; C 108 - 
affirmative 21, negative 0, ballots marked “‘not voting’ 
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and C 106. In so doing, the presenta- 
tion of the subject matter has been 
improved and Specifications C 64 have 
been separated into two specifications, 
one for heavy duty service and the other 
for moderate duty service. It is accord- 
ingly recommended that the following 
four specifications be accepted for pub- 
lication as tentative to replace imme- 
diately the corresponding standard speci- 
fications: 


Tentative Specifications for:? 


Refractories for Malleable Iron Furnaces 
with Removable Bungs, and for Annealing 
Ovens, to replace Standard Specifications 
C 63 - 39, 

Refractories for Heavy Duty Stationary 
Boiler Service, to replace in part Standard 
Specifications C 64 - 39, 

Refractories for Moderate Duty Stationary 
Boiler Service, to replace in part Standard 
Specifications C 64 - 39, and 

Refractories for Incinerators, to replace 
Standard Specifications C 106 - 39. 


Tentative Method of Test for Warpage of 
Refractory Brick and Tile:* 


The Tentative Methods of Test for 
Size, Warpage, and Bulk Specific Grav- 
ity of Refractory Brick (C 134 — 38 T) 
were revised last year to cover only a 
test for size and bulk density of refrac- 
tory brick (C 134-—39T), the method 
for measuring warpage to be the subject 
of a separate procedure. An improved 
method of determining warpage has now 
been developed and the committee ac- 
cordingly recommends that the Tenta- 
tive Method of Test for Warpage of Re- 
fractory Brick and Tile be accepted for 
publication as tentative.’ 


Tentative Classification of Insulating 
Block and Insulating Fire Brick: 


A classification of insulating block 
and insulating fire brick, based on 


* These specifications were accepted as tentative by the 
Society and appear in the 1940 Supplement to Book of 
ASTM. Standards, Part II, pp. 199, 202, 206, 208, respec- 
ively. 

* This method was accepted as tentative by the Societ 
and appears in the 1940 Supplement to Book of A.S.T.M. 
Standards, Part II, p. 218. 4 


Amy 


shrinkage as determined by heat treat-— 
ment at specified temperatures, and by 
bulk density, has been prepared. It is 
recommended that this classification be 
accepted for publication as tentative.‘ 


II. REVISION OF TENTATIVE STANDARD _ 


Tentative Definitions of Terms Relating to ; 
Refractories (C 71-39 T):5 j 


The need for acceptable definitions of 
the terms abrasion, corrosion, erosion, 
and slagging became particularly appar- 
ent in the preparation of industrial sur- 
veys which involved the use of these 
words. The following precise and prac- 
tical definitions are accordingly pre- 
sented with the recommendation that 
they be added to Tentative Definitions 
C71-39T: et 


Abrasion.—Wearing away of refractory sur- 
faces by the scouring action of moving solids. 
Corrosion.—Destruction of refractory sur- 
faces by the chemical action of external agencies. — 
Erosion.—Wearing away of refractory sur-— 

faces by the washing action of moving liquids, 
such as molten metals and slags. » 
Slagging.—Destructive chemical reaction be- 
tween refractories and external agencies at high 
temperatures, resulting in the formation of ea 
liquid. 
III. TENTATIVE REVISIONS OF at 
STANDARDS 
Standard Specifications for Ground Fire 
Clay (C 105 - 36):5 


The committee feels that certain 
changes are desirable in these specifica- 
tions. The screen-size requirements 
need to be made more rigid, the moderate 
heat duty type of fire clay is omitted 
from the new classification of fireclay 
brick and therefore should be deleted 
from these specifications, and there is 
need for a super duty class of clay for use 
with super duty fireclay brick. Also a 


method of sampling shipments of ground 
4 This classification was accepted as tentative by the 
Society and appears in the 1940 Supplement to Book of 


A.S.T.M. Standards, Part II, p. 221. 
§ 1939 Book of A.S.T.M. Standards, Part II, pp. 970, 159. 
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clay in bulk and containers is necessary 
if suitable laboratory samples are to be 
obtained for test purposes. Accord- 
ingly, the committee recommends that 
the following revisions of Standard Speci- 
fications C 105 be accepted for publica- 
tion as tentative: 

Section 4.—Change from its present 

form: namely, 

4. (a) Commercial Grade.—The commercial 
grade shall be of such a particle size that 90 per 
cent of the material passes a No. 20 A.S.T.M. 
sieve (equivalent to mesh No. 20 of the Tyler 
standard series). 

(b) Fine Grade.—The fine grade shall be of 
such a particle size that 90 per cent of the 
material passes a No. 30 A.S.T.M. sieve 
(equivalent to mesh No. 28 of the Tyler stand- 


ard series). ort 
Te, 


4. (a) Commercial Grade.—Not more than 5 
per cent shall be retained on a No. 20 A.S.T.M. 
‘sieve (equivalent to mesh No. 20 of the Tyler 
standard series), and not more than 0.5 per cent 
shall be retained on a No. 16 A.S.T.M. sieve 


to read as follows: 


_ (equivalent to mesh No. 14 of the Tyler standard 


“Moderate heat duty.. 


series). 


(b) Fine Grade.—Not more than 5 per cent 
shall be retained on a No. 30 A.S.T.M. sieve 
(equivalent to mesh No. 28 of the Tyler standard 
series), or more than 0.5 per cent on a No. 20 
A.S.T.M. sieve (equivalent to mesh No. 20 of 
the Tyler standard series). 


Section 5.—At the beginning of the 
table of pyrometric cone equivalent re- 
quirements add a new class of fire clay 
to read: “Super duty...not below 
No. 31.” 

Omit the requirement which read: 
.not below 
No. 20.” 

Sampling. —Add a method of sampling 
as Section 7 to read as follows: 


ak 7. Sampling: (a) Containers.—When shipped 
- in containers, a sample shall be taken as follows: 


If the shipment consists of 100 containers or 
fraction thereof, the contents of one container, 
selected at random, shall be dumped and quar- 
tered to provide a 5-lb. sample for the labora- 
tory. If the shipment consists of more than 


100 containers, the number of containers to be 
sampled shall be as follows: 
Number of 


Number of Containers 
in Shipment 


moat 
Over 100 but less than 300. 
300 but less than 
600 but less than 1000 


In these cases, the several 5-lb. samples 
resulting from quartering shall be combined and 
either quartered or riffled to provide a 5-lb. 
sample for the laboratory. 

(b) Bulk.—When shipped in bulk, the sample 
shall be so taken that it will represent an average 
of all parts of the shipment from top to bottom 
and shall not contain a disproportionate share 
of the top and bottom layers. For a 30-ton 
unit, no less than 10 samples of approximately 
25 lb. each shall be taken for different parts of 
the car or truck by digging holes spaced at equal 
intervals. If the shipment is more than 30 tons, 
a sample proportionately larger shall be taken. 
The combined samples shall be thoroughly 
mixed and quartered or riffled to provide a 
5-lb. sample for the laboratory. 

It shall be permissible to obtain the sample 
during unloading by taking a small scoopful 
of clay at regular intervals. One scoopful of 
clay, weighing approximately 1} lb., shall be 
taken for each ton of material. In no case, 
however, shall the collected sample weigh less 
than 50 lb. The collected sample shall be well 
mixed and quartered or riffled to provide a 5-lb. 
sample for the laboratory. 


Standard Methods of Chemical Analysis 
of Refractory Materials (C 18 — 39):* 


Several years of cooperative study have 
produced a rapid and accurate method of 
analysis of chrome ores and chrome re- 
fractories which is being presented as a 
tentative revision of Sections 51 to 55 of 
Standard Methods C18. The new 
method is being presented to the Society 
for publication as a Tentative Method of 
Chemical Analysis of Chrome Ore and 
Chrome Refractories’? and is intended 
to replace, when adopted as standard, 
Sections 51 to 55 of Methods C 18. 


6 1939 Book of A.S.T.M. Standards, Part II, p. 173. 

7 This method was accepted as tentative by ‘the Societ 
and appears in the 1940 Supplement to Book of A.S.T.M. 
Standards, Part II, p. 211. 
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Standard Definitions of Fireclay and Alu- 
mina-Diaspore Refractories (C 27-39):8 


In Definitions C 27 high heat duty fire- 
clay brick are defined by their P.C.E. 
value, and a separate definition is given 
for siliceous fireclay brick. A new set of 
classifications, rather than definitions, is 
being presented by the committee to 
classify high and intermediate heat duty 
fireclay brick according to refractoriness 
as measured by P.C.E. or by means of 
their behavior in the load test. The 
P.C.E. requirement is intended to per- 
tain to the more usual fireclay refracto- 
ries, while the load-test requirement per- 
tains specifically to the siliceous type of 
fireclay brick. For the low heat duty 
fireclay brick, the P.C.E. is adequate for 
both types. The load test has for years 
been used as a measure of refractoriness. 
As the classification of moderate heat 
duty fireclay brick is no longer in com- 
mon use, the committee is recommend- 
ing that it be omitted from the list. It 
is accordingly recommended that the 
following revision® of Definitions C 27 be 
accepted for publication as tentative, to 
replace the tentative revision presented 
for publication in 1938: 

Sections 3 and 4.—Change the defini- 
tins of high heat duty fireclay brick 
and intermediate heat duty fireclay brick 
from their present form to read as 
follows: 


3. High Heat Duty Fireclay Brick shall be 
required to conform to only one of the following 
requirements: Pyrometric cone equivalent not 
lower than cone No. 31-32, or not more than 1.5 
per cent deformation in the 1350C. (2462 F.) 
load test. 

4. Intermediate Heat Duty Fireclay Brick 
shall be required to conform to only one of the 
following requirements: Pyrometric cone equiv- 
alent not lower than cone No. 29, or not more 
than 3 per cent deformation in the 1350C. 
(2462 F.) load test. 


8 1939 Book of A.S.T.M. Standards, Part II, p. 173. 

® This revision has been incorporated in the revised 
Tentative Classification of Fireclay Refractories (C 27 - 
10 T) which was accepted fo publication as tentative by 
Cor nmittee E-10 on ‘Standard see P- 


On REFRACTORIES 


Section 5—Omit the definition of 
moderate heat duty fireclay brick, re- 
numbering the subsequent sections ac- 
cordingly. 

Section 6.—Renumber as Section 5 and 
change the definition of low heat duty 
fireclay brick from its present form to 
read as follows: 


5. Low Heat Duty Fireclay Brick shall have 
a pyrometric cone equivalent not lower than 
cone No. 19. i: 


IV. ADOPTION OF TENTATIVE 
AS STANDARD 


Tentative Method of Test for True Specific 4 
Gravity of Burned Refractory Materials 
(C 135 — 38 


This method has not been the subject 
of any constructive criticism since its 
publication as tentative in 1938. The 
committee accordingly recommends that 
it be approved for reference to letter bal- _ 
lot of the Society for adoption as_ 
standard. 


V. ADOPTION AS STANDARD OF 
"TENTATIVE REVISIONS OF 
STANDARDS 


The committee recommends that the 
revisions of the following two methods of — 
test, published as tentative in 1939, 
referring to the standardization of fur- _ 
nace gas pressure during preheating, be 
approved for reference to letter ballot of © 
the Society for adoption as standard: 


Standard Methods of: 


Panel Test for Resistance to Thermal and | 
Structural Spalling of High Heat Duty anne 
Brick (C 107 - 36), and 

Panel Test for Resistance to Thermal a: 


Structural Spalling of Super Duty Fireclay 
Brick (C 122 - 37). a 


VI. WITHDRAWAL OF STANDARDS 


The committee recommends the with- 
drawal of the following standard specifi- 


10 1939 Book A. S.T.M. Part p. 
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- cations since these are being replaced by 


ingly recommended that an editorial 


ser 
- new tentative specifications, as men- change be made in the requirements set wil 
tioned earlier in thisreport: = =—_forth in Section 5 (a) by adding the fol- prc 
Towing to the first sentence: “when the 
Standard Specifications for : dimensions are 9 in. or under, and to the Br. 
Fireclay Brick for Malleable Furnaces with nearest zy or y‘y in. when the dimensions in 
Removable Bungs and for Annealing Ovens are over 9 in.” I] 
(C 63 - 39), in 
Fireclay Brick for Stationary Boiler Service ‘ . ‘ 
30) The recommendations appearing in Bu 
ae : Refractories for Construction of Incinerators this report have been submitted to letter ter 
8 , (C 106 - 39). ballot of the committee which consists of 
TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. ve 
€ 
4 Ballots 
Items Affirmative Marked “Not be 
Voting” 
ml 
; I. New TENTATIVE STANDARDS rec 
_ Spec. for Refractories for Malleable Iron Furnaces with Removable Bungs 
__ and for Annealing Ovens (C 63 - 40 T) thi 
Spec. for Refractories for Heavy Duty Stationary Boiler Service (C 64- 40T) f 
Spec. for Refractories for Moderate Duty Stationary Boiler Service...... 0 
Ly for Refractories for Incinerators (C 106 - 40 T) mp 
est for Warpage of Refractory Brick and Tile 
Classification of Insulating Block and Insulating Fire Brick®............ ne 
II. REviston oF TENTATIVE STANDARD to! 
Definitions of Terms Relating to Refractories (C 71 - 39 T) TI 
Tentative REVISIONS OF STANDARDS 
Spec. for Ground Fire Clay (C 105 - 36) 1 3 th 
Chemical! Analysis of Refractory Materials (C 18 - 39) f 
Definitions of Fireclay and Alumina-Diaspore Refractories (C 27 - 39).... 0 
IV. Apoption or TENTATIVE STANDARD AS STANDARD te: 
V. ADOPTION AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS tie 
Panel Test for Resistance to Thermal and Structural Spalling of High na 
Heat Duty Fireclay Brick (C 107 - 36) 
Panel Test for Resistance to Thermal and Structural Spalling of Super 
Duty Fireclay Brick (C 122 - 37) ch 
VI. WiTHDRAWAL STANDARDS 
Spec. for Fireclay Brick for Malleable Furnaces with Removable Bungs as 
and for Annealing Ovens (C 63 - 39) th 
Spec. for Fireclay Brick for Stationary Boiler Service (C 64 - 39) 
Spec. for Refractories for Construction of Incinerators (C 106 - 39) . 
VII. Eprrortat CHANGE re 
q Test for Size and Bulk Density of Refractory Brick (C 134 - 39 T) 1 | 
* The classified vote on the proposed Tentative Classification of Insulating Block and Insulating Fire Brick was as R 
_ follows: Affirmative: 15 producers, 9 consumers, 7 general interests; negative: 2 producers, 1 consumer, 1 general interest. 
tu 
VII. Eprrortat CHANGE 35 members; all the members returned va 
; : their ballots with the results shown in 
Tentative Methods of Test for Size and Table I us 
Bulk Density of Refractory Brick pé 
(C 134 — 39 ACTIVITIES OF SUBCOMMITTEES 
method Subcommittee I on Industrial Survey 
study has s at it useless tomake C, Hewitt, chairman) is preparing fa 
to accu- industrial surveys on refractory mate- 
racy ae t ane ed since the aw rials in the zinc and cement industries. m 
ent method specifies gq In. It 1s accord- Arrangements have been made to secure m 
1 1939 Book of A.S.T.M. Standards, Part II, pp. 161, _ the assistance of an authority in the field of 


to assist in preparing a report on a boiler 


, 170. ‘ 
12 Tbid., p. 966. 


| 
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service survey. It is likely that a year 
will be required; to complete these 
projects. 

Subcommittee It on Research (R. S. 
Bradley, soiooaatiis continuing to work 
in close cooperation with Subcommittee 
III on Tests. The group is also keeping 
in touch with the work at the National 
Bureau of Standards on low and high 
temperature spalling studies. 

Subcommittee IIT on Tests (F. A. Har- 
vey, chairman) is composed of the chair- 
men of the seven sections mentioned 
below. The activities of this subcom- 
mittee are brought out in the foregoing 
recommendations on standards, and in 
the following discussion of the activities 
of the various sections. 

Section A on Load in 1939 proposed a 
new equipment for use in testing refrac- 
tories under load at high temperatures. 
This was accepted; by the Society with 
the result that there are now three types 
of furnaces for use in conducting the load 
test (A.S.T.M. Methods C 16-39 T). 
Having completed this work, the activi- 
ties of the section have been only nomi- 
nal during the past year. 

Section B on Spalling (R. E. Birch, 
chairman) is recommending the adoption 
as standard of the tentative revision of 
the panel tests (C107-—36 and 
C 122-37), referred to earlier in this 
report. 

The section, in cooperation with the 
Refractories Fellowship at Mellon Insti- 
tute, has been studying the subject of a 
revised design for the back-up insulation, 
used during the preheating period, of the 
panels in the panel-spalling test. The 
section believes that the study is nearing 
completion and that it will have a pro- 
posal to offer for consideration at the 
fall meeting of Committee C-8. 

Section Con Temperature (R. B. Sos- 
man, chairman) has prepared a recom- 
mendation for use by the manufacturers 
of pyrometric cones in order to supply 


i” 
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the trade with uniform test cones Nos. 
19 to 42 (small cones) for use in deter- 
mining P.C.E. according to Standard 
Method C 24-35. This recommenda- 
tion, given below, may eventually be 
presented to the Society for adoption as 
standard: 


1. Shape of the Test Cone.—A truncated 
trigonal pyramid with its base at a small angle 
to the trigonal axis. 

2. Dimensions.—Over-all height (between 
planes perpendicular to the trigonal axis) 1} in. 
Length of side of the truncated tip 3 in. 
Length of the two longer sides of the base #z in. 
Base at an external angle of 82 deg. to one face 
and perpendicular to the symmetry plane 
through the opposite edge of the pyramid. 

3. Depth of immersion in the supporting 
plaque, which is to be } in., is to be marked by a 
line, parallel to the base, on one or more faces. 

4. Permissible variations in dimensions are 3 
per cent in height, 5 per cent in width of base. 
(Subject to change after further experience with 
pressed cones.) 

5. The number of the cone is to be impressed 
on one of the two faces which are not at 82 deg. 
to the base. 


Section E on Analysis (L. J. Trostel, 
chairman), as a result of several years of 
cooperative study, has prepared an im- 
proved method of analyzing chrome ore 
and chrome refractories, which is being 
recommended for publication as a tenta- 
tive revision of Methods C 18-39. The 
method incorporates procedures which 
are comparatively rapid, but which are 
accurate. 

Section F on Tests on Refractory Insu- 
lation (W. R. Kerr, chairman) has pre- 
pared a classification of insulating refrac- 
tories based on permanent linear change 
data and weight per cubic foot, which 
is being presented for publication as 
tentative. The classification covers five 
groups of insulating refractories. 

This section is also working in close 
cooperation with Committee C-16 on 
Thermal Insulating Materials for the 
purpose of eventually developing a trans- 
verse-strength test for insulating block. 
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An effort i is wanes ware to obtain the 
cooperation of several laboratories to run 
simulative service panel tests on insulat- 
ing fire brick to compare the results with 
the present linear change test on re- 
heating now included in Methods 
C 93 - 39 T. 

Section G on Porosity and Permanent 
Volume Change (C. E. Fulton, chair- 
man) at the September meeting pre- 
sented new Tentative Methods of Test 
for Apparent Porosity, Water Absorption, 
Apparent Specific Gravity, and Bulk 
Density of Burned Refractory Products 
(C 20-39 T) which, as mentioned earlier 
in this report, were accepted by Commit- 
tee E-10 on Standards for publication. 

Subcommittee IV on Heat Transfer 
(R. H. Heilman, chairman) is working 
on the determination of the thermal con- 
ductivity of block insulation. Samples 
of suitable material were sent to a num- 
ber of laboratories to learn something of 
the order of results which may be ob- 
tained with different equipment and by 
different operators. These tests have 
been completed. At a mean tempera- 
ture of 1300 F., the maximum variation 
of all the test results reported was ap- 
proximately 22 per cent, or a plus or 
minus variation of 11 per cent. At 
lower mean temperatures, the agreement 
was not so good. 

The National Bureau of Standards re- 
ports that after many difficulties it has 
been getting rather consistent results 
with the flow calorimeter. Two sets of 
alundum blocks have been calibrated up 

_ to about 1000 F. to use as flow calorime- 
ters or heat flow meters. The Bureau is 
now proceeding to calibrate these at 
higher temperatures by the stepping-up 
‘Process. The section plans to meet with 
M.S. Van Dusen in the near future and 
dacm the progress of the work he is 


conducting at the Bureau. 


Subcommittee v on Precision and Toler. 
ance (R. A. Heindl, chairman) has de- 
veloped a clay sampling procedure, 
This has been submitted to Committee 
C-8 through Subcommittee VII on Speci- 
fications, and is being recommended at 
this time for publication as a tentative 
revision of the Standard Specifications 
for Ground Fire Clay (C 105 — 36). 

Subcommittee V is also revising the 
Recommended Methods for Interpreta- 
tion of Refractory Test Data (1937). 
This work may take another year before 
completion. 

Section A on Retest Data (L. J. Tros- 
tel, chairman) is accumulating data that 
will be useful in working out retest re- 
quirements. 

Subcommittee VI on Nomenclature 
(M. E. Holmes, chairman) presented to 
Committee C-8 at the September meet- 
ing new definitions for insulating fire 
brick, insulating block, calcining, and 
burning (firing) (C 71-39 T) which, as 


mentioned earlier in this report, were 
accepted by Committee E-10 on Stand- 


ards for publication. A revision of the 
Standard Symbols for Heat Transmis- 
sion (C 108 — 39) was also accepted for 
publication as tentative, which added 
5 new symbols for heat transmission. 
This revision was proposed by Subcom- 
mittee VI on the recommendation of 
Subcommittee IV. 

Definitions for abrasion, corrosion, 
erosion, and slagging have been prepared 
and are now being presented to the So- 
ciety for publication as a revision of 
Tentative Definitions C 71 — 39 T. 

Subcommittee VI has also presented a 
new classification of high heat duty fire- 
clay brick and low heat duty fireclay 
brick, which is being recommended for 
publication as a tentative revision of 
Definitions C 27 - 39. 


13 of A.S.T.M. Standards on Refractory 
Materials,” p. 108 (1937), issued as a separate publication. 
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Subcommittee VI also presented to 
Committee C-8, on the recommendation 
of Section F of Subcommittee III, the 
previously discussed classification of 
insulating fire brick. 

This active subcommittee is now pre- 
paring additional necessary definitions. 

Subcommittee VII on Specifications (G. 
A. Bole, chairman), in addition to pre- 
paring the new tentative specifications, 
discussed earlier in this report, for refrac- 
tories for boiler service, for malleable iron 
furnaces and annealing ovens, and for in- 
cinerators, and the revision of the ground 
fire clay specifications (C 105 — 36), has 
proposed a revision of the Standard 
Specifications for Quicklime and Hy- 
drated Lime for Silica Brick Manufac- 
ture (C 49-24)" which is under the 
jurisdiction of Committee C-7 on Lime. 
Committee C-8 is recommending to 
Committee C-7 that the specifications be 
changed as follows:® 

The following is proposed to replace 
the present Note in Section 1: 


Note.—In the manufacture of silica brick, 
silica in the form of massive quartzite or quartz 
conglomerate is ground until the particles are 
less than } in. in size. Lime either in the form 
of slaked lime or hydrated lime is then added in 
quantities varying from; 1.5 to 3.0 per cent CaO 
and the shapes are molded and dried. They 
are then burned in down-draft or tunnel kilns 
until most of the quartzite has been converted 
into tridymite or cristobalite. 


In addition, in the table of chemical 
requirements in Section 3 it is proposed 
to change the requirement for calcium 
oxide from “92.0 per cent” to read 
“90 per cent,”’ and to increase the per- 
missible magnesium oxide content from 
“3.0 per cent” to read ‘4.5 per cent.” 


“ 1939 Book of A.S.T.M. Standards, Part II, p. 34. 
'5 See Report of Committee C-7 on Lime, p. "256. 
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Subcommittee VIII, Editorial (L. J. 
Trostel, chairman) has been active dur- 
ing the year and has cooperated with 
the Society in changing the refractories 
standards from single to double column 
format for publication in the 1939 Book = 
of A.S.T.M. Standards. 

A new edition of the Refractories 
Manual is planned for the fall of 1940, 
and this will incorporate the latest revi- 
sions of the C-8 literature. It is pos- 
sible that certain actions to be taken at 
the fall meeting of the committee can be 
incorporated in the manual. The indus- 
trial surveys pertaining to refractory 
service in lime burning and in plate glass 
and window glass furnaces will be in- 
cluded, and it is possible that the one 
pertaining to boiler furnace refractories 
will be ready by that time. There is a 
distinct need for a new edition of the 
manual, which is finding an important 
place in the literature on refractories. 


At the March, 1940, meeting the fol- 
lowing were elected as officers of Com- 
mittee C-8 for the ensuing 2-year period: 

Chairman, J. D. Sullivan. 
Vice-Chairman, L. J. Trostel. 
Secretary, S. M. Phelps. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 35 members; 34 members re- 
turned their ballots, all of whom voted 
affirmatively. 


Respectfully submitted on behalf of 
the committee, 


J. D. SULLIVAN, 


Chairman. 
E. H. Van Scuorcx, 


Vice-Chairman. 
S.M. PHELPS 


Secretary, 
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- _-_-- Subsequent to the annual meeting Committee C-8 presented to the Society 
through Committee E-10 on Standards the following recommendations: 
Withdrawal of Standard: 
Definitions of Fireclay and Alumina-Diaspore Refractories (C 27 — 39) 
and publication as tentative of the revised Classification of Fireclay 
Refractories (C 27 — 40 T). 
Tentative Revisions of Standard: 
Method of Test for Pyrometric Cone Equivalent of Refractory Materials 
(C 24 - 35), 
Method of Panel Test for Resistance to Thermal and Structural Spalling 
of Refractory Brick (C 38 — 36), 
‘Method of Panel Test for Resistance to Thermal and Structural Spalling 
_ of High Heat Duty Fireclay Brick (C 107 — 40), and 
Method of Panel Test for Resistance to Thermal and Structural Spalling 
sof Super Duty Fireclay Brick (C 122 - 40). 
These recommendations were accepted by Committee E-10 on November 5, 


__-- 1940, and the revised tentative definitions and tentative revisions appear in 
the 1940 Supplement to Book of A.S.T.M. Standards, Part II, pp. 219, 342, 
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Committee C-9 on Concrete and Con- 
crete Aggregates held three meetings 
during the year: two in Washington, 
D. C., on December 9, 1939, and on 
March 20, 1940, and one during the 
annual meeting of the Society in At- 
lantic City, N. J. 

The first Sanford E. Thompson Award 
is to be made this year, T. F. Willis and 
M. E. DeReus being the recipients for 
their paper on ‘“Thermal Volume Change 
and Elasticity of Aggregates and Their 
Effect on Concrete,” which was presented 
at the 1939 annual meeting of the So- 
ciety. This award was established by 
Committee C-9 as an annual token of 
recognition to the quthor or authors of 
a paper of outstarfing merit on con- 
crete or concrete agg*egates presented at 
an annual meeting of the Society. The 
purposes of the award, which is named 
in honor of the first chairman of the 
committee, are to stimulate research, en- 
courage the presentation of results of in- 
vestigations that extend the knowledge 
of concrete and concrete aggregates, and 
to recognize meritorsous efforts. 

The election of ofijcers for the ensuing 
term of two years has resulted as follows: 

Chairman, F. H. Jackson. 

Vice-Chairman, F. E. Richart. 

Secretary, R. R. Litehiser. 

Chairman of Finance Committee, H. 

J. Love. 

Members-at- —_ of Advisory Com- 
mittee: 

H. F. Clemmer 

R. W. Crum 

H. J. Gilkey 

A. T. Goldbeck 


ip . R. McMillan 
J. C. Pearson 
C. H. Scholer 
Stanton Walker 
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Dr. A. N. Talbot was again unani- 

mously elected honorary chairman in 


appreciation of his many years of service 
to the committee. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
two methods of test listed below be 
accepted for publication as tentative. 
For some time there has been a definite 
need for both these methods and they 
are considered an outstanding contri- 
bution to the accomplishments of the 
committee. 


Tentative Methods of: 


Test for Efficiency of Materials for Curing 
Concrete, proposed by Subcommittee XIII 
(W. F. Kellermann, chairman), and 

Test for Volume Change of Cement Mortar 
and Concrete, proposed by Subcommittee XVI 
(L. W. Teller, chairman). 


II. REVISIONS OF STANDARDS 


The committee recommends that the 
following revision in the Standard Speci- 
fications for Concrete Aggregates (C 33 - 
39) be approved for immediate adop- 
tion: 

Section 11 (k).—Omit this section 
which reads as follows, as the method 
referred to has been discontinued: 


(k) Soft Fragments—Method of Test for 
Quantity of Soft Pebbles in Gravel, Standard 
Method T-8 of The American Association of 
State Highway Officials. 


The committee recommends that the 
following revision of the Standard 


ash roceedines, Am. Soc. Testing Mats., Vol. 39, p. 919 
2 These methods were accepted as tentative by the 
Society and appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part II, pp. 264 and 266. 

3 1939 Book of A.S.T.M. Standards, Part IT, p. 281. > 
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Method of Test for Compressive 
Strength of Concrete (C 39-39)* be 
accepted for publication as tentative, as 
proposed by Subcommittee VII (A. T. 
Goldbeck, chairman): 

Section 15,—Change from its present 
form: namely, 


15. Concrete test specimens shal] be removed 
from the molds 20 to 48 hr. after molding, 


marked, weighed, and stored in damp sand, — 


under damp cloths, or in a moist chamber = 
the date of test. The temperature of the curing 
room should not fall outside the range of 18 to 
24C. (65 to 75F.). 


to read as follows: 


15. The concrete test specimens shall be 
removed from the molds not earlier than 20 nor 
later than 48 hr. after molding and stored in a 
moist condition at a temperature within the 
range of 65 to 75 F. (18 to 24C.) until test. 
Moist condition shall be considered as that 
which maintains free moisture on the surface of 
the specimens at all times. Specimens shall 
not be exposed to a stream of running water; if 
stored in water, it shall be a saturated lime 
solution. 

Nore.—Attention is directed to the fact 

_ that the temperature within the damp sand and 
under wet burlap or similar materials will 
always be lower than the temperature in the 
surrounding atmosphere if evaporation takes 
place. 


The recommendations appearing in 
_ this report have been submitted to letter 


4 1939 Book of A.S.T.M. Standards, Part II, p. 328. 
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ballot of the committee which consists 
of 70 members, with the results shown in 
This report has been eubenitted to 
letter ballot of the committee which 


TAB LE I.—ANALYSIS OF LETTER BALLOT VOTE. 


ig . 


Affirm- 


i Neg- 
ative 


ative 


I. New TENTATIVE STANDARDS 
Test for Efficiency of Mate- 
rials for Curing Concrete. .. 
Test for Volume Change of 
Cement Mortar and Con- 


Il. Revistons OF STANDARDS 

Spec. for Concrete Aggregates 
*C 33 - 39), immediate adop- 
tion 

Test for Compressive Strength 
of Concrete (C 39 - 39) 


consists of 70 members; 56 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


F. H. Jackson, 
Chairman. 

shits 

A 


i! 
L. 


R. R. LITEHISER, 
Secretary. 
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REPORT OF COMMITTEE C-11 


Committee C-11 on Gypsum has held 
one meeting during the past year, at the 
National Bureau of Standards in Wash- 
ington, D. C., on March 19, 1940. 

The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Gypsum Plasters 
(Miller Porter, chairman).—Additional 
tests have been conducted during the 
past year by members of this subcom- 
mittee to determine the difference in 
strength of Keene’s cement briquets 
poured at consistencies of 20-mm. and 
30-mm. penetration. These tests com- 
pleted the work on Keene’s cement and 
the revisions of the Standard Specifica- 
tions for Keene’s Cement (C 61 — 30) 
published as tentative in 1938 are now 
being recommended for adoption as 
standard. 

Subcommittee III on Structural Gyp- 
sum Products (L. S. Wells, chairman).— 
This subcommittee is now reviewing the 
Federal Specification for Gypsum Parti- 
tion Tile (SS —- T —- 316) with a view to 
revising the A.S.T.M. Specifications for 
Gypsum Partition Tile or Block (C 52 - 
33) to conform to the Federal Specifica- 
tion. 

Subcommittee IV on Testing Methods 
(C. K. Roos, chairman).—Several mem- 
bers of this subcommittee have checked 
the elutriation method of determining 
the wood fiber content in wood-fibered 
gypsum plaster, published in 1939 as a 
tentative revision of the Standard 


| 


Jogi 


ON 
GYPSUM 


Methods of Testing Gypsum and Gyp- ial 
The method 
has been found reasonably accurate and ~ 


sum Products (C 26 — 39). 


simple and it is therefore reeommended __ 


that it be adopted as standard. 


It has been suggested that the am- 
monium acetate method for gypsum — 
analysis be incorporated in Methods 
C 26 as an alternate method. Several — 
members have conducted tests to com-— 
pare the present gravimetric method — 


with the ammonium acetate method. © 


Additional tests will be made during the — 


year by more members of this committee a 


and it is possible that an alternate 


method will be suggested next year for _ 


publication as tentative. 


I. REVISION OF TENTATIVE STANDARD 


Tentative Definitions of Terms Re- 


lating to Gypsum (C 11-31 T).\—Per- 
forated gypsum lath is designed to pro- 
vide 1-hr. fire resistance when plastered 
with 3} in. of gypsum plaster. 


diameter and must comprise not less 
than 2.75 per cent of the area of the 
lath. The committee accordingly pre- 
sents for publication as tentative the 
following new definition to be added to 
Tentative Definitions C 11-31 T: 


Perforated Gypsum Lath—A gypsum lath 
with perforations not less than j in. in diameter, 
distributed over the face of the lath, and com- 
prising not less than 2.75 per cent of the area of 
the lath. 


11939 Book of A.S.T.M. Standards, Part II, p. 915. 


obtain this fire resistance, the perfora-— 
tions must be not less than 2 in. in 
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II. REvistons oF STANDARDS 


Standard Specifications for Gypsum 
Plasters (C 28-39; ASA A49.3-1939), 
Gypsum Molding Plaster (C 59-30; 

ASA A49.4-1933), Gypsum Pottery Plas- 
ter (C60-30; ASA  A49.5-1933), 
_ Keene’s Cement (C 61-30), and Cal- 
cined Gypsum for Dental Plasters 


30).2—In Section 22 (0) of Stand- 


_ ard Specifications C 28 and in Section 
9 (b) of Standard Specifications C 59, 
C 60, C 61, and C 72, it is required that 
the net weight of the package be shown 
on each package or tag. Inasmuch as 
most state laws require that the gross 

weight be shown, the committee recom- 

_mends that in the indicated sections of 

_ these specifications the words “net 

_ weight of package” be revised to read 

“net and gross weights of package.” 

_ The committee accordingly asks for the 

- necessary nine-tenths vote at the annual 


may be referred to letter ballot of the 
Society for immediate adoption. 
Standard Specifications for Gypsum 
(C 37 34)*.—Gypsum lath is now 
manufactured in plain and perforated 
types, both of which are made to con- 
form to Standard Specifications C 37. 
The committee recommends for im- 
mediate adoption the following revision 
in Standard Specifications C37 and 
accordingly asks for the necessary nine- 
tenths vote at the annual meeting in 
order that this change may be referred 
to letter ballot of the Society. 
Section 1.—Change to read as follows 
by the addition of the italicized words: 


1. These specifications cover both plain 
and perforated gypsum lath, gypsum plaster 
boards designed to be used as a base for the 

_ reception of gypsum plaster. 


Standard Specifications for Gypsum 
(€22-25; ASA A49.1-1933)'-—The 


committee we lone felt that the mini- 
mum requirement for CaSO4-2H:0 con- 
tent in Section 1 (6) of Specifications 
C 22 is too low and could very well be 
increased. It therefore presents for 
publication as tentative the revision 
given below. 

In Section 7 (6) under the heading 
Packing and Marking, it is required that 
on the tag attached to each package 
there be listed among other things the 
form and size of material, and the 
chemical analysis of the material, giving 
the minimum percentages of CaO and 
SO;, also the net weight of package. 
About the only raw gypsum shipped in 
packages is land plaster or agricultural 
gypsum; therefore, it should not be 
required to show on each tag the size 
and form of the material. Instead this 
could better be provided for under the 
heading of description of material. As 
to the chemical analysis of the material, 
this is so seldom required that it should 
not be required to list it. However, 
because some state laws may require 
additional information, it was thought 
advisable to call attention to this in a 
note. Practically all state laws re- 
quire, in addition to the net weight, 
the gross weight of the package. Com- 
mittee C-11 accordingly presents for 
publication as tentative the following 
revisions of Standard Specifications C 22: 

Section 1 (b).—Change the minimum 
requirement for CaSO,.-H,O from “64.5 
per cent” to read “75 per cent.” 

Section 7.—Change Paragraph (0) 
to read as follows by the addition of the 
italicized words and the omission of 
those in brackets: 


(b) When shipped in packages for resale, the 
following information shall be legibly marked 
on each package or on a tag of suitable size 
attached thereto: 

Name of manufacturer, 

[Form and size of material,] Fan 

Description of material, 

[Chemical analysis of the material, giving 
the minimum percentages of CaO and SO;,] | 

Net and gross weights of package. = 
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Me On Gypsum 


Add a note following Paragraph (c) 
to read as follows: 


Note.—State laws may require additional 
information. 


q 
ADOPTION STANDARD 
TENTATIVE REVISIONS OF 
STANDARDS 


Standard Specifications for Keene’s 
Cement (C 61-—30)5—The committee 
recommends that the revision of Specifi- 
cations C 61 published as tentative in 
1938° be approved for reference to letter 
ballot of the Society for adoption as 
standard, with a modification in Section 
8. This section requires the modified 
Vicat needle to give a penetration of 
20 + 2 mm. Tests conducted by 
several members of the committee indi- 
cated no appreciable difference in the 
strength of Keene’s cement poured at 
consistencies of 20-mm. and 30-mm. 
penetration and inasmuch as the Federal 
Specification for Keene’s Cement pre- 
scribes a 30-mm. penetration, it is 
recommended that the requirement in 
Section 8 for a penetration of “20 mm.” 
be changed to read “30 mm.” 

Standard Methods of Testing Gypsum 
and Gypsum Products (C 26 - 39).’—The 
committee recommends that the revision 
of Methods C 26 published as tentative 
last year® be approved for reference to 
letter ballot of the Society for adoption 
as standard. 

The recommendations appearing in 
this report have been submitted to letter 


OF 


5 1939 Book of A.S.T.M. Standards, Part II, p. 67. 
[bid., p. 1179. 
7 Ibid., p. 86. 

Ibid. p. 1179. 


age 


ballot of the committee which consists 
of 22 members; 22 members returned 


their ballots with the results shown in — 


Table I. 
TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Marked 
“Not 


Voting” 


Affirm- 


Neg- 
ative 


Items ative 


I. Revision oF TENTATIVE 
STANDARD 


Definitions of Terms Relating 
to Gypsum (C 11 - 31 T) 


for Gypsum Plasters 
Sue 28 - 39; ASA A49. 3-1939), 

immediate 
pec. for Gypsum Mo 
Plaster (C59 - 30; ASA 
A49.4-1933), 

or um Pottery 
Plaster (C 60 60-30; ASA 
A49.5- 4039). 
adoption 

Spec. Cement 
(C 61 - 30 immediate 
adoption... 

Spec. for Calcined Gypsum 
for Dental Plasters (C 72- 
30), — aduption. . 

Spec. for Gypsum Lath (C 37- 

34), i immedi iate 
pec. for Gypsum 
ASA A49.1-1933) 

III. Apoption aS STANDARD 
or TENTATIVE REVISIONS 
OF STANDARDS 
Spec. for Keene’s Cement 

61 
esting Gypsum and Gypsum 
Products (C 26 - 39) 


imm ediate 


immediate 


19 
20 


This report has been submitted to 
letter ballot of the committee which 
consists of 22 members; 22 members 
returned their ballots, of whom 21 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of — 


the committee, 
S. WELLs, 
Chairman. 
H. J. ScHwErm, 
Secretary. » TE 
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ON 


Committee C-12 on Mortars for Unit 
Masonry has held three meetings during 
the past year: in Atlantic City, N. J. 
on June 28, 1939, and in Washington, 

 D.C., on December 11, 1939, and on 
March 22, 1940. 


_ The membership at present totals 35, 

of whom 15 are classified as producers, 

¥ 9 as consumers, and 11 as general 
members. 

In addition to the standing subcom- 


mites and working subcommittees 


listed in the 1939 report,! the following 
_ have been established: 


Subcommittee V on Admixtures for Mortar 
(W. C. Voss, chairman), 
_ Working Subcommittee on Mortar for Glass 
_ Block (G. M. Rapp, chairman), and 
Joint Working Subcommittee (with Com- 
- mittee C-15) on Efflorescence (Frederick Heath, 
Jr., chairman). 


Although no _ specifications and 
methods of test are being offered for 
_ publication as tentative at this time, 

the subcommittees have been quite 
_ active and two papers by a member of 
_ the committee will present in part data 


and tests which are being considered 


_ by the committee. 
Subcommittee IL on Methods of 
_ Test (F. O. Anderegg, chairman), acting 
_ through its Working Subcommittee on 
Workability and Plasticity (L. A. Wag- 
ner, chairman), made a study of the 
10-in. flow table which included co- 
operative tests using a “calibrating 


assoh Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 371 


MORTARS FOR UNIT MASONRY 


mortar” prepared and distributed by 
P. S. Roller. A paper entitled “Some 
Characteristics of the Flow Table for 
Testing Mortar Consistency’? which 
makes recommendations concerning the 
construction and design of the flow 
table has been prepared by Mr. 
Anderegg. Another paper by Mr. An- 
deregg entitled “Some Properties of 
Mortar in Masonry”’ provides a detailed 
description of certain new techniques 
for testing mortar which he developed 
and which are being studied by the 
committee. The latter paper is to be 
presented at this annual meeting of the 
Society.* 

The Working Subcommittee on 
Soundness and Volume Change of Mor- 
tar (R. E. Davis, chairman), under the 
joint jurisdiction of Subcommittees II 
and III, has prepared and presented a 
program for research on shrinkage and 
expansion of mortar. The committee is 
giving consideration to ways and means 
of carrying through this program. 

The Working Subcommittee on Mor- 
tar for Glass Block (G. M. Rapp, chair- 
man), also under the joint jurisdiction 
of Subcommittees IT and ITI, has drafted 
complete specifications and methods of 
test for mortar for glass block which have 
been distributed in Committee C-12 
for comment and criticism. 

Subcommittee ITI on Specifications for 
Mortar (T. I. Coe, chairman) completed 


2 To be published in the ASTM Buttetin. 
See p. 1130. 
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a rather extensive series of cooperative 
tests on masonry cement and cement- 
lime mortars. These tests indicated 
(1) the range in variation in such pro- 
perties as compressive strength and 
water retentivity resulting from com- 
mercial variation in cements, limes, and 
sands, and (2) the variation in results 
caused by variation in methods of test 
from laboratory to laboratory. The 
“Primer on Specifications and Tests for 
Masonry Mortars” has been extensively 
revised by a special subcommittee (H. C. 
Plummer, chairman) and is being fur- 
ther considered by Committee C-12. 
Adoption as standard of the Tenta- 
tive Specifications for Aggregate for 
Masonry Mortar (C 144-39 T) is not 
requested at this time as the committee 
feels that more experience with this 

type of specification is required. 


Made | 


iii 


OF buy! od ik 


On MorTARS FOR UNIT Masowny 


ang 
Subcommittee V on ‘aaiteiaa for 
Mortar (W. C. Voss, chairman), has 
considered a definition for admixtures. 


The present officers of the committee 
were re-elected for the ensuing term of 


two years. 

This report has iecaainiiie to 
letter ballot of the committee which 
consists of 35 members; 30 members 
returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 

J. W. McBurney, 

Chairman. 

H. C. PLUMMER, 


Secretary. 
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piven REPORT OF COMMITTEE C-13_ 


Coed CONCRETE PIPE 


Committee C-13 on Concrete Pipe 
held a meeting at Chicago, IIl., on April 
- 10, 1940, and at that time action was 

taken by the committee to recommend to 

the Society tentative revisions in the 
following standard specifications that 
are under the jurisdiction of the com- 
mittee: 
Standard Specifications for: 
Concrete Sewer Pipe (C 14 - 35), 
Reinforced Concrete Sewer Pipe 
(C 75 — 35), and 
Reinforced Concrete Culvert Pipe 
(C 76 - 37). 
_ Unfortunately, lack of time prevented 
the printing of these tentative revisions 
- for formal consideration at the annual 
- meeting of the Society and therefore 
_ they will be presented to the Society 
subsequent to the meeting through 
Committee E-10 on Standards.' This 
progress report presents a general sum- 
mary of the revisions that are proposed. 
Many of the changes are of an editorial 
- nature designed to bring into agreement 


7 corresponding requirements in the three 


_ specifications which, in the interests of 
uniformity, should be identical in 


wording. 


In the case of the Standard Specifica- 
tions for Concrete Sewer Pipe (C 14 — 35) 
the proposed revision provides for an 
_ increase in the strength requirements to 
_ bring the specifications into agreement 
_ with the Federal Specification for Non- 


1 See Editorial Note, p. 275. 


ON 


ITI? 
7 


Pressure, Non-Reinforced Concrete Pipe 
(SS-P-371). 

The revision of the Standard Specifica- 
tions for Reinforced Concrete Sewer 
Pipe (C 75 — 35) will provide additional 
requirements for pipe 12, 15, 18, and 
21 in. in internal diameter. 

In the Standard Specifications for 
Reinforced Concrete Culvert Pipe 
(C 76 — 37) the revision includes changes 
in the requirements for 4500-lb. con- 
crete in Table I, and the shell thickness 
of 18-in. pipe is to be changed from 2} in. 
to 2 in. These specifications are also 
being revised by the addition of pipe of 
larger diameter. In the present stand- 
ard, the maximum size of pipe covered 
is 84in. in internal diameter. In the 
revised specifications the maximum di- 
ameter will be 108 in. In the case of 
30-in. pipe, the present requirements in 
Tables I and II for single-line reinforce- 
ment are to be changed to two lines of 
reinforcement. 

The above are the more important 
revisions, other than those of an editorial 
nature, that are to be recommended. 
Due to the extensive nature of the 
changes the tentative revisions of these 
three standards will be issued as sepa- 
rate tentative specifications! to supersede 
when adopted as standard the present 
standard specifications. 


The present officers of the committee 
were re-elected for the ensuing term of 


lett 
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ret! 
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report submitted to 
letter ballot of the committee which 
consists of 26 members; 24 members 
returned their ballots, all of whom have 


oted affirmativel 


Respectfully submitted on behalf of 
the committee, 


T. F. Dott, 
M. W. Lovine, iss Chairman. 


Secretary. 


EpITORIAL NOTE 


Subsequent to the annual meeting Committee C-13 presented to the Society _ 
through Committee E-10 on Standards tentative revisions of the Standard 
Specifications for Concrete Sewer Pipe (C 14-35), for Reinforced-Concrete 
Sewer Pipe (Cc 75 — 35), and for Reinforced-Concrete Culvert Pipe (C 76 — 37). 
These revisions, in the form of new tentative specifications, were accepted by 
Committee E-10 on August 28, 1940, and appear in the 1940 Supplement to 
Book of A.S.T.M. Standards, Part II, pp. 235, 243, and 253. 
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REPORT OF COMMITTEE C-15 


0 
of 


| Committee C-15 on Manufactured 


Masonry Units held three meetings dur- 
_ ing the year: in Atlantic City, N. J., on 
June 28, 1939, during the annual meeting 
of the Society, and in Washington, D. C., 
on December 12, 1939, and on March 21, 
1940. Regular business was transacted 
_ at two of the meetings; the third meeting 
was devoted to a discussion of research 
_ on masonry units at which the following 


___ papers were presented and discussed: 


_ Heath, Jr. 


916 


The Properties of Concrete Masonry and 
_ Masonry Units, by P. M. Woodworth, 
The Frost Resistance of Clay Building Brick, 


by J. W. McBurney, 

_ Specifications for Clay Building Brick, by 
_ J. H. Hansen, 

_ Research on the Factors Affecting the Dura- 
bility of Clay Brick, by H. G. Schurecht, and 


Efflorescence on Masonry, by Frederick 


Subsequent to the 1939 annual meet- 
=. Committee C-15 presented to the 


S$tandards the following 


- tions which were accepted! by Commit- 


: 4 tee E-10 on August 24, 1939, and appear 


in the 1939 Book of AS.T.M. Standards 


397), 


1 In submitting these recommendations to Committee 


__ E-10 on Standards, Committee C-15 reported the following 
results of the letter ballot vote of a total of 40 ballots 


returned from a committee membership of 57: C 32 - 37 T, 
affirmative 30, negative 3, ballots marked “‘not voting” 7; 
C 62 - 37 T, Affirmative 33, aeptve 1, ballots mark 
“not voti ; Cé7- 39, . rmative 36, negative 0, 
ballots mar not voting” 4 

21939 Book of A.S.T Standards, Part II, pp. 925, 


» 930. 
Tbid., p. 916. 
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Revision of Tentative Specifications for 
Building Brick (Made from Clay or Shale) 
(C 62 - 39 T), and 

Tentative Revision of Standard Methods of 
Sampling and Testing Brick (C 67 — 39) in the 
form of new Tentative Method of Freezing-and- 
Thawing Test of Brick (C67-39T), to be 
added when adopted to the present standard. 


With deep regret the committee re- 
cords the loss through death of a long- 
time member, George F. Schlesinger, 
Chief Engineer and Managing Director 
of the National Paving Brick Assn. 
Mr. Schlesinger had been very helpful 
in the activities of the committee and 
his loss is keenly felt. 

As the result of resignations, deaths, 
and the election of new members the 
membership of the committee now totals 
56, of whom 24 are producers, 13 con- 
sumers, and 19 general interest members. 


I. REVISION OF TENTATIVE STANDARD 


In order to avoid the possibility of 
misinterpretation, but without changing 
the intent of the specifications, the com- 
mittee recommends that the Tentative 
Specifications for Building Brick (Made 
from Clay or Shale) (C 62-39 T)* be 
revised as follows and continued as 
tentative: 

Section 2 (d).—At the end of the first 
paragraph, which presents the tabulation 
of the freezing-and-thawing test require- 
ments, add a footnote to read as follows: 


Brick are not required to conform to the pro- 
visions of Section 2 (d), and these do not apply 
unless the sample fails to conform to the require- 
ments for absorption and saturation coefficient 
prescribed in Table I as well as the strength 
and absorption requirements in Section 2 (c). 


Il. 
Sp 
Co 
for 
th 
ba 
of 
th 
Te 
TA 
I 
7 
B 
I 
r 
a 
r 
a 
t 
0 
a 
Revision of Tentative Specifications fo b 
Sewer Brick (Made from Clay or Shale) (C 32 3 
( 
I 
| | 276 


On MANUFACTURED Masonry UNITS 277 


Il. ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


As no criticisms of the Tentative 
Specifications for Solid Load-Bearing 
Concrete Masonry Units (C 145 — 39 T)4 
have been received, it is recommended 
that the specifications be approved for 
reference to letter ballot of the Society 
for adoption as standard. 

The recommendations appearing ‘in 
this report have been submitted to letter 
ballot of the committee which consists 
of 56 members; 42 members returned 
their ballots, the results being shown in 
Table I. 


TABLE I, ANALYSIS OF LETTER BALLOT VOTE. 


Nega- 


Items tive 


I, REVISION OF TENTATIVE 
STANDARD 
Spec. for ey Brick (Made 
fom. Clay or Shale) (C 62 - 
39 


II. ADopTION OF TENTATIVE 
STANDARD AS STANDARD 
Spec. for Solid Load-Bearing 
Concrete Masonry Units 

(C 145 - 39 T) 


ACTIVITIES OF ; SUBCOMMITTEES 


Subcommittee Ih on Clay Building 
Brick (J. W. McBurney, chairman) .— 
Investigations of the factors affecting the 
resistance of clay building brick to frost 
action have been continued in the labo- 
ratories of the National Bureau of Stand- 
ards and Alfred University. Effects of 
temperatures during freezing on the rate 
of disintegration of bricks were studied 
and data were obtained on the relations 
between the resistance of brick to frost 
action and physical properties which are 
determined easily in the laboratory. 

Subcommittee III on Concrete Units 
(W. G. Kaiser, chairman).—The research 
project on the properties of concrete 
masonry units, which has been under 


* 1939 Book of A.S.T.M. Standards, Part II, p. 933. 


way at the University of Wisconsin, was 
completed and the results are now avail- 
able in a paper entitled “Tests on Con- 
crete Masonry Units Using Tamping and 
Vibration Molding Methods.’”®> No 
revisions of existing standards and no 
new tentative standards are being pre- 
sented this year, but the subcommittee 
is following with interest new develop- 
ments in the field which are expected to 
result in a demand for standards for new 
products. 

Subcommittee V on Paving Brick (F. H. 
Jackson, chairman).—The investigation 
on paving brick being conducted jointly 
by the Ohio State Highway Commission 
and the Public Roads Administration is 
expected to furnish information which 
will serve as a basis for revising the Ten- 
tative Specifications for Paving Brick 
(C7—38T). Three miles of paving 
constructed of different kinds of brick are 
under observation. Elaborate records 
are being taken to determine the service 
performance of the brick and the rela- 
tion between performance and properties 
which can be determined easily and 
quickly. The committee is recommend- 
ing that Specifications C 7 — 38 T be con- 
tinued as tentative until the data from 
the foregoing investigation become 
available. A minor revision to make the 
specifications conform with general prac- 
tice and the Simplified Practice Recom- 
mendation R 1 — 40 of the U. S. Depart- 
ment of Commerce is to be submitted 
to the Society subsequent to the annual 
meeting.® 

Subcommittee VII on Glazed Brick and 
Tile (J. R. Kauffman, chairman).—AI- 
though there appears to be a need for 
revising the Tentative Specifications for 
Glazed Building Units (C 126-39 T), 
the industry has been slow in sponsoring 
investigations for the purpose of obtain- 
ing the needed information. It is hoped 


5 Proceedings, Am. Concrete Inst., Vol. 36, p. 121 
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that the glazed brick and tile industry 

and the architectural terra cotta indus- 

try will sponsor such an investigation in 

the coming year. 

Subcommittee VIII on Structural Clay 
Tile (H. C. Plummer, chairman).—In 
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the subcommittee is undertaking studies 


_ which eventually are expected to lead to 


the preparation of specifications for 
These are unglazed 


- units designed for use in interior and 


and are usually of a finer texture than 


many of the commercial structural tile. 


Joint Working Subcommittee (with Com- 


_ mittee C-12) on Efflorescence (Frederick 


_ Heath, Jr., chairman).—This subcom- 


Report or Committee C-15 


paying especial attention to methods of 
determining whether masonry materials 
are likely to be a source of efflorescence, 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 56 members; 44 members re- 
turned their ballots, of whom 43 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
of the committee 


J. W. WHITTEMORE, 
Secretary. 


D. E. Parsons, 
Chairman. 


NOTE 


Subsequent to the annual meeting Committee C-15 presented to the Society 
a through Committee E-10 on Standards the following recommendations: 


Revision of Tentative Specifications for: 


Paving Brick (C 7 —- 38 T), 
Tentative Revisions of Standard: 


Specifications for Structural Clay Load-Bearing Wall Tile (C 34 - 39), 
Specifications for Structural Clay Non-Load-Bearing Tile (C 56 — 39), and 
Methods of Sampling and Testing Brick (Modulus of Rupture, Com- 


pressive Strength, Absorption) (C 67 — 39). 

These recommendations were accepted by Committee E-10 on August 28, 
1940, and the revised tentative specifications and tentative revisions appear 
ae, in the 1940 Supplement to Book of A.S.T.M. Standards, Part II, pp. 183, 
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Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products held two 
meetings during the year: on June 27, 
1939, in Atlantic City, N. J., during the 
annual meeting of the Society, and on 
April 12, 1940, in Cincinnati, Ohio, 
during the meeting of the American 
Chemical Society. 

The committee recommends that the 
Society continue as a member-body in 
the Inter-Society Color Council, with 
M. Rea Paul, an official delegate of the 
Society, representing the committee. 

Committee D-1 has, during the past 
year, arranged for the presentation of 
two papers and one motion picture at 
its meetings, as follows: 


“The Status of Linseed Oil,”? by R. D. 
Bonney, 

“Liquid Driers—Their Function, Difficulties 
Involved, Improvements, and Methods of 
Test,”? by W. T. Pearce, and 

A motion picture containing scenes taken at 
the research and development laboratories and 
manufacturing plants of the American Cyana- 
mid and Chemical Corp. 


During the past year a new sub- 
committee was appointed, designated 
Subcommittee II on Drying Oils, under 
the chairmanship of Francis Scofield. 
Subcommittee III, which had previ- 
ously carried on this work under the 
title of Testing of Paint Vehicles, was 
discontinued. Subcommittee XX VI on 
Underground Pipe Protection was also 


1 ASTM Buttetim, No. 100, October, 1939, p. 27. 
*Ibid., p. 31. 
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discontinued, and its chairman, F. N. — 
Speller, was appointed adviser on all a 
matters in this connection. 

During the year, on the recommenda- — 
tion of Committee D-1, seven standards 
were submitted by the Society to the 
American Standards Association and 
approved as American standards. 

Since the last annual meeting, 20 new * 
members have been elected, 9 resigna- 2k 
tions have been accepted, leaving a 
total membership of 235. 

Of the one adviser and fourteen D-1 
subcommittees, four furnished reports 
of progress and eight submitted detailed 
reports affecting standards, which have 
resulted in the committee making the 
recommendations given below to be 
acted upon at the annual meeting. 

In this report, recommendations af- 
fecting standards and tentative stand- 
ards are noted in brief form below, _ 
together with the results of the etter 
ballot. These recommendations are ex- 
plained in the reports of the subcom- 
mittees directly responsible for them. 


I. New TENTATIVE STANDARDS 


The committee submits for publica- 
tion as tentative the following three new 
specifications, three methods of test, and 
definitions of terms: 


Tentative Specifications for: } 


Titanated Lithopone, to be added, wien 
adopted as standard, to the Standard Specifica- 
tions for Zinc Sulfide Pigments (D 477 - 39), 


by Subcommittee XV, 
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Ultramarine Blue, to replace immediately 
the Standard Specifications for Ultramarine 
Blue (D 262-28) which are recommended for 
withdrawal, proposed by Subcommittee XV, and 

Carbon Black, proposed by Subcommittee 


Tentative Methods of: 


* Test for Consistency of Enamel Type Paints, 
_ proposed by Subcommittee VIII, 

Test for Phthalic Anhydride Content of 
Alkyd Resin Solutions, proposed by Subcom- 
mittee IX, and 


Testing Liquid Driers, proposed by Sub- 
committee IX, 
Tentative Definitions of: 


Terms Relating to Paint, Varnish, Lacquer, 
and Related Products to replace immediately 
the Standard Definitions of Terms Relating to 
Paint, (D 16-24) which are recommended for 
withdrawal, proposed by Subcommittee VI. 


II. REVISIONS OF STANDARDS 


The committee recommends for im- 

mediate adoption revisions in the fol- 

_ lowing standards, and accordingly asks 

for the necessary nine-tenths vote at the 

annual meeting in order that these 

- modifications may be referred to letter 
_ ballot of the Society: 


Standard Specifications for (proposed by Sub- 
committee XV): 


4 


Standard Methods in 


Chemical Analysis of White Linseed Ojj 
Paints (D 215 — 37), proposed by Subcommittee 
VIII, and 


Sampling and Testing Turpentine (D 233 - 
36), proposed by Subcommittee XII. 


III. ADopTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following tentative standards be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard, 
and that the one so indicated be revised 
as referred to in the report of the 
subcommittee: 


DAT 
Tentative Specifications for: 


Zinc Dust (Metallic Zinc Powder) (D 520- 
39 T), proposed by Subcommittee XV. 


Tentative Methods of: 

Chemical Analysis of Zinc Dust (Metallic 
Zinc Powder) (D 521-39 T), revised as pro- 
posed by Subcommittee VIII, and 

Test for Reactivity of Paint Liquids (D 479 - 
38 T), proposed by Subcommittee IX. 


IV. ADOPTION AS STANDARD OF 
TENTATIVE REVISIONS OF 


Leaded Zinc Oxide (D 80 - 24), , STANDARDS 


Mineral Iron Oxide (D 84 - 27), 

Ocher (D 85 - 27), 

Chrome Yellow (D 211 — 27), 

Pure Chrome Green (D 212 — 27), 
Reduced Chrome Green (D 213 - 27), 
Prussian Blue (D 261 — 39), 

Chrome Oxide Green (D 263 - 28), 
Reduced Para Red (D 264 - 39), 

C. P. Para Red Toner (D 475 — 39), and 
C. P. Zinc Yellow (Zinc Chromate) (D 478 — 
39). 


Standard Methods of: 


Sampling and Analysis of Shellac (D 29 — 39), 
_ proposed by Subcommittee XIII, and 
Testing Nitrocellulose Clear Lacquers and 
- Lacquer Enamels (D 333-37), proposed by 
Subcommittee XXV. 


The committee further recommends 
that the revisions proposed in the follow- 
_ ing standards be accepted for publica- 
tion as tentative: 


committee recommends that the 


tentative revisions of the following five 

standards be approved without change 

for reference to letter ballot of the 

Society for adoption as standard, as 

proposed by Subcommittee XXV: a 
i? 


Standard Specifications for: 


Normal Butyl Acetate (88 to 92 per cent 
Grade) (D 303 - 33), 

Butanol (Normal Butyl Alcohol) (D 304- 
33), 

Alcohol (Synthetic) (D 319 33), 

Butyl Propionate (90 to 93 per cent Grade) 
(D 320 - 33), and 

Ethyl Lactate (Synthetic) (D 321 - ee 

LE 


V. WITHDRAWAL OF STANDARDS 


The committee recommends the with- 
drawal of the Standard Specifications for 
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Ultramarine Blue (D 262 — 28), proposed 
by Subcommittee XV, and Standard 
Definitions of Terms Relating to Paint 
(D 16 — 24), proposed by Subcommittee 
VI, for the reasons referred to in the 
reports of the subcommittees. 
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ACTIVITIES OF SUBCOMMITTEES 


Underground Pipe Protection (F. N. 
Speller, adviser).—The American Pe- 
troleum Institute’s underground coating 
tests are now being inspected for the 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items 


Ballots 
Affirmative Marked 
Voting”’ 


I. New TENTATIVE STANDARDS 


Spec. iy Tm Titanated Lithopone, to be added, when adopted, to Standard 


S 
for Ultramarine toreplace Standard Spec.D 262 


for Carbon B 
for Enamel Type Paints 


Test for Phthalic Anhydride Content of Alkyd Resin Solutions 


Testing Liquid Driers 


Definitions of Terms Relating to Paint, Varnish, shooeem, and Related Pro- 


ducts, to replace Standard Definitions D 16-24 
II. Revisions oF STANDARDS 


Spec. for Leaded Zinc Oxide (D 80 - 24), immediate adoption 
—1937) immediate 


Spec. for Mineral lron Qxide (D 84-27; ASA K25— 


Spec. for Ocher (D 85 - 2, immediate adoption 


Spec. for Chrome Yellow (1) 211 - 27; ASA K27— 1937) immediate adoption. 
Spec. for Pure Chrome Green (D 212 - 27), immediate adoption 
Spec. for Reduced Chrome Green (D 213 - 27; ASA K28—1937) immediate 


39; ASA K29—1939) immediate adoption.. . 
1937), immediateadoption. . 
Spec. for Reduced Para Red (D 264-39; ASA K31—1939) immediate 


Spec. for C.P. Para Red Toner (D 475 — 39), immediate adoption 
Spec. for C.P. Zinc Yellow (Zinc Chromate) (D 478 - 39), immediate 


adoption 
Spec. for Prussian Blue (D 261 
Spec. for Chrome Oxide Green (D 263 - 28; K37- 


adoption 
Sampling and Analysis of 
Testing Nitrocellulose Clegr 
immediate adoption. 


Chemical Analyste of Wh#e Linseed Oil Paints (D 215 - 37) 
‘esting Tuspentine (D 233 - 36; ASA K33 —1937) 


III. Apoption of TENTATIVE STANDARDS AS er 


Sampling and 


ieee. . for Zinc Dust (Metallic Zinc Powder) (D 520 - 39 T 
Chem 


ical Analysis of Zinc Dust (Metallic Zinc onda (D 521 - 39 T), 


as revised 


IV. Apoption As STANDARD OF TENTATIVE REVISIONS OF STANDARDS 
Spec. for Normal But ty Acetate (88 to92 percent pg | (D 303 - 33) 


Spec. for Butanol (Normal Butyl Alcuhol) (D 

for Alcohol (Synthetic) (D 319 - 
pec 

Spec. Tor Ethyl Lactate (Synthetic) (D 321 - 


V. VjITHDRAWAL OF 
Spec. for Ultramarine Blue¥D 262 - 28; ASA K30 —1937) 
Definitions of Terms Relating to Paint (D 16 - 24) 


r Butyl Propionate, (90 to 93 per cent = (D 320 - 33) 


co ooc 
we 
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VI. Eprrortat CHANGE IN STANDARD 


An editorial change is being made in 
the Standard Specifications for Pe- 
troleum Spirits (Mineral Spirits) 
(D 235 - - 39) as proposed by Subcom- 
mittee XI. 


These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 235 members, 
with the results shown in Table I. 


last time, after ten years’ exposure, and 
the results will be made available in 
the near future. 

Subcommittee II recommends that 
the Tentative Specifications for Raw 
Soybean Oil (D 124 - 37 T) be included 
in the letter ballot in the spring of 1941 
for adoption as standard. This recom- 
mendation was accepted by vote of 
Committee D-1. 
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Subcommittee VI on Definitions (C. H. 
Rose, chairman).—This subcommittee 
recommends for withdrawal the Stand- 
ard Definitions of Terms Relating to 
Paint (D 16 — 24), since revisions in 
some definitions are being considered 
and new definitions are in preparation. 
This subcommittee further recommends 
for publication as tentative, Definitions 
of Terms Relating to Paint, Varnish, 
Lacquer, and Related Products.* 

Subcommittee VI has under considera- 
tion the preparation of suitable defini- 
tions for the following terms: surfacer, 
putty, glaze, japan, gloss oil, flatting 
agent, lacquer, resin, natural resin, 
fossil resin, synthetic resin, alkyd resin, 

. baking, baking temperature, forced dry- 

__- Ing temperature, and baked finish. 

Subcommittee VII on Accelerated Tests 

for Protective Coatings (H. A. Nelson, 

chairman).—This subcommittee reports 
progress in the work of its subgroups. 
Group 1 on House Paints (C. H. Rose, 
chairman) is continuing its investiga- 
tions of accelerated testing of house 
paints for color retention. Additional 
cooperative tests are being planned, 
based on the 1938 test experiences. 

Thus far, the most satisfactory of the 

test cycles includes rest periods and a 

periodic conditioning of the panels at 

32 F. Standards by which to judge the 

accelerated tests will be established by 

exposing the same paints at various 
locations. 

Group 2 on Oleoresinous Type 

Enamels (C. Y. Hopkins, chairman) has 

_ completed a series of accelerated weath- 

ering and outdoor tests on enamels, 

the results of which are presented in a 

report appended hereto.‘ 

_ Group 6 on Metal Protective Paints 

—G. C. Moore, chairman) is endeavoring 

to predict, by accelerated testing means, 


- 8 These definitions were accepted as tentative by the 
and appear in the 1940 Supplement to Book of 


. Standards, Part II, p. 318. 
4 See p. 289. 
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results that Subcommittee XXIX wil] 
secure in its study of pretreatments on 
panels exposed at Sayville, L. I., and 
Bethlehem, Pa. No definite conclu- 
sions have been drawn. Tests of other 
than accelerated weathering types are 
also being conducted. Work is now in 
progress on the development of reference 
standards illustrating various degrees of 
rusting of painted steel or iron surfaces. 

Subcommittee VII has decided to 
prepare procedures for certain phases of 
accelerated testing, to include test 
panels for different classes of materials 
to be followed by methods of an ac- 
celerated nature that are deserving of 
consideration. 

H. G. Arlt has been appointed chair- 
man of a group to prepare a question- 
naire that will be employed to secure 
information regarding test methods now 
in use in the paint industry for evaluat- 
ing the service characteristics of organic 
finishes. 

Subcommittee VIII on Methods of 
Analysis of Paint Materials (E. F. 
Hickson, chairman).—This subcom- 
mittee recommends for publication as 
tentative a new Method of Test for Con- 
sistency of Enamel Type Paints.’ It 
is pointed out that the Society has no 
suitable method for measuring the con- 
sistency of paints, and since there have 
been many requests for such a method, 
the one proposed has been develgped 
to meet this need. 

The subcommittee further recom- 
mends the publication of the report of 
its Work Committee, appended hereto, 
together with the method of test for 
consistency of enamel type paints origi- 
nally proposed by that committee. 

The subcommittee recommends the 
adoption as standard of the Tentative 
Methods of Chemical Analysis of Zinc 


5 This method was accepted as tentative by the Society 
ond appears in the 1940 Supplement to Book of A.S.T.M. 
Part II, p. 316. 
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Dust (Metallic Zinc Powder) (D 521 - 
39 T),® with the following revision: 


Section 5.—In Paragraph (a) include 
the following description of three ad- 
ditional solutions, and change the pro- 
cedure in Paragraph (0) to read as 
follows: 


Sodium Acetate Solution (20 per cent). 

Ferric Chloride Solution.—Prepare a solution 
containing 20 g. of FeCl;-6H,O and 20 ml. of 
the NaC:H;O2 solution per 100 ml. It is 
advisable to make up only one day’s supply at a 
time (50 ml. for each Getermination). 

Zimmerman-Reinhardt Solution.—Prepare a 
solution containing 6? g. of MnSO,-4H,0, 130 
ml. of HeSO, (sp. gr. 1.84), and 138 ml. of 
HsPO, (sp. gr. 1.7) per liter. 

(b) Procedure.*—Weigh accurately approxi- 
mately 0.2 g. of the sample, transfer imme- 
diately to a dry, 600-ml. Erlenmeyer heavy-wall 
flask, and add 50 ml. of the FeCl; solution. 
Tightly stopper the flask, and agitate constantly 
for approximately 15 min. As soon as the zinc 
dust is all dissolved, add 50 ml. of the Zimmer- 
man-Reinhardt solution and 250 ml. of water, 
and titrate with the standard KMnQ, solution. 
Correct for a blank titration (usually 0.1 to 0.2 
ml.). One milliliter of 0.1 W KMn0Q, is equiva- 
lent to 0.00327 g. of zinc. Calculate metallic 
zinc according to th ri a: 

g e following formul ; 


Metallic zinc, per cent = 


ml. of KMnOQ, X 0.00327 
wt. of sample 


Note.—If preferred, the reduced iron may 
be titrated with a 0.1 N standard solution of 
K,Cr,0; using sodium diphenylamine sulfonate 
in the presence of HsPO, as an internal indi- 
cator.® 


x 100 


*This is a rapid method intended for 
routine analysis. The results are inclined to be 
somewhat low, and for highest accuracy and par- 
ticularly for referee tests, the hydrogen evolution 
method should be used. See Proceedings, Am. 
Soc. Testing Mats., Vol. 18, Part II, p. 220 
(1918). 

’See “Textbook of Quantitative Inorganic 
Analysis” by Kolthoff and Sandell, 1936, p. 579. 


The subcommittee further recom- 
mends for publication as tentative a 


* 1939 Book of A.S.T.M. Standards, Part II, p. 1134. 
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revision of the Standard Methods of 
Chemical Analysis of White Linseed 
Oil Paints (D 215 - 37),’ as follows: 
Section 31 (b).—In place of the first 
five sentences which read as follows: 


In the absence of ZnS or TiO: report BaSO, 
as BaSO, If ZnS is present, calculate the 
BaSO, equivalent by multiplying by 2.85; 
report sum of ZnS + BaSO, as “lithopone.” If 
TiO: is present, calculate the BaSO, equivalent 
by multiplying by 3.17; report sum of TiOz + 
BaSO, as “titanium pigment.” Report residual 
BaSO, as BaSO,. If TiO. is present and BaSO, 
is absent or is present in a smaller amount than 
would be indicated by the above factor, then 
report TiOz as TiO», and BaSO, as BaSQ,. 


substitute the following sentence: 


Report TiO,» as TiO2, ZnS as ZnS, and BaSO, 
as BaSO,. 


It is further recommended that the 
Tentative Methods of Sampling and 
Testing Aluminum Powder and Paste 
(D 480-38 T) remain in a tentative 
status, pending the completion of certain 
studies of tests for leafing characteristics. 

Subcommittee IX on Varnish (W. T. 
Pearce, chairman).—This subcommittee 
recommends for publication as tentative 
a Method of Test for Phthalic Anhydride 
Content of Alkyd Resin Solutions.*® 
Such solutions are being sold in in- 
creasing quantities to manufacturers of 
paints, enamels, and similar finishes. 
The Navy Department and many states 
have specifications covering this class 
of material. Methods of test for all 
of these require that the nonvolatile 
part contain a definite amount of 
phthalic anhydride, usually expressed as 
glyceryl phthalate. Methods of analysis 
and factors involved in making the 
calculations have been the subject of 
many discussions. In the case of several 
important transactions, rejections of 
shipments have been made because of 


7 1939 Book of A.S.T.M. Standards, Part IT, p. 818. 

8 This method was accepted as tentative by the Societ 
and appears in the 1940 Supplement to Book of A.S.T.M. 
‘Standards, Part II, p. 315. 
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misunderstandings as to methods of 
analysis. The proposed method of 
analysis and accurate method of cal- 
culation are considered satisfactory for 
use in the examination of shipments of 

this class of resin solutions. 
_ Subcommittee IX also recommends 
or publication as tentative new Methods 
of Testing Liquid Driers.® It is pointed 
out that large quantities of liquid driers 
ame purchased by the Federal Govern- 
ment, prominent railroads, paint manu- 
facturers, and most painters. During 
recent years, considerable improvement 
has been made in such driers. In spite 

_ of the large quantities of such materials 
_ purchased, the Society has no specifica- 

tions relating tothem. The purpose for 

_ which a finish is used determines to a 

degree the type of drier desired. At 
the present time, consumers of these 
materials do not have available specifica- 
tions which would enable them to secure 

_ the type of drier needed. To develop 

such specifications for the several types 
of liquid driers now being used, accurate 

_methods of test and analysis were re- 

- quired. Samples of typical driers have 

_ been studied by several methods, and 
those proposed in the new methods of 
test were found to be satisfactory. 

The development of specifications 
covering the principal types of driers 
that are purchased today is now under 

consideration. 

_ This subcommittee recommends the 
adoption as standard of the Tentative 
Method of Test for Reactivity of Paint 
Liquids (D 479 — 38 T)." 

A study is being carried on by this 
subcommittee of a method for evaluat- 
ing the color of varnishes. 

Subcommittee XI on Paint Thinners 
Other Than Turpentine (M. B. Chittick, 
chairman).—On the recommendation of 


* These methods were accepted as tentative by 
AS Part I 

to Book of A.S.T.M. Seadards, Part II, p. 1139. 
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this subcommittee an editorial change is 
being made in the Standard Specifica- 
tions for Petroleum Spirits (Mineral 
Spirits) (D 235 —- 39)." In the table of 
requirements in Section 2 the term “dry 
point” is being changed to read “end 
point.” 

Subcommittee XII on Turpentine (C.F. 
Speh, chairman).—This subcommittee 
recommends for publication as tentative, 
revisions in the Standard Methods of 
Sampling and Testing Turpentine 
(D 233 — 36)," as follows: 

Color Test.—Add as a new Section 5 
the following description of the colorim- 
eter tube, renumbering the subsequent 
sections accordingly: 


5. Turpentine Colorimeter Tube.—The color- 
imeter tube shall be a straight, cylindrical tube of 
clear, colorless, soda-lime glass. It shall be 230 
to 280 mm. in length, 21 + 1 mm. in inside 
diameter, and 1} to 14 mm. in wall thickness, 
The bottom may be (/) blown with the tube, of 
a uniform thickness of 1.0 to 1.5 mm., with the 
outer surface flat-ground and polished, and 
showing little or no distortion of the field of view 
when the tube is filled to a depth of 50 mm. with 
turpentine; or it may be (2) a separate colorless 
glass plate vitreously fused or sealed to the 
bottom of the cylinder, 1.0 to 1.5 mm. in thick- 
ness, with the outer surface flat-ground and 
polished, and having a diameter not more than 
1 mm. greater than the outside diameter of the 
cylinder. Graduation lines shall be ruled or 
etched on the outside of the cylinder at each 2 
mm. from the level of the inner surface of the 
bottom, each fifth line being longer, and each 
tenth (20-mm.) line still longer and marked to 
show the distance from the bottom. 


Section 9 (d).—Specifications for a new 
turpentine distillation thermometer have 
been prepared and it is accordingly pro- 
posed to change this paragraph from its 
present form to read as follows: 


(d) Thermometer—An A.S.T.M. turpentine 
distillation thermometer, 3 in. partial immer- 
sion, having a range of 148 to 182 C., 


41 1939 Standards, Part II, p. 716. 
12 [bid., p. 
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conforming to the requirements for this ther- 
mometer as prescribed in the Tentative Specifi- 
cations for A.S.T.M. Thermometers (A.S.T.M. 
Designation: E 1-40 T),* of the American 
Society for Testing Materials" shall be used. 


“The short total immersion turpentine distillation 
thermometer, having a range of 145 to 200 C., conform- 
ing to the requirements for this thermometer as pre- 
viously prescribed in the Standard Specifications for 
A.S.T.M. Thermometers (A.S.T.M. Designation: E 1 - 39) 
of the Arrerican Society for Testing Materials,“ may be 
used in lieu of the new standard 3-in. partial immersion 
turpentine distillation thermometer, if desired. 


Subcommittee XIII on Shellac (W. H. 
Gardner, chairman).—This subcommit- 
tee recommends for immediate adoption 
a revision in the Standard Methods of 
Sampling and Analysis of Shellac 
(D 29 — 39), as follows: 

Section 31.—Change from its present 
form to read as follows: 


31. Weigh a quantity of the shellac varnish 
that will contain approximately 10 g. of non- 
volatile matter, and place in a 200 ml. tall form 
beaker to which add 2.5 g. of sodium carbonate 
and 150 ml. of hot water. Immerse the beaker 
in a steam or boiling-water bath and stir until 
the shellac is in solution. Then cover with a 
watch glass and complete the determination in 
accordance with the procedure described in 
Section 20. 


Subcommittee XIII has successfully 
developed a suitable method for the 
determination of the color of orange 
shellac, and recommends that it be 
published in the ASTM Buttetrn for 
the purpose of soliciting further sugges- 
tions and comments prior to its presenta- 
tion to the Society for publication as 
tentative. 

A review has been concluded by this 
subcommittee of the draft British Stand- 
ard Specification for Lac (CF (B) 2368), 
and a statement has been prepared 
containing recommendations and criti- 
cisms that has been approved by 
Committee D-1 for transmittal by the 
Society to the British Standards 
Institution. 


18 1940 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 321. 


4 1939 Book of A.S.T.M. Standards, Part IT, p. 838 
18 1939 Book of A.S.T.M. Standards, Part II, p. 748. 
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The subcommittee recommends that 
the Tentative Specifications for Shellac 
Varnishes (D 360-39T) remain in a 
tentative status for the coming year. 

This subcommittee is considering the 
development of specifications for a 
dewaxed orange shellac dissolved in 
isopropyl] alcohol. 

Subcommittee XV on Specifications for 
Pigments Dry and in Oil when Marketed 
in That Form (C. L. Crockett, chairman). 
—This subcommittee recommends for 
publication as tentative, Specifications 
for Titanated Lithopone,'* which are to 
be added, when adopted, to the Standard 
Specifications for Zinc Sulfide Pigments 
(D 477 - 39). It is pointed out that 
titanated lithopone has now become 
sufficiently well established and is sold 
in such quantities as to justify specifica- 
tions covering its composition and 
properties. 

Subcommittee XV also recommends 
for publication as tentative revised 
Specifications for Ultramarine Blue," to 
replace immediately the Standard Speci- 
fications for Ultramarine Blue (D 262 - 
28) which do not adequately meet 
present-day requirements and are ac- 
cordingly recommended for withdrawal. 

New Specifications for Carbon Black" 
are also recommended for publication as 
tentative. There are now A.S.T.M. 
standard specifications covering both 
both bone black (D 210 - 30) and lamp- 
black (D 209-30) for paint pigment 
purposes. As there are no A.S.T.M. 
specifications for carbon black, which is 
thought to be equally as important for 
paint pigment purposes, a new tentative 
standard is being proposed. It is also 
believed that these new specifications 


16 These specifications were accepted as tentative by 
the Society and appear in the 1940 Supplement to Book 
of A.S.T.M. Standards, Part II, p. 310. 

17 These specifications were accepted as tentative by 
the Society and appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part II, p. 308. 

18 These specifications were accepted as tentative by 
the Society and appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part II, p.307, 
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would define the grade of carbon black 
that is used for paint pigment purposes, 
as differentiated from those grades em- 
ployed in rubber and other commodities. 

A revision is proposed for immediate 
adoption in the Standard Specifications 
for Leaded Zinc Oxide (D 80-24). It 
is pointed out that for some time many 
combinations of zinc oxide and basic lead 
sulfate have been produced, some of 
which contained as much as 75 per cent 
or more of normal or basic lead sulfate, 
whereas the existing standard covers 
only two combinations, known as high- 
leaded and low-leaded, of which the 
former grade limits the lead content to 
less than 40 per cent. Under these 
conditions the present specifications are 
not sufficiently broad to cover materials 
being offered to the trade, and are 
therefore being revised.'® 

Adoption as standard, without re- 
vision, is recommended in the case of 
the Tentative Specifications for Zinc 
Dust (Metallic Zinc Powder) (D 520 
39 

Subcommittee XV further proposes 
for immediate adoption revisions in a 
number of the standard specifications 
for colored pigments. The revisions 
involve the addition of requirements for 
moisture and other volatile matter 
present in the pigments both in the dry 
form and as a paste in oil. The earlier 
specifications usually included a require- 
ment for moisture in the pigment in 
paste form, but not in the dry pigment, 
which is its principal source. Moisture 
requirements appearing in these specifi- 
cations are not consistent with those 
actually found in the products offered 
to the trade. In view of these con- 
siderations, the subcommittee recom- 


; 2 19 These specifications were adopted as standard by the 
Society and appear in the 1940 Supplement to Book of 
ry A.S.T.M. Standards, Part II, p. 130. 
884939 Book of A:S.T.M. Standards, Part II, p. 1129. 


a 


mends that the following standard 
specifications be revised as indicated 
in detail below: 


Standard Specifications for Mineral Iron Oxide 
(D 84 


Section 2.—In Paragraph (a) add the follow- 
ing requirement: ‘Moisture and other volatile 
matter, 2.0 per cent, max.” 

In Paragraph (0) change the requirement for 
moisture and other volatile matter from “0.7 
per cent, max.,”’ to read “1.5 per cent, max.” 


Standard Specifications for Ocher (D 85 — 27):*! 


Section 2.—In Paragraph (a) add the follow- 
ing requirement: “Moisture and other volatile 
matter, 1.0 per cent, max.” 

In Paragraph (6) change the requirement for 
moisture and other volatile matter from “0.5 
per cent, max.” to read “0.7 per cent, max.” 


Standard Specifications for Chrome Yellow 
(D 211 - 27) 


Section 2.—In Paragraph (a) add the follow- 
ing requirement: “Moisture and other volatile 
matter, 1.0 per cent, max.” 

In Paragraph (b) change the requirement for 
moisture and other volatile matter from “0.7 
per cent, max.” to read “1.0 per cent, max.” 


Standard Specifications for Pure Chrome Green 
(D 212 - 27):* 


Section 2.—In Paragraph (a) add the follow- 
ing requirement: “Moisture and other volatile 
matter, 4.0 per cent, max.” 

In Paragraph (0) add the following require- 
ment: “Moisture and other volatile matter, 
3.0 per cent, max.” 


Standard Specifications for Reduced Chrome Green 
(D 213 27):* 


Section 2.—In Paragraphs (a) and (0) add the 
following requirement: “Moisture and other 
volatile matter, 1.0 per cent, max.” 


Standard Specifications for Prussian Blue 

(D 261 — 39):* 

Section 2.—In Paragraph (6) change the 
requirement for moisture and other volatile 
matter from “3.0 per cent, max.” to read “3.5 
per cent, max.” 


os 1939 Book of A.S.T.M. Standards, Part II, pp. 614, 


[bid., p. 612. 

607. 

4 Ibid., p. 609. Pal A 

Ibid., p. 621. 
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Standard Specifications for Reduced Para Red 
(D 264 — 39), and for C.P. Para Red Toner 
(D 475 39) 


Section 2.—In Paragraph (a) add the follow- 
ing requirement: “Moisture and other volatile 
matter, 1.0 per cent, max.” 


Standard Specifications for C.P. Zinc Yellow 
(Zine Chromate) (D 478 — 39):%8 


Section 2.—In Paragraph (a) add the follow- 
ing requirement: “Moisture and other volatile 
matter, 1.0 per cent, max.” 

In Paragraph (0) change the requirement for 
moisture and other volatile matter from “0.7 
per cent, max.” to read “0.8 per cent, max.” 


This subcommittee further recom- 
mends for immediaté adoption a revision 
in the Standard Specifications for 
Chrome Oxide Green (D 263 - 28),?* as 
given in detail below. It is pointed out 
that the chrome oxide green (dry pig- 
ment) now available to the trade has 
such high oil absorption that the present 
proportions of pigment and oil make a 
paste entirely too stiff for satisfactory 
use. In addition, a revision is proposed 
in the moisture content similar to that 
recommended above in the case of the 
other colored pigments. 

Section 2.—In Paragraphs (a) and (6) 
add the following requirement: “‘Mois- 
ture and other volatile matter, 0.5 per 
cent, max.” 

In Paragraph (6) change the require- 
ment for pigment from “85 per cent, 
min.” to read “75 per cent, min.,”’ and 
change the requirement for linseed oil 
from ‘‘15 per cent, max.” to read “25 
per cent, max.” 

Subcommittee XVIII on Physical 
Properties of Materials (M. Rea Paul, 
chairman).—This subcommittee recom- 
mends that the Tentative Method of 
Test for Specular Gloss of Paint Finishes 
(D 523 —- 39 T) be coritinued in a tenta- 
tive status for the coming year. 


Progress is reported in the matter of 
studying a method for specifying a color 
that would be so readily understood that 
a person could easily visualize the 
appearance of the color from its notation. 

Subcommittee XXV on Cellulose Ester 
Coatings (R. M. Carter, chairman).— 
This subcommittee recommends for im- 
mediate adoption a revision in the 
Standard Methods of Testing Nitro- 


: 

Approx. No,/4 hon-leok' 
Gage 

Non-Leak Joint-A 

for Stainless — Approx. 

a Approx. diam. 


Section Through of Cup 


Fic. 1.—Consistency Cups and Apparatus 
Assembly for Testing Lacquers and 
Lacquer Enamels. 

Note 1.—Four consistency cups constitute a set, as 


follows: 
Diameter of Orifice, in. 


0.07 + 0.0001 
0.10 + 0.0001 
0.15 + 0.0001 
See 0.25 + 0.0001 


Norte 2.—Cups made of brass or bronze. Orifice disks 
made of 18 per cent chromium, 8 per cent nickel stainless 
steel. The diameter of the orifice pressed in the cup shall 
be stamped on the cup. F 

Nore 3.—Fractional dimensions subject to permissible 
variations of plus or minus 0.01 in., unless otherwise 
specified. 
cellulose Clear Lacquers and Lacquer 
Enamels (D 333 — 37), as follows: 

Fig. 1.—In place of the present figure 
which illustrates a suitable design of the 
consistency cups and test assembly, 
substitute the revised illustration shown 
in the accompanying Fig. 1. 

This subcommittee recommends that 
the existing tentative revisions* of the 
following standard specifications be ap- 
proved for adoption as standard: 


_ ® 1939 Book of A.S.T.M. Standards, Part II, p. sol. 


31 [bid., pp. 1183, 1184. 
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Standard faces which have wire- 
- Normal Butyl Acetate (88 to 92 per cent brushed, and given a cold pretreatment. 
Grade) (D 303 - 33), It is generally recognized that hot pre- 

_ Butanol (Normal Butyl Alcohol) (D 304-33), treatments now used in the automotive 


— Butyl Propionate (90 to 93 per cent Grade) industry are not practical, from the 
standpoint of field application, for struc- 


sale: (D 320 — 33), and 
ree Ethyl Lactate (Synthetic) (D 321 - 33). tural steel. An extensive series of tests 
a on metal plates of these pretreatments 


Subcommittee XXIX on Painting of 


Structural Iron and Steel (A. J. Eickhoff, 
chairman).—This subcommittee reports 
progress in its study to determine the 
amount of protection (freedom from 
rust) afforded by the presence or ab- 
sence of mechanical or chemical treat- 
ment of steel surfaces prior to painting. 
Within the past few years there have 
appeared on the market a number of 
aqueous inhibitive solutions to be ap- 
plied at atmospheric temperature. 
These solutions consist essentially of a 
mixture of water, chromates, reduced 
chromates, orthophosphoric acid, wet- 
ting agents, and metallic phosphates. 
This has given rise to the discussion 
concerning the relative advantages of 
painting over cold-pretreated surfaces, 
mill scale, sand-blasted steel, and sur- 


that were subsequently painted are now 
being carried on. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 235 members; 104 members 
returned their ballots, of whom 77 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


Chairman. 


M. REA Paul, 
Secretary. 
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‘ACCELERATED WEATHERING TESTS OF ON 
AND CORRELATION WITH OUTDOOR EXPOSURE 


REPORT OF GROUP 2 ON ENAMELS OF SUBCOMMITTEE VII ON ACCELERATED 
TESTS FOR PROTECTIVE COATINGS 


Outline of Work: ‘to ‘bMinwaliide oft panels were 4 by 12 in., and the ac- 


A cooperative series of weathering 
tests of exterior enamels was arranged 
by Group II on Oleoresinous Type En- 
amels (C. Y. Hopkins, chairman) of Sub- 
committee VII to determine the degree 
of correlation between the effects of out- 
door exposure and the results of various 
accelerated weathering methods. 

A series of six enamels was selected 
and panels were made up at a central 
laboratory, using a finishing schedule 
previously agreed upon by the group. 
Each cooperator was supplied with one 
or more sets of six panels ready for ex- 
posure. Twelve members of the group 
carried out accelerated weathering tests, 
beginning on February 1, 1939. Eleven 
members carried out exterior exposure 
tests from March 1, 1939, to March 1, 
1940. 

Each cooperator kept a record of the 
condition of his own sets of panels during 
the tests. At the end of the exposure 
periods, the record sheets were collected 
and the results tabulated. In a few 
cases where complete records had not 
been kept, the panels were examined 
and rated at the end of the tests. 


Materials: 


Aad: 
The enamels were six in number and 
were made by pigmenting three different 
varnish vehicles in two colors—green and 


tan. The vehicles were of types in 
common use. 

The panels were of automobile body 
steel of No. 22 gage. Outdoor test 


celerated test panels were 2? by 53 in 
They were cleaned of all rust and grease 
and given a coat of gray primer, film 
thickness 0.0013 to 0.0020in. After air- 
drying overnight, the primer was wet- 
sanded to an average film thickness of 
0.0013 in. Two coats of enamel were 
applied, each coat having an average 
thickness of 0.001 in. 

The backs of the panels were coated 
with the gray primer. 


Methods of Exposure: 


The outdoor exposures were at 45 deg. 
facing south, in locations in Florida, 
several Northern States, and Canada. 

The accelerated weathering test pro- 
cedures were those in regular use in the 
various cooperating laboratories. Six 
cooperators used an enclosed carbon arc 
as the light source, four used a test em- 
bodying a mercury arc lamp, two em- 
ployed an open carbon arc and one a 
salt spray box. The accelerated weath- 
ering test procedures used by the co- 
operators are briefly described as follows: 


Accelerated Weathering Test Procedures 
(Calculated to 24 hr. Basis) 


Cooper- 
ator 


1 Carbon arc (Type A). Type 70 solid 
carbons. Light about 21 hr. Water 
spray 24 hr. Water alkaline (8.1) 
and hardness 86 ppm. Arc voltage 
145 d-c. 

Salt spray. No light. 

Mercury arc (Type C). 

Carbon arc (Type A). Solid and 
coredcarbons. LightiShr. Water 
i5 hr. Rest 9 hr. Water alkaline 
(7.7) and moderately hard (90 
ppm.). Arc voltage 140 d-c. 
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Accelerated Weathering Test Procedures 
(Calculated to 24 hr. Basis) 


Carbon arc (Type B). Light 12 hr. 
Water 12 hr. Rest 12 hr. Water 
alkaline (7.7) and moderately hard 
(90 ppm.). Arc voltage 50 d-c. 

Carbon arc (Type A). Solid and 
coredcarbons. Lighti8hr. Water 
16 hr. Rest 4 hr. Water alkaline 
and soft. Arc voltage 125 d-c. 

Mercury arc (Type C), high and low 
humidity. Light 12 hr. Water ¢ 
hr. High temperature and humidity 
11 hr. Water slightly hard and 
slightly alkaline. 

Carbon arc (Type A). Solid and 
cored carbons. Light 20 hr. with 
high humidity. Water spray 1 hr. 
Immersion in ice water 1 hr. Rest 
2hr. Water neutral and hard. 

Carbon arc (Type A). Water neutral 
and soft (30 ppm.). 

Mercury arc (Type C), high and low 
humidity. Light 16 hr. Water 
spray 2 hr. Refrigeration 2 hr. 
Rest period 4 hr. Water hard. 

Mercury arc (Type C). Light only. 
No water spray. 

Carbon arc (Type B). Light and 
water continuous. No rest period. 
Water hard. 

Carbon arc (Type A). Light 22 hr. 
Water spray 22 hr. Heavy spray 

14 hr. Distilled water. 


o 


w 


Each cooperator made regular inspec- 
tions of his exposure panels, using the 
record forms of the Federation of Paint 
and Varnish Production Clubs. Ac- 
celerated test panels were inspected 
weekly and outdoor panels monthly. 
The effects of weathering were re- 
corded mainly under the headings: 
checking, chalking, decline in gloss, 
change in color. At the conclusion of 
the tests, the record sheets and the ex- 
posed panels were examined by a small 
committee and the panels were rated 
in order of durability under each of the 
four headings listed above. 


| 


Recording of Test Results: 


Analysis of Data: 


Lids 
The rankings based on the 
observations of mn cooperator are 


given in Tables I and II. The six 
enamels used in the tests were numbered 
29 to 34, inclusive. 


Comparison of Outdoor and Accelerated 
Test Results: 


It is apparent from the data in Tables 
I and II that all cooperators do not 
agree as to the rank of the panels, either 
in the accelerated or the outdoor tests. 
Indeed, it would be surprising if com- 
plete agreement did occur, since the 
differences with respect to certain prop- 
erties are quite small and the probability 
of all persons reporting identical results 
is remote. 

Checking.—Most cooperators found 
early checking on panels Nos. 30 and 33 
and little or no tendency for the remain- 
ing panels to check. The accelerated 
tests indicate that panels Nos. 30 and 33 
are about equal in this respect, while 
the outdoor tests show more or earlier 
checking on panel No. 30. However, 
since both panels show checking in about 
one month outdoors, the difference is not 
of great consequence. It is observed 
that the open carbon arc tests placed 
these two panels in the same order as 
did the outdoor tests. 

Chalking.—There is a good deal of 
variation in the ratings for chalking, 
partly owing to the difficulty in judging 
degree of chalking and partly to differ- 
ences in conditions of exposure. There 
is little doubt about the ‘superiority of 
panels Nos. 31 and 34. Panel No. 30 
appears to be better than panel No. 29 
in outdoor exposure, while the reverse is 
true in the accelerated test. It is to be 
noted that the variation in exposure 
results is as great in the outdoor as in 
the accelerated tests. 

Gloss Retention (Before Polishing).— 
The gloss of the panels before polishing 
is not difficult to judge and fairly good 
agreement is shown with respect to this 
characteristic in the outdoor tests. The 
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accelerated test results are less con- other tests, and was also responsible for 
cordant, but the consensus is the same. _ the low ratings of panel No. 34. 
Those using the enclosed carbon arc Gloss Retention (After Polishing).— 


TABLE I.—RANKING OF TEST PANELS IN OUTDOOR TESTS. 
Ranking of Panels: 1 = Best, 6 = Poorest. 


Cooperator. . 5 6 7 10 


Mari- Palmer- 
Location... cago, i etta, Ottawa, son- 


Ill. | Mich. | Ohio | D.C.’ P Pa. 


. 12 6 12 10 12 12 10 12 
Test P eriod.{ months | months} months| months} months| months} months| months months | months 


CHECKING RESISTANCE” 


33 30 
30 33 


CHALKING RESISTANCE® 


31, 34 
31, 34 
30 


29 
32, 33 
32, 33 


Gioss RETENTION (BEFORE PoLIsHING)? 


31 31 
29 34 
34 29 
30, 32 
30, 32 
33 


31, 34 
34 31, 34 
32 29 
29 = 32 
30, 33 | 30,33 | 30 % 33 
30, 33 | 30,33 | 33 a 30 33 


* Severe checking was observed on panels Nos. 30 and 33. Checking did not occur on the other four panels except in 

the two instances shown. 
Slight. 

° Panel No. 31 proved best in resistance to chalking with panel No. 34 rated second. There was fairly general agree- 
ment with this conclusion, although exposure at Jacksonville, Fla., gave panel No. 29 the highest rating. The remaining 
panels were not greatly different in resistance to chalking. 

“ All cooperators found panel No. 31 to have the best gloss retention. Panels Nos. 29 and 34 were nearly as good 
while the remainder were very poor in this respect. 

* Decline in gloss is Jess apparent after polishing and in some cases could not be judged. The ranking is the same as 
that for gloss retention before polishing. oa No. 32 was improved considerably by polishing. 

/ Very little decline in gloss. 


were in closest agreement with the out- Panels Nos. 30 and 33 showed poor gloss 
door tests. The mercury arc exposure after polishing at the end of the exposure 
placed panel No. 32 in second or third period. The other panels had suffered 
position, contrary to the results of the little decline in gloss and it was difficult 
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Hia- d 
4 leah, Con- 
Fla. sensus 
y 
Rank ; 
$.....1 33 33 33 33 | 30,33 | 33 
3 6......] 30,33 | 30 30 30 30 30 30 | 30,33 | 30 
3 Rank 
le 2......| 31, 34 | 31,34 | 34 | 31,34| 34 34 «| 31 34 34 34 
32 29 30 30 30 34 32 30 30 
29,33 | 30 32 29 32 30 29 29 33 29 
29,33 | 33 29 | 32,33 | 2 | 32,33 30 32 29 32 
r, 30 32 33 | 32,33 | 33 | 32,33 33 33 32 33 
it 
Rank 
ae" 31 31 31 31 31 31 31 31 31 
2......) 34 | 29,38] 34 34 34 34 29,34 | 29 29 34 
3......| 29 | 29,34] 29 29 29 29 29,34 | 34 34 29 
aS 32 30 33 30 32 32 30,32 | 32 32. 
5....... 30 | 30,33] 32 32 | 32,33 | 30 30 | 30,32 | 30, 33 30 
6......| 33 | 30,33 | 33 30 | 32,33 | 33 33 33 | 30,33 | 33 
g Gioss RETENTION (AFTER POLISHING)? 
’ 
31 31 31 
| | 29, 34\| 29, 34 
re | 20,34 | 29,34] 29 
4 32,33 | 32 32 
of 32, 33 | 30,33 | 33 
30 | 30,33] 30 
29 
is 
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REPORT OF SUBCOMMITTEE VII oF COMMITTEE D-1 
TABLE II.—RANKING OF TEST PANELS IN ACCELERATED TESTS. 
Ranking of Panels: 1 = Best, 6 = Poorest. 

CHEcKING REsIsTANCcE® 


if 


4b 5 10 
Type 
A 


30 


CHALKING RESISTANCE® 


Cooperator. . 5 6 8 9 11 


| 
Machine’.... Type A Type C | Type A| TypeA Type C |Type B 


Test Period. . 96 days 84 days |110 days 33 days | 18 days 


32 33 
33 30 


Loss RETENTION Po.tsHinc)/ 


Cooperator. . 5 6 9 10 il 
| 


Machine.....| TypeA | Type A| Type B | Type A Type C Type A| Type C| Type C TypeA - 


Test Period. .| 60days | 42 days | 42 days | 96 days 110 days) 80 days | 33 days 22 days 


Cooperator. . | 12 


Machine..... TypeA Type B 


Test Period. . 42 days 110 days 18 days 


29 


29 

33 or 32 at 
30, 33 33 os 33, 32 . 30, 33 30 30 
30, 33 | 30 mae 30, 33 33 33 


@ The machines used were as follows: Type A enclosed carbon arc, Type B open carbon arc, and Type C mercury vapor 


lamp. 

P While the majority of cooperators found checking on panels Nos. 30 and 33, it is evident that certain test cycles do 
not produce checking in conformance with outdoor weathering. Three of the mercury arc tests and two of the carbon arc 
tests fell in this class. 

© No checking. 

Trace. 

The results show the superiority of panel No. 31 in resistance to chalking. Cooperator 6 reports that his test cycle 
s known to be unsuited to determination of chalking although it is useful in testing other characteristics. 

/ As in the outdoor tests, panel No. 31 was found to be best in gloss retention. The mercury arc tests rated panel 
No. 34 noticeably lower than either the carbon arc or outdoor tests. 

9 Several cooperators found such a slight decline in gloss, after polishing, that the panels could not be rated. Panels 
Nos. 30 and 33 were definitely the poorest, however, ees ESOS Ee 

* Very little decline in gloss. 


= is 
! Cooperator....| 1 3 4a 11 12 13 ce! 

: Type | Ty Type Type | Type | Type : 
Machine’®... A A B A ot! 
«7 — . 60 9 42 42 || 28 84 110 80 33 18 22 
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WEATHERING TESTS OF ENAMELS 


to judge between them. Panel No. 31 
is placed first in both outdoor and ac- 
celerated exposure, while panels Nos. 
29, 32, and 34 are rated close to each 
other. 


of Results: 


The comparative ratings are sum- 
marized in Table III. The degree of 
acceleration obtained in the artificial 
weathering tests was considered satis- 
factory. Some of the exposure periods 
shown in Table II were longer than 


Summary 


TABLE III.—SUMMARY OF RANKINGS 


Checking Resistance Chalking Resistance 


Panel Number Panel Number 


Out- | Accel- 


door | erated 


a 
a 
a 


34 
30, 33 
30, 33 


Gloss Retention (Before Gloss Retention (After 
Polishing) Polishing) 


Panel Number Panel Number 


Accel- 
erated 


Accel- 
erated 


31 
29, 34 
29, 34 

32 

30 

33 


* No failure by checking. 


necessary because the initial instruc- 
tions were to continue the tests until 
checking occurred and it was later found 
that certain panels did not develop 
checking at any time. 

Checking.—Both tests show that 
panels Nos. 30 and 33 are subject to 
early checking and that the other panels 
have good resistance to checking. 

Chalking.—The order of durability 
with respect to chalking is the same 
except for panels Nos. 29 and 30, which 
are interchanged. 


Gloss (Before Polishing).—While this 
characteristic depends largely on the 
amount of chalk on the panel, it is easy 
to judge and good agreement was found 
between the outdoor and accelerated 
tests. 

Gloss (After Polishing).—Except for 
the two poorest panels, the series showed 
only slight loss of gloss. Reasonably 
good agreement is observed between 
outdoor and accelerated tests. 


Conclusions: 


1. The accelerated tests identified the 
only two panels which fail by early 
checking. 

2. The accelerated tests rated the 
panels in the proper order for resistance 
to chalking, except that panels Nos. 30 
and 29 (rank 3 and 4) were ranked ~ 
fourth and third, respectively. 7 

3. The accelerated tests rated the 
panels correctly with respect to gloss _ 
retention before polishing. 


4. The accelerated tests gave approxi-_ Bo 


mately the proper ratings for gloss after 
polishing. Panels Nos. 34and29(rank2 
and 3) were rated as equal. 

5. The agreement among cooperators’ 
results in the accelerated tests was al- 
most as good as among their results in 
the outdoor tests. 

6. It is concluded that, in general, the 
accelerated tests predicted reasonably 
well the results obtained later by out-— 
door exposure. 

7. Six persons used an enclosed carbon 
arc as the light source, four used a mer- 
cury vapor lamp and two an open 
carbon arc. Of those using the enclosed 
carbon arc, cooperators 1, 4a, and 13 
obtained results in closest agreement 
with the outdoor results. Cooperator 6 
was the most successful of those using 
the mercury arc, except in predicting 
chalking, where cooperator 11 was 
superior. Cooperator 4b was the more 
successful of the two using the open 
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_ carbon arc. The details of these accel- no conclusion was reached with regard 
erated test methods have been recorded to this characteristic. 


8. It was found to be practically im- Respectfully submitted on behalf of 
possible to grade the panels with respect the subcommittee, 
_to color retention, either in the outdoor H. A. NELson, 
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REPORT OF SUBCOMMITTEE VIII ON METHODS OF ANALYSIS — 
OF PAINT MATERIALS i 


At the 1938 spring meeting of the 
Society, a Work Committee consisting 
of Messrs. A. E. Jacobsen, R. H. 
Sawyer, G. G. Sward, and D. L. Gamble 
reported to Subcommittee VIII the 
results of a survey of paint laboratories 
which indicated the No. 4 Ford con- 
sistency cup, the Gardner mobilometer, 
and the Stormer viscosimeter to be the 
most commonly used instruments for 
the measurement of paint consistency. 
At this same meeting the Work Com- 
mittee was instructed to proceed with 
an investigation of the possibility of 
setting up an A.S.T.M. method of con- 
sistency measurement for gloss and 
enamel type paints, taking into con- 
sideration the No. 4 Ford cup, the 
No. 10 A.S.T.M. cup (A.S.T.M. Method 
D 333 — 37),! the Gardner mobilometer, 
and the Stormer viscosimeter. 

The committee selected a series of 
five gloss or ename@ type paints which 
were chosen to covpr the range of con- 
sistency normally experienced in this 
type of paint. The paints were well 
aged and the samples distributed to the 
cooperating laboratories, which included 
the Titanium Division of National Lead 
Co., Krebs Pigment and Color Corp., 
The New Jersey ,Zinc Co., National 
Bureau of Standards, and the National 
Paint, Varnish and , Lacquer Association 
Laboratory. 

The results of the measurements ob- 
tained with the A.S.T.M. No. 10 cup 
and the No. 4 Ford cup are given in 
Table I. Since the Ford cup was avail- 
able to only two -of the laboratories, 


1 Standard Methods of | Nitrocellulose Clear 
quers and Lacquer Enamels 333 - 37), 1939 Book 
of A.S.T.M. Standards, Par II, p. 801. 


the data obtained are very meager. It 
is the opinion of the Work Committee 
that because of the sensitivity of meas- 
urements made with this type of instru- 
ment to the degree of agitation given 
the paint before measurement, the rela- 
tively limited range of consistencies 
that can be readily handled, and the 
necessity of close standardization, a 


TABLE I.—RESULTS OF CONSISTENCY TESTS ON 
FIVE PAINTS USING A.S.T.M. AND FORD CUPS. 


Consistency, sec. 


Paint |Paint {Paint |Paint |Paint 


A.S.T.M. Cup No. 10 


Krebs Pigment and 
Color Corp 
National Lead Co 
National Paint, Var- 
nish and Lacquer 
Assn 79.7 
National Bureau of 


155.5 
138.6 


113.5 | 94 
89.1 
55.0 

120 94 

123.3 | 88.0 

Maximum deviation 

from average, per 

35.3 | 37.5 


18.6 


Average deviation, 
per cent 19.1 


No. 4 


Krebs Pigment and 

Color Cor 127 
National Lead Co 110.4 
National Paint, Var- 


—_ and Lacquer 


New Zinc Co.. 
Average 
Average deviation, 


75.5 |118.7 
per cent “ 7.0| 5.8 


great deal of cooperative work would 
have to be carried out before a satis- 
factory procedure could be provided. 
The sensitivity of the measurement to 
the degree of agitation given the paint 
prior to testing is indicated by the fact 
that one of the laboratories, by its 
procedure, was unable to measure paints 
D and E with either cup. 


ard 
of 
an, 
x 
398.5 |660 
ones cove 
675 |560 
sos 
|533 
.6 | 26.7 | 22.6 
1 |o12 


The niet data obtained by these 

cooperating laboratories with the Gard- 

ner mobilometer and the Stormer vis- 
cosimeter are given in Tables II and 

III, respectively. In Table IV are tabu- 

lated the consistency measurements ob- 
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mobilometer expressing the consistency 
in terms of load in grams required to 
produce a shearing rate of 10 cm. in 
20 sec. These shearing rates were 
selected because they have been estab- 
lished as being in the significant range 


TABLE II.—RESULTS OF CONSISTENCY TESTS ON FIVE PAINTS USING GARDNER MOBILOMETER. 


tis 
“arcianl seped 


Consistency, time in seconds for loads given in grams 


Krebs Pigment and Color Corp.) .... | .. |....! 17 
Nationa] Lead Co. 30.5 
Nationa! Paint, Varnish and 

Lacquer Assn 26.6 | 19.4) 15.4/12.8 
National Bureau of Standards. . -5 | 28 (22 F 13.5 
New Jersey Zinc Co [eves] | 26/18 11 


Krebs Pigment and Color Corp.*| 19. 5 | 1 
National Lead Co. 
National Paint, 

Lacquer Assn. 
National Bureau of Standards. . 
New Jersey Zinc Co 


Varnish and 


Krebs Pigment and Color Corp.* 5 | 18 
National Lead Co. | 14. 7 | 
National Paint, Varnish and | 

cquer .| 24.2 | 15.5 | 
National Bureau of Standards..| . 
New Jersey Zinc Co 12 


Paint D 


Krebs Pigment and Color Corp.*| «.. | 47 
National Paint, Varnish and 

National Bureau of Standards..|.... | .. |.... 121 61 
New Jersey Zinc org 


Paint E 


68.5 |... 


Krebs Pigment and Color Corp.” 

National Lead Co 

National — Varnish and 

National of Standards. . | .. |----/275 [136 89 

New Jersey Zinc Co eves [£22 77 


57. $7.5 | 45 


19 116.5,13.5 


® Data by the Krebs laboratory is uncorrected for weight of the plunger. "Add 94 g. to the recorded load in grams. 


tained on the five paints with the as regards the painter’s judgment of 


Stormer viscosimeter expressed in terms 
of load in grams required to produce a 
shearing rate of 100 revolutions in 
30 sec. Similar data are presented for 
the results obtained with the Gardner 


consistency as determined with the 
spatula. In the case of the Gardner 
mobilometer the results are corrected 
to a single paint (paint C) taken as the 
standard and assigned a numerical 
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value of 100. This was done because The agreement between the labora- 
the correction factors for reducing to tories is found to be best with the 
terms of the master mobilometer were Stormer instrument. In the case of 
not available for all the instruments. the Gardner mobilometer, however, it is _ 


TABLE III.—RESULTS OF CONSISTENCY TESTS ON ote PAINTS USING THE 
STORMER VISCOSIMETER 


Consistency, time in seconds for load given in grams 


00] 150 | 196.2| 200 | 250 | 275 | 300 | 400 | 450 | 500 | 600 | 700 | 800 


Pamnt A 


Krebs Pigment and Color Corp................- | 24 


Krebs Pigment and Color Corp................. 
National Bureau of Standards.................. 
New Jersey Zinc Co................ | 27.5 .... | 2 


Krebs Pigment and Color Corp................. 38 | 28 oie) Lae 


Krebs Pigment and Color Corp................. 
Lea 


Krebs Pigment and Color 
National Lead Co. 

National Bureau of Standards.. = 


TABLE IV.—RELATIVE CONSISTENCY OF PAINTS, DATA FROM STORMER AND MOBILOMETER TESTS. 


: Consistency by Stormer Vis- Consistency by Gardner Mobil- 7 
: cosimeter, weight in grams to | ometer (20 in. Reading), weight » 
i produce shearing rate of in grams to produce shearing ~ 
; 100 revolutions in 30 in. rate of 10 cm. in 20 in. 
q 
Paint * aT 
Krebs 242 | 122 | 134 | 526 
234 | 136 | 139 | 532 
National Paint, Varnish and Lacquer Assn.. 
S. National Bureau of Standards ................... 
236 | 130 | 136 | 529 
f Maximum deviation, per cent................... 3.5 | 66 | 2.2 | 6.5 
Average deviation, per cent..................... 1.7 | 3.8 | 1.5 | 0.4 
e 
d In the case of the Stormer viscosimeter felt that with closer standardization of 
e reduction to a common basis was not the instruments and some further co- 
] found necessary since the results ob- operative work it could be made to © 


tained were in such close agreement. serve as a ne instrument on — 


a 
+ 
PAIN 
| 
Paint D 
Paint E 
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which to base a method of consistency 
measurement for the type of paint under 
consideration. 

In view of its general experience with 
these instruments and the good agree- 
ment of results obtained with the 
Stormer viscosimeter in this series of 
cooperative tests, the Work Committee 
is of the opinion that a satisfactory 
method of test for the consistency of 
gloss and enamel paints based on this 
apparatus can be provided at this time 
without further work. A Method of 
Test for Consistency of Enamel Type 
Paints is accordingly submitted here- 
with for publication as tentative. 


The committee feels that the rotational 
type of viscosimeter is the most universal 
as regards general utility of the common 
instruments now available and that for 
this reason it should be employed as the 
basic instrument in setting up consist- 
ency test methods. Optional methods 
employing the mobilometer and cups 
should be provided when feasible. 


Respectfully submitted on behalf of 
the subcommittee, 
E. F. Hickson, 
Chairman. 


2 This method was accepted as tentative by the Society 
and appears in the 1940 Supplement to Book of A.S T. M. 
Standards, Part II, p. 316. : 
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PETROLEUM PRODUCTS AND LUBRICANTS 


Committee D-2 on Petroleum Prod- 
ucts and Lubricants held three regular 
meetings during the past year (in June 
at Atlantic City, N. J., in January at 
Detroit, Mich., and in March at Wash- 
ington, D. C.). 

During the year the following sub- 
committees and technical committee 
have been organized: Subcommittee X 
on Determination of Naphtha and 
Chloroform Insolubles in Used Oils, 
Subcommittee XI on Determination of 
Sulfur, Chlorine, and Phosphorus in EP 
Lubricants, and Technical Committee C 
on Turbine Oils, with two sections, I on 
Oil Systems of Turbines, and II on 
Rusting. 

Table I shows the changes in status 
during the year of American standards 
and American tentative standards for 
petroleum products, approved by the 


American Standards Association on the 
recommendation of Sectional Committee 
Z11 on Petroleum Products and Lubri- 
cants. 

Subsequent to the 1939 annual meet- 
ing, Committee D-2 presented to the 
Society through Committee E-10 on 
Standards a revision of the Tentative 
Specifications for Fuel Oils (D 396- 
38 T). This revision was accepted! by 
Committee E-10 on August 24, 1939, 
and the specifications in their revised 
form appear in the 1939 Book of A.S. 
T.M. Standards.? 

The voting membership of Committee 
D-2 now consists of 34 producers, 31 


1In submitting this recommendation to Committee 
E-10 on Standards, Committee D-2 reported results of the 
letter ballot vote as follows: Of a total membership of 
75, 57 members returned their ballots, of whom 38 voted 
affirmatively, 7 negatively, and 12 members marked their 
ballots ‘“‘not voting.” 

2 1939 Book of AY S.TM. Standards, Part III, p. 586. 


TABLE I, 


Title 


A.S.T.M. Designation ASA Number 


REVISIONS OF AMERICAN STANDARDS 
Test for Burning ou uality of Kerosine Oils 
Test for Carbon 
Residue) 
Test for Cloud and Pour Points 
Test for Distillation of Natural Gasoline 


Test for Gravity of Petroleum and Petroleum Products by Means of the 


Hydrometer 
Test for Sulfur in Petroleum Oils by Bomb Method 
Test for Thermal Value of Fuel Oil 


APPROVAL OF AMERICAN TENTATIVE STANDARDS AS AMERICAN STANDARDS 


Test for Knock Characteristics of Motor Fuels 
Viscosity-Tem 


Definitions of Terms Relating to Petroleum 


REVISION OF AMERICAN TENTATIVE STANDARD 
Test for Color of Lubricating Oil and Petrolatum by Means of A.S.T.M. 


Union Colorimeter 


WITHDRAWAL OF AMERICAN TENTATIVE STANDARD 


Test for Expressible Oil and Moisture in Paraffin Waxes 


esidue of Petroleum Products (Conradson Carbon 


rature Charts for Liquid Petroleum Products 


D 187 - 39 
D 189 - 39 


-17 - 1939 


-25 1939 
-5 - 1939 
-11 - 1939 


-31 1939 
-13 - 1939 
-14 - 1939 


D 287 - 39 
D 129 - 39 
D 240 - 39 


D 357 - 39 
D 341 - 39 
D 288 - 39 


-37 1939 
-39 = 1939 
-28 - 1939 


D 155-39 T 34 1939 


D 308 - 29 T Z11.27 - 1932 
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TABLE II.—DATA ON DROPPING POINT TEST. 
A comparison of proposed tentative method and method published as information in 1937. Temperatures in deg. Fabr. 


Cup Grease 
(Lime Base) 


Fiber Grease 
(Soda Base) 


Wheel-Bearing Grease Grease 
(Soda Base) (Aluminum Base) 


1937 New 1937 


New 
Method | Method 


Maximum deviation 
from average 

Average deviation 
from average 


356° 
421 
409 


11(14) 
5 


_ ® The data in this tabulation represent in most cases the average of 2to4tests. Incases where the “maximum devia- 
tion from the average”’ of individual test results not shown in the tabulation exceeds the maximum deviation based upon 


laboratory averages, this value is shown in parentheses. 
Data omitted from averages. 


¢ In this tabulation there appears to bea change of dropping] point with time. Tests Nos. 2 to7 were 


made about 10 days, and tests by laborator:es Nos. 8 and 9 a! 


ut 20 days, after the test by 


boratory No. 1. A second 


test by laboratory No. 1 30 days after the first test gave a value of 220 F. 


consumers, and 12 general interest 
members. 

Subcommittee IV on Grease (M. B. 
Chittick, chairman) has proposed a new 
Tentative Method of Test for Dropping 
Point of Lubricating Grease and has 
submitted data as shown in Table II on 
the new method and on the method 
published as information in 1937. 


The subcommittee has also proposed a 
new method for determining water in 
grease, which is to be added to the 
Standard Methods of Analysis of Grease 
(D 128 - 37). The new procedure is 
more convenient and rapid than the 
present method. Comparative data on 
the proposed and present methods have 
been submitted as shown in Table III. 


TABLE III.—PERCENTAGE OF WATER IN LUBRICATING GREASE. 
A comparison of proposed new method and present A.S.T.M. method 


Sample A 


Sample B Sample C 


Laboratory : 
esen 
Method 


Proposed 


Present Proposed Present 
Method 


Method Method Method 


seen 


a 


Maximum deviation from 
average 
Average deviation from 


trace none 
trace none 
trace trace 
trace none 
trace none 
trace none 
trace none 
0.06 0.04 


|e 


4 ] 
ver: 
Method Method Method Metho 0 ethod cos 
209 355 327 443 241° 213 des 
210 351 318 442 234 
211 348 345 440 232 206 bas 
NY aoe, 210 350 342 437 443 226 204 
210 352 315 442 356° 229 215 wh 
211 206 350 312 445 416 219 205 Th 
349 348 407° | 316 225 212 
Average 209 209 351 330 442 420 23 209 the 
2(3) 4 5(8) 18 5 23(26) 6(9) cor 
an 
ing 
Un 
4 
Nu 
gus 
pos 
Nu 
Lu 
ma 
Th 
foll 
pre 
not 
eX( 
| 
} 1.12 0 30 
No 1.23 0.12 
No. 6 1.10 0.18 
1.10 0.40 A 
». 8 0.90 0.30 — 
1.07 0-37 | Ave 
0.27 0.33 
an 
on 
vise 
pub 


Viscosity Index and Viscosity Con- 
version Tables——The committee recom- 
mends that the Society arrange for the 
distribution of viscosity index tables? to 
avoid the necessity of computing vis- 
cosity index according to the procedure 
described in the new tentative method 
based upon the Dean and Davis system 
which is being presented for publica- 
tion, aS mentioned later in this report. 
The committee also recommends that 
the Society print detailed viscosity 
conversion tables* which will represent 
an extension of the short table appear- 
ing in the Standard Method for Conver- 
sion of Kinematic Viscosity to Saybolt 
Universal Viscosity (D 446 — 39). 

Subcommittee XIII on Neutralization 
Number and Saponification (H. P. Fer- 
guson, chairman) has prepared a Pro- 
posed Method of Test for Neutralization 
Number of Petroleum Products and 
Lubricants which is published as infor- 
mation only and appears in Appendix I. 
The subcommittee has submitted the 
following data obtained by the use of the 
proposed method on used oils which do 
not emulsify badly or color alcohol 
excessively : 


Neutralization Numbers of 
Used Oils 
Laboratory 
Sample | Sample | Sample 
10 12 

0.37 0.09 0.19 

0.40 0.09 0.18 

0. 0.12 0.22 

ESOS 0.37 0.10 0.22 

SAP 0.50 0.13 0.19 

0.46 0.12 0.23 

0.43 0.13 0.26 

0.415 | 0.115 0.227 
Average Deviation...... 0.035 0.014 0.026 


Also, comparative data by the proposed 
and present methods have been obtained 
on two new oils as follows: 


*In accordance with this recommendation, the 
viscosity index and viscosity conversion tables have been 
published separately by the Society. 
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Neutralization Numbers of New Oils i 
(Alkali added in 0.1-ml. increments) 


Laboratory 


Sample 1 Sample 2 


Proposed | Method Proposed | Method _ 
Method Method 188- -271T 


eee 0.79 0.84 2.39 | 2.38 
0.83 | 0.83 |- 2.40 | 2.40 


X VI. II on Aniline Point 
(Eugene Ayres, chairman) has prepared 


a Proposed Method of Test for Aniline _ 


Point of Petroleum Products which is 
published as information only and 
appears in Appendix IT. 

Subcommittee XXIII on Carbon Resi- 
due (L. C. Beard, Jr., chairman) has 
recommended a revision‘ of the Tenta- 
tive Method of Test for Carbon Residue 
of Petroleum Products (Ramsbottom 
Carbon Residue) (D 524-39T), sub- 
stituting a metal coking bulb for the 
glass bulb described in the present 
method. The metal coking bulb has 
advantages over the glass bulb, as fol- 
lows: It is easier to weigh the sample 
into the metal bulb; it can be manu- 
factured to closer tolerances; and it is 
more economical to use because it can 
be easily cleaned and used repeatedly. 
The following comparative data are 
submitted demonstrating that the dif- 
ferences in results with the two types 
of bulbs are within the limits of repro- 
ducibility of the method: 


Comparison of Metal and Glass Bulbs 


Number | B 
Range of Carbon Residues, poy, 
per cent minations Values, average, 
per cent 
20 


Metal-Bulb Values - Glass-Bulb Values 


Glass-Bulb Values 
> One einen obtained consistently lower values 
with the metal bulb on samples in this range of carbon 
residue only. ‘The data in this line exclude the data from 
this laboratory. 


4 The revision of this method was accepted as tentative 
by the Society and appears in the 1940 Supplement to Book 
A.S.T.M. Standards, Part III, p. 198. 
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The revision of the method also con- 
tains a provision for determining carbon 
residues on a 10 per cent residuum simi- 
lar to that in the Standard Method of 
Test for Carbon Residue of Petroleum 
Products (Conradson Carbon Residue) 
(D 189-39). The following tabulation 
contains data for carbon residues on 10 
per cent residua by both methods. 
There is good agreement between the 
data obtained with the glass and the 

metal bulbs: 


Carbon Residues on 10 per cent 
Residua 


Laboratory 


Carbon 


esidues Conradson 


Carbon 
Residues 


Glass Bulb | Metal Bulb 


0.22 (6)* 


_ * Numbers in parentheses indicate number of deter- 
minations made by each laboratory. 


Technical Committee F on Diesel Fuel 
Oil (C. G. A. Rosen, chairman) has 
prepared revisions of the Proposed 
"Method of Test for Ignition Quality of 
- Diesel Fuels and the Classification of 
Diesel Fuel Oils, which were published 
as information in the 1938 annual re- 
port;® these are again published as in- 
formation only and appear in their 
revised form in Appendices III and IV. 


I. New TENTATIVE STANDARDS 


The committee recommends that the 
following three methods be accepted for 
publication as tentative: 


Tentative Methods of :* 


Test for Carbonizable Substances in White 

Mineral Oil (Liquid Petrolatum), proposed by 

Subcommittee I on Pharmaceutical Tests (V. F. 
Beyer, chairman), 

_ Test for Dropping Point of Lubricating 
Grease, proposed by Subcommittee IV on 
Grease (M. B. Chittick, chairman), and 

: ’ Proceedings, Am. Soc. Testing Mats., Vol. 38, Part I, 
pp. 392, 398 (1938). 

* These methods were accepted as tentative by the So- 
ciety and appear in the 1940 Supplement to Book of 


aa Standards, Part III, pp. 201, 208, and 224, respec 
tively. 


or CommitrEE 


Calculating Viscosity Index, proposed by 
Subcommittee V on Viscosity (J. C. Geniesse, 
chairman). 


II. REvis1ions OF TENTATIVE 
STANDARDS 


The committee recommends revisions 
of five tentative standards, as follows: 


Tentative Method of Test for Carbon 
Residue of Petroleum Products (Rams- 
bottom Carbon Residue)(D 524 — 39 T):' 


A revision’ of this method as men- 
tioned earlier in this report is recom- 
mended by Subcommittee XXIII on 
Carbon Residue (L. C. Beard, Jr., 
chairman). 


Tentative Method of Test for Distillation 
of Plant Spray Oils (D 447 - 39 T): 


The following revision is recommended 
by Subcommittee XVII on Plant Spray 
Oils (J. B. Terry, chairman) to provide 
for the alternative use of an electric 
heater instead of a gas burner in carry- 
ing out the distillation: 

Section 2.—Add a new Paragraph (f) 
to read as follows, relettering the subse- 
quent paragraphs accordingly: 


(f) Electric Heater.—An electric heater which 
may be used instead of a gas burner provided it 
is equipped with a hard asbestos board not less 
than } in. in thickness and 6 in. square, with a 
hole 22 in. in diameter centered over the heating 
element. The general characteristics of the 
electric heater shall be such that the results 
obtained by its use in distillation will duplicate 
those obtained with the gas burner conforming 
to the requirements prescribed in Paragraph (e). 
When an electric heater is used, that portion of 
the shield below the asbestos plate may be 
omitted. 


Tentative Method of Test for Vapor Pres- 
sure of Petroleum Products (Reid 
Method) (D 323 —- 39 T): 


The following revisions are recom- 
mended by Subcommittee XXII on 


7 1939 Book of A.S. 
8 1939 Book of A.S. 
9 1939 Book of A.S. 


.M. Standards, Part III, p. 596. 
. Standards, Part III, p. 608. 
. Standards, Part III, p. 637. 
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Natural Gasoline (G. G. Oberfell, chair- 
man) to clarify the description of the 
apparatus and to permit more rapid 
sampling: 

Section 2 (e).—Omit the second and 
third sentences of this paragraph and 
substitute for them the following sen- 
tence: 

In determining the volume ratio, the volumes 
of the air and gasoline chambers shall be ascer- 
tained by carefully measuring the volume of 
water required to fill that portion of the cham- 
bers occupied by air or gasoline on initial 
assembly of the apparatus. 

Section 8.—Change the first sentence 
to read as follows by the addition of the 
italicized words and figures and the 
omission of those in brackets: 

The chilled sampling apparatus shall consist 
of a bath of sufficient size to accommodate both 
the sample container and a cooling coil [formed 
of }-in. outside diameter, No. 20 gage copper 


tubing] of about 25 ft. of copper tubing, } in. or 
less in outside diameter. 


Tentative Method of Test for Gum Sta- 
bility of Gasoline (D525 —- 39 T):'° 
The following revisions are recom- 

mended by Technical Committee A on 

Gasoline (C. B. Veal, chairman) to 

correct an error in one dimension of the 

bomb and to provide a more general 
requirement for gasket material. 

Fig. 1.—Change the description, 
“Octagon 2%” Across Flats” to read 
“Octagon 2§” Across Flats.” 

Section 2 (a).—Change the second 
sentence from its present form: namely, 

2. (a) The composition of the gasket shall 


be approximately 80 per cent lead, 10 per cent 
antimony, and 10 per cent tin. 


to read as follows: 


2. (2) Any suitable gasket may be used that 
will not react with oxygen.* 


. * Reactivity with oxygen is determined by the follow- 
ing test: Place the gasket under test in the bomb in the 
absence of gasoline and use a gasket of similar composition 
inthe attachment of thecover. Fill the bomb with oxygen 
to a pressure of 100 psi. and immerse the bomb in a bath 
Maintained at a temperature of 211.5 + 0.5 F. If the 
Pressure does not drop more than 2 lb. in a 24-hr. period, 


gasket may be considered nonreactive in the presence 
of oxygen. 


10 1939 Book of A.S.T.M. Standards, Part III, p. 611. 
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Tentative Specifications for 
(D 439 — 37 T)™ 


The following revisions are recom- 
mended by Technical Committee Aon | 


Gasoline 


Gasoline (C. B. Veal, chairman) to 


clarify the heading of Table I and to 
revise the octane number requirements 


practice: 
Table I.—Change the heading over the 


distillation temperatures to read as 


follows: 


Minimum Percentages to be Evaporated at 
Temperatures, deg. Fahr., Shown Below 
10 per cent 50 per cent 90 per cent 

Change octane numbers of 75, 67, and 
45 to read 77, 70, and 50, respectively, 
wherever they occur in the table. 


read ‘‘1940” in footnotes and “‘d’’. 


Change the reference to ‘1937” a : 


III. REVISIONS OF STANDARDS a 


The committee recommends for im- 
mediate adoption, revisions in eight 
standard methods of test, as indicated 
below, and accordingly asks for the 
necessary nine-tenths vote at the annual 
meeting in order that these modifica- 
tions may be referred to letter ballot of 
the Society. 


Standard Method of Test for Distillation 
of Gasoline, Naphtha, Kerosine, and 
Similar Petroleum Products (D 86 - 
38) 312 
The following revisions are recom- 

mended by Subcommittee VIII on 

Distillation (E. W. Dean, chairman) to 

make the description of the condenser 

less restrictive without affecting the 
results and to emphasize the importance 
of specifying whether the distillation 
data are reported as volumes recovered 
or volumes evaporated: 

Section 2 (b).—Change from its pres- 
ent form to read as follows: 

(b) Condenser.—A condenser (Fig. 2 shows 

one of the approved types) 3 in. (14.29 mm.) 

~~11 4939 Book of A.S.T.M. Standards, Part III, p. 589. 


12 1939 Book of A.S.T.M. Standards, Part III, p. 117. R. 7 ry 
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of the bath at its exit. 


to the points of entrance and exit. 


brass tubing, 22 in. "(55.88 cm.) in 


- length. It shall be set so that approximately 
15.5 in. (39.4 cm.) of the tube will be in contact 
with the cooling medium contained in the con- 
denser jacket, subsequently described, with 
about 2 in. outside the cooling bath at the 
upper end, and 4.5 in. outside the cooling bath 
- atthelowerend. The length of tube projecting 
_ at the upper end shall be straight and shall be 
set at an angle of 75 deg. with the vertical. 
The section of the tube inside the cooling bath 
may be either straight or bent in any suitable 
continuous, smooth curve. The average gradi- 
ent shall be 0.259 in. per linear inch of con- 
denser tube (sine of angle of 15 deg.) and no 
section of the immersed portion of the condenser 
tube shall have a gradient less than 0.24 in. nor 
more than 0.28 in. per linear inch of tube. The 
projecting lower portion of the condenser tube 
shall be curved downward for a length of 3 in. 
(7.62 cm.) and slightly backward so as to insure 
contact with the wall of the receiving graduate 
at a point approximately 1 to 1} in. (2.54 to 
3.18 cm.) below the top of the graduate when it 
is in position to receive the distillate. The 
lower end of the condenser tube shall be cut off 
at an acute angle. The capacity of the cooling 


bath shall be not less than 340 cu.in. (5.55 liters) 


of cooling medium. The arrangement of the 
tube in the cooling bath shall be such that its 
center line shall be not less than 1} in. below the 
plane of the top of the bath at its point of 
entrance and not less than ? in. above the floor 
Clearances between the 
condenser tube and the walls of the bath shall 
be at least 4 in. except for the sections adjacent 
Multiple 
installations are permissible, provided they 
conform to the dimensional requirements and 
the capacity of the bath is not less than 340 
cu.in. per tube. 


Section 4 (h).—Add the following 
sentence at the end of this paragraph: 


Clear distinction shall be made between the 
inclusion or exclusion of the distillation loss 
figure in the report of the volume of distillate 
obtained at any prescribed temperature. In the 
first case the figure shall be reported as the 
- volume evaporated, in the second, as the volume 


of Natural Gasoline (D 216 - = 13 


The following revisions are recom- 
mended by Subcommittee XXII on 


7 13 1939 Book of A.S.T.M. Standards, Part III, p. 127. 
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Natural Gasoline (G. G. Oberfell, chair. 
man) to make the description of the 
condenser less restrictive without affect- 
ing the results, to improve the repro- 
ducibility of the initial portion of the 
distillation, and to emphasize the im- 
portance of specifying whether the dis- 
tillation data are reported as volumes 
recovered or volumes evaporated: 


Section 2 (b).—Make the same change 
in this paragraph as is recommended 
above in Section 2 (6) of Method D 86. 

Section 4 (e).—Change to read as fol- 
lows by the addition of the italicized 
words and the omission of those in 
brackets: 


(e) The thermometer [provided with a cork], 
previously cooled to a temperature of 32 to 40 F. 
(0 to 4.5 C.) and dried, shall be fitted tightly into 
the flask with a suitable cork so that it will be in 
the middle of the neck, and so that the lower 
end of the capillary tube is on a level with the 
inside of the bottom of the vapor outlet tube at 
its junction with the neck of the flask. [The 
thermometer shall be approximately at room 
temperature when placed in the flask.] 


Section 5 (g).—Make the same change 
in this paragraph as is recommended 
above in Section 4 (4) of Method D 86. 


Standard Method of Test for Flash Point 
by Means of the Pensky-Mariens 
Closed Tester (D 93 — 36):" 


The following revision is recommended 
by Subcommittee XII on Flash Point 
(J. B. Terry, chairman): 

Section 8.—Change the rate of heating 
in the third sentence from “‘not less than 
4 nor more than 6 F. per min.” to read 
“not less than 2 nor more than 3 F. per 
min.” 

This reduction in rate results in a more 
nearly accurate measurement of tem- 
perature and gives more reproducible 
results. Slightly higher flash points are 
obtained with the slower heating, usually 
in the order of 2 to 4 F. 


4 1939 Book of A.S.T.M. Standards, Part III, pp. 139. 
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Standard Methods of Analysis of Grease 
(D 128 - 37):18 


The following new method of deter- 
mining water is recommended by Sub- 
committee IV on Grease (M. B. Chit- 
tick, chairman): 

Section 21.—In place of the present 
Section 21, which calls for a determina- 
tion of water in accordance with Stand- 
ard Method of Test for Water in 
Petroleum Products and Other Bitumi- 
nous Materials (D 95-30), substitute the 
method for water as appended hereto:'® 


Standard Method of Test for Knock 
Characteristics of Motor Fuels (D 357 - 
39) 
The following revisions are recom- 

mended by Technical Committee A on 

Gasoline (C. B. Veal, chairman) to 

provide a procedure for use of the 

method at low barometric pressures. 
Section 1.—Omit the last sentence 
which reads as follows: 


It is applicable only at atmospheric pressures 
not less than 28.5 in. (724 mm.) of mercury. 


Section 3.—Change the first sentence 
to read as follows by the addition of the 
italicized words: 

The knock testing unit described in this 
section shall be used without modification aé 
atmospheric pressures not less than 28.5 in. (724 
mm.) of mercury; the modifications for lower 
aimospheric pressures are given in Appendix II. 

Change the last sentence of Paragraph 
(t) to read as follows by the addition 
of the italicized words and the omission 
of the words and figures in brackets: 

The use of a short stiaight-through muffler, 
or equivalent, with passage [1} in. in diameter] 
not less than the diameter of the exhaust pipe is 
permissible. 

Section 6—Omit Note 3 following 
Paragraph (b) of this section. 

Change Paragraph (g) to read as 
follows by the addition of the italicized 


1939 Book of A.S.T M. Standards, Part pp. 159, 


170 
* This revision was adopted as standard by the Society 

and has been incorporated in the methods which appear in 

the 1940 Supplement to Book oi A.S.T.M. Standards, Part 
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— 


words and the omission of those in _ 
brackets: - 


(g) Standard Knock Intensity.—Standard 
knock intensity shal] be that obtained with a 4 
blend by volume of 65 per cent isooctaneand35 ts 
per cent normal heptane under the standard 
operating conditions of this method and at a 
compression ratio [of 5.3 to 1 and a barometric 
pressure of 29.92 in. (760 mm.) of mercury (see 
Section 8)] obtained by calculation in accordance 
with the formula given in Section 8. 


Change Paragraph (p) to read as fol- 
lows by the addition of the italicized — 
words: 


(p) Cooling Liquid.—Distilled water or rain 
water shall be used to maintain jacket temperature 
when barometric pressure is sufficient to obtain 
standard temperature. Al lower barometric pres- 
sures add sufficient ethylene glycol to water to 
obtain standard jacket temperature. 


Sections 8 and 10.—At the end of the 
formulas and preceding Note 7 in Sec- 
tion 8, and preceding Section 10 (c), add 
a new paragraph to read as follows: 


For barometric pressures less than 28.5 in. 
(724 mm.) of mercury substitute the basic 
barometric pressure given in Appendix II corre- 
sponding to the venturi size for the value of 
29.92 in the formula. 


Omit Note 8 following Section 8. 


A ppendix.—Designate the present ap- 
pendix as Appendix I and add a new 
Appendix II to read as follows: =~ 


AppENDIx II 


For engines which operate at high altitudes, it 
is necessary to modify the test conditions to | 
compensate for changes in atmospheric pressure. 
Where the atmospheric pressure is less than 

28.5 in. (724 mm.) of mercury, the following — 
modifications shall be made: , 

Carburetor.—The size of the venturi (Section — 

3 (0)) shall be governed by the altitude (see __ 
Table I). ot 

Throttle Plate-—The throttle plate (Section 
3 (p)) shall be removed. 

Standard Knock Intensity and Check of Test 
Conditions.—In determining the standard knock _ 
intensity (Section 8) and in the checking of test 
conditions (Section 10 (b)) the corresponding 
barometric pressures obtained from Table I 7 
shall be substituted for the value of 29.92 in. 
(760 mm.) of mercury. 
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TABLE I. 


Basic Baro- 
Nearest Venturi Size, | metric Pressure, 

Altitude, ft. iameter, in. Inches of 

Mercury 


* At this altitude and venturi size diameter the throttle 
yee prescribed in Section 3 (p) of this method shall be 
in place. 


Standard Method of Test for Precipitation 
Number of Lubricating Oils (D 91- 
35)!" and 

Standard Method of Test for Water and 
Sediment in Petroleum Products by 
Means of Centrifuge (D 96 — 35): 


The following revisions are recom- 
mended by Subcommittee XIV on Water 
and Sediment (H. R. Gundlach, chair- 
- man) to improve the calibration of the 
cone-shaped centrifuge tube employed 
these two methods: 

Centrifuge Tubes.—Change the cali- 

bration requirements in the range 1 to 3 
_ mil. to read as follows by the addition of 
the italicized requirements and the 

- omission of those in brackets: 


Scale Division, Limit of Num- 
ml. rror, ml. bered, ml. 


Standard Method of Test for Water in 
Petroleum Products and Other Bitumi- 
nous Materials (D 95 — 30):'8 
Two revisions in this method are also 
recommended by Subcommittee XIV. 
A change in the scope of the method is 
submitted because of the proposal to 
employ a different method for determin- 
ing water in grease. A revision in the 
calibration of the centrifuge tube is also 
recommended to bring the method into 
conformity with a change in the Stand- 
17 1939 Book of A.S.T.M. Standards, Part III, pp. 187, 
755-'s 1939 Book of A.S.T.M. Standards, Part IIL, p. 230. 


x 
ard Methods of Testing Emulsified 
Asphalts (A.S.T.M. Designation: D 244) 
as proposed by Committee D-8 on Bi- 
tuminous Waterproofing and Roofing 
Materials. This latter revision is being 
recommended jointly with Committee 
D-4 on Road and Paving Materials. 


Section 1.—Add a new note to this 
section to read as follows: 


Nore.—For the determination of water in 
grease reference should be made to the pro- 
cedure described in the Standard Methods of 
Analysis of Grease (A.S.T.M. Designation: 
D 128) of the American Society for Testing 
Materials." 


Section 5 (a).—In the note following 
this section change the last sentence to 
read as follows, by the addition of the 
italicized words and figures and the 
omission of those in brackets: 


This tube shall be graduated from 0 to 
[25 ml.] 2 ml. in 0.1-ml. divisions and from 2 
to 25 ml. in 0.2-ml. divisions (see Fig. 3 (c) of 
the Standard Methods of Testing Emulsified 
Asphalts (A.S.T.M. Designation: D 244) of 
the American Society for Testing Materials). 


The committee recommends a tenta- 
tive revision of the following standard 
method: 

Standard Method of Test for Distillation 
of Crude Petroleum (D 285 — 36): 
Subcommittee XXI on Crude Pe- 
troleum (A. J. Kraemer, chairman) 
recommends a tentative revision of this 

method as follows: 

Special Procedure-—Introduce a new 
Section 8 to read as follows: 


8. Special Procedure for Obtaining Large 
Volumes of Distillate—If it is necessary to 
obtain quantities of distillate large enough for 
octane ratings or other special tests, the follow- 
ing procedure may be used: A charge of crude 
oil shall be distilled in equipment of suitable size 
to provide the desired amount of naphtha dis- 
tillate in a single run or in a small number of 
runs. The equipment shall be so designed and 
operated that it duplicates both the yield and 


19 1939 Book of A.S.T.M. Standards, Part III, p. 112. 
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the quality of the distillate obtained by use of Spray Oils (J. B. Terry, chairman), | 
the regular procedure with a 300-ml. charge. slightly revised as follows: 
The following criteria shall be considered in Secti 3 ( ).—Ch ie: Gest dem. 
deciding whether the two procedures give f ange 
equivalent results: tence to read as follows by the addition 
(a) Yields of naphtha distillate shall not of the italicized word and figure and the 
differ by more than 1 per cent. omission of the figure in brackets: 
(b) The distillation curves of the naphtha A suitable centrifuge capable of whirling two 


fractions shall not differ at any point by more _ test bottles filled with acid at a speed of [1000] 
than 2.0 per cent. 500 rpm. 


TABLE IV.—ANALYSIS OF LETTER BALLOT VOTE. 


Items Affirmative Negative 
“Not “Voting” 


I. New TENTATIVE STANDARDS 
™ oa Carbonizable Substances in White Mineral Oil (Liquid Petro- 


Test Yon Dropping Point of Lubricating Grease 
Method of Cale ulating Viscosity Index 


II. Revisions OF TENTATIVE STANDARDS 
Test for Carbon Residue of Petroleum Products (Ramsbottom Carbon 
Residue) (D 524 - 39 T) 
Test for Distillation of Plant Spray Oils (D 447 - 39 T) 
Test for Vapor Pressure of Petroleum Products (Reid Method) (D 323 - 


So 


39 
Test for Gum Stability of Gasoline (D 525 - 39 T) 
Spec. for Gasoline (D 439 - 37 T) 


III. REvistons OF STANDARDS 

Test for Distillation of Gasoline, Naphtha, Kerosine, and Similar Petro- 
leum Products (D 86 - 38), immediate adoption 

Test for Distillation of Natural Gasoline (D 216 - 39), immediate adoption. 

Test for Flash Point by Means of the Pensky-Martens Closed Tester 
(D 93 - 36), immediate adoption 

Analysis of Grease (D 128 - 37), immediate adoption 

= for Knock Characteristics of Motor Fuels (D 357 - 39), immediate 
adoption 

Test for Precipitation Number of Lubricating Oils (D 91 - 35) , immediate 


we > 


» 


7 


Test for Water and Sediment in Petroleum Products by Means of Centri- 
fuge (D 96 - 35), immediate adoption 

Test for Water in Petroleum Products and Other Bituminous Materials 
(D 95 - 30), immediate adoption 

Test for Distillation of Crude Petroleum (D 285 - 36) 


IV. Apoption or TENTATIVE STANDARDS AS STANDARD 

Test for Unsulfonated Residue of Plant — Oils (D 483 - 38 T), as - 
ong 40 24 
52 12 


IV. ADOPTION OF TENTATIVE Section 4.—In the second sentence of 
STANDARDS AS STANDARD Paragraph (f) change the speed of 
whirling from “1000 rpm.” to read 


The committee recommends that the “500 rpm.” 


following two tentative standards be Change the second sentence of Para- 
approved, as revised, for reference to 


ree , graph (g) to read as follows by the addi- 

letter ballot of the Society for adoption tion of the italicized figure and the 
omission of the figure in brackets: 

Tentative Method of Test for Unsul- The value so obtained is the percentage of 

fonated Residue of Plant Spray Oils unsulfonated residue, and shall be reported to 

(D 483 — 38 T), on the recommenda- the nearest [0.1] 0.2 per cent. 
tion of Subcommittee XVII on Plant Tentative Specifications for Stoddard Sol- 
vent (D 484-38 T),”* on the recom- 


* 1939 Book of A.S.T.M. Standards, Part III, p. 634. 21 1939 Book of A. S. T. M. Standards, Part III, p. 592. 
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mendation of Technical Committee D 
on Stoddard Solvent (L. E. Jackson, 
chairman), slightly revised as follows: 


Section 4 (c)—Add a new sentence 
after the second sentence of the para- 
_ graph on procedure to read as follows: 


REPORT OF COMMITTEE D-2 


“40 


Test for Consistency of Lubricating Greases 
and Petrolatum (D 217 -38T), 

Test for Sediment in Fuel Oil by Extraction 
(D 473 - 38 T), and 

Test for Sulfur in Petroleum Oils by Lamp 
Method (D 90 - 34 T). tet 


It is recommended that these tentative 
standards be continued in the tentative 
status because further work on them is in 
progress or in prospect. 


Observe within a 2-min. period. 


Section 4 (d).—Change the third 
sentence of the paragraph on procedure 
to read as follows by the addition of the 
italicized words and the omission of 


those in brackets: The recommendations appearing in 


this report have been submitted to letter 
ballot of the committee which consists 
of 77 voting members, with the results 
shown in Table IV. 


Add from a graduate 20 ml. of c.p. sulfuric 
s [(sp. gr. 1.83 to 1.84 at 20 C; approximately 


93.2 per cent)] (93.2 + 0.3 per cent concentration 
by titration) previously cooled in ice water for 
min. 
‘Tn the sixth sentence of the paragraph 
_ on procedure change the shaking time 
_ specified from “1 min.” to read “60 + 
sec.” 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


Following the seventh sentence of the 


_ paragraph on procedure add a new sen- 


This report has been submitted to 
tence to read as follows: 


letter ballot of the committee which con- 
sists of 77 voting members; 64 members 
returned their ballots, of whom 63 have 


voted affirmatively and 0 negatively. 


A centrifuge may be used when it is desired to 
avoid the loss of time required for standing 
overnight. 


V. TENTATIVE STANDARDS CON- 


The following tentative standards 
the committee, 
_ have remained in the tentative status TAB 
for two years or without revision: 
Chairman. 
PET 


R. P. ANDERSON, 


Secretary. 


(D 482 - 38 T), 
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to indicate in petroleum products and 
lubricants and compounded products 
the presence of organic constituents hav- 
ing acid characteristics, and the con- 
tamination by alkalies and mineral acids. 


Scope ait 


Neutralization Number 


2. (a) Neutralization Number.—Neu- 
tralization number is the number of mil- 
ligrams of potassium hydroxide required 
to neutralize one gram of sample. 


Note.—Neutralization number expresses 
the total amount of the mineral acid, and of the 
organic constituents having acid characteristics. 


(b) Alkali Neutralization Number.— 
Alkali neutralization number is defined 
as the weight of acid required to neutra- 
lize one gram of sample, expressed in 
equivalent milligrams of potassium hy- 
droxide. 

(c) Mineral Acid Neutralization Num- 
ber—Mineral acid neutralization num- 


tiny proposed method is under the jurisdiction of the 
AS.T Committee D-2 on Petroleum Products and 

* This proposed method represents a revision that is 
under consideration by the committee of the Tentative 
Method of Test for Neutralization Number of Petroleum 
Products and Lubricants 188 - 1939 Book of 
AS.T.M. Standards, Part ITI, p. 617 


PROPOSED METHOD OF TEST FOR NEUTRALIZATION NUMBER 
OF PETROLEUM PRODUCTS AND LUBRICANTS!:? 
This is a proposed method and is published as information only. 


Comments are solicited and should be addressed to the American 
Society for bi Materials, 260 S. Broad St., Philadelphia, Pa. 


ber is the number of milligrams of 
potassium hydroxide required to neu- 
tralize the mineral acid content in one 


gramofsample. 


is 
ris 

3. The apparatus shall consist of the 
following: 

(a) Erlenmeyer Flask——An Erlen- 
meyer flask of 250-ml., capacity, made 
of heat-resistant glass. 

(b) Burette—A burette of any con- 
venient capacity (5 ml. or greater) 
graduated in not greater than 0.1-ml. 
subdivisions. 

(c) Balance.-A platform balance ac- 
curate to at least 0.1 g. 

(d) Hot Plate——A hot plate capable 
of heating samples from room tempera- __ 
ture to boiling within 5 min. PG 


Apparatus 


Special Solutions Required 


4. (a) Aqueous Potassium Hydrox- 
ide (1 ml. = 5 mg. of KOH).—Dissolve 
5.1 g. of c.p. potassium hydroxide in 1 
liter of freshly boiled and cooled distilled 
water. Add a very small amount of 
barium hydroxide, sufficient to precipi- 
tate any potassium carbonate present. 
Standardize this alkali solution against 
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solution of benzoic acid (prepared from 
National Bureau of Standards’ standard 

sample 39e) in the alcohol described 
: in Paragraph (c), using phenolphthalein 
as the indicator. Titrate without heat- 


ing. Correct the titration by running 
| = blank on the same amount of alcohol, 
containing no benzoic acid. Adjust the 


. 1 ml. contains 5 mg. of KOH (equivalent 
to 10.88 mg. of benzoic acid). 

_ Nore.—Fit the solution bottle with a guard 

& of soda lime to prevent access of carbon 


dioxide. The solution should be restandardized 
at necessary intervals. 


(b) Diluted Sulfuric Acid (1 ml. = 
5 mg. of KOH).—Adjust a c.p. sulfuric 
acid solution so that 1 ml. of the acid 
will be required to neutralize 1 ml. of 
the standard alkali, using phenolphtha- 
- lein as indicator, and titrating in a 
boiling solution. 
Neutralized Alcohol Solution.— 
Prepare this solution by using c.p. 
95 per cent ethanol to which has been 
§ added 10 per cent by volume of methanol 
(Note). Make a mixture using one 
volume of the alcohol diluted to two 
volumes with distilled water, and bring 
to the boiling point. Remove from the 
_ hot plate, and carefully neutralize while 
_ hot with the aqueous potassium hydrox- 
_ ide, using 1 ml. of phenolphthalein as 
the indicator. 
Note.—This composition is available under 
- the name of: “U. S. Treasury Dept. Spe- 
cially Denatured Formula 30 (Regulation No. 


3—1938).” Formula 3A plus 5 per cent meth- 
anol is an equivalent. 


(d) Phenolphthalein Indicator.—Dis- 

solve 10 g. of the indicator in 1 liter 

of either 95 per cent pure ethanol, or 

_ 95 per cent ethanol to which 10 per cent 

by volume of methanol has been added. 

(e) Methyl Orange Indicator.—Dis- 

_ solve 1 g. of the indicator in 1 liter of 

_ distilled water. Use 0.1 ml. of this 
strength for titration. 


Neutralization Number 


5. (a) Procedure—Weigh 20 + 0. 1 g. 
of a representative sample into an 
Erlenmeyer flask. Add 100 ml. of the 
neutralized alcohol solution and 1 nl. 
of the phenolphthalein indicator. Agi- 
tate the mixture by vigorous swirling 
in the unstoppered flask, place on the 
hot plate, and heat to boiling. Agitate 
by swirling during the heating process 
at intervals of 30 sec., or more fre- 
quently if necessary, to prevent bump- 
ing. When boiling begins, remove the 
flask from the hot plate and agitate the 
mixture by vigorous swirling for a 
period of 1 min. Then introduce 0.1 
ml. of the KOH solution, agitate by 
vigorous swirling for 5 sec. (or longer if 
necessary to obtain thorough mixing as 
indicated by the absence of red streaks 
in the alcohol layer), and let the flask 
stand on an insulating base (such assheet 
asbestos) until the sample and alcohol 
have separated sufficiently to permit a 
clear observation of the color of the alco- 
hol layer. The color of this layer may 
best be observed by raising the flask and 
tipping at an angle. For satisfactory 
observations, good daylight or a daylight 
lamp should be employed. Do not 
allow the flask to stand between agita- 
tion and the next addition of alkali 
longer than is required for observation 
of the alcohol layer. If this layer is not 
pink, continue the titration as rapidly as 
possible by the addition of 0.1-ml. 
portions of the alkali, agitating and 
settling as described above until a 
pink color is observed. Then reheat 
the mixture to boiling, and agitate by 
swirling for an additional 30 sec If 
the color persists, the total amount of 
alkali added represents the amount re- 
quired to neutralize the acid contained in 
20 g.ofthe sample. If the color disap- 
pears, add alkali in 0.1-ml. portions 
(Note), agitating in each case for 5 sec. 
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(or longer if necessary) as before. When 
the faint pink color is again obtained, 
heat the sample to boiling, and swirl 
for 30 sec. Repeat the above procedure 
until the pink coloration persists after 
reheating and swirling for 30 sec. It is 
important to make a careful observation 
of any color change in the alcohol layer 
as the faint pink color may be masked 
by color from oil dissolved in the alcohol. 
In all cases, carry the titration a little 
beyond the first pink coloration to 
ascertain whether the true end point 
has been reached. If the addition of a 
small amount of alkali increases the 
intensity of the pink color, the point 
at which the color change was observed 
represents the end point, and the quan- 
tity of alkali added to the solution to 
bring about this first change or faint 
pink color shall be recorded as the num- 
ber of milliliters of alkali required to 
neutralize 20 g. of the sample. 

Note.—If a new oil is being titrated, and if 
the neutralization number is expected to be 
0.10 or lower, a more precise value may be 


obtained by adding the alkali required for titra- 
tion in 0.05-ml. portions. 


(b) Calculation.—Calculate the neu- 
tralization number of the sample as fol- 
lows: 


Neutralization pitiiliters of KOH X 5 
weight of sample 


Alkali or Mineral Acid Neutralization 
Number’ 


6. (a) Procedure——Introduce 25 to 
50 + 0.1 g. of a representative sample 
into a 250-ml. separatory funnel, and 
add 100 ml. of boiiing distilled water. 
Shake vigorously and, after sample and 
water have separated, drain the water 
layer into a 500-ml. casserole. Wash the 


* When the oil is acid, the acidity shall not be reported 
as sulfuric acid or hydrochloric acid unless the presence of 
these acids shall have been confirmed by tests. 


sample in the separatory funnel twice by 
vigorously shaking with 50-ml. portions of 
boiling distilled water and, after separa- 
tion, drain into the casserole. To the 


accumulated 200 ml. of water. add : 


If the addition of 1 drop of phenol- 


drop of phenolphthalein solution and 
bring to boiling. If solution turns pink, 
add 1 ml. of the indicator and titrate 
with the standard diluted sulfuric acid 
until the solution is colorless. 


phthalein causes no change in color, add 
0.1 ml. of methyl orange. If color 
changes to red or pink, titrate with the 
KOH solution until the red color is just 
discharged. 

Titrate an equal volume of distilled 
water with the standard solution used, 
and for the blank correction subtract 
from the titration the amount of alkali 
or acid required. 


(6) Calculation —If the acid solution 


was required to discharge the phenol- 
phthalein end point, calculate the alkali 
neutralization number as follows: 


number = 


weight of sample 


Alkali neutralization — milliliters of acid X 5 a 


If the alkali solution was required to 
discharge the methyl orange end point, 
calculate the mineral acid neutralization 
number as follows: 


Mineral acid neu- 


milliliters of alkali 5 


weight of sample 
Reproducibility of Results 


7. (a) With proper care, and strict 
attention to details, duplicate deter- 
minations by the same operator should 
not differ by more than the amounts 
given in the following tabulation: 


Permissible 
Material Tested Difference 


New oils (using 0.1-ml. increments) .. 0.03 


New oils (using 0.05-ml. increments) . 0.015 a: 7 


Used oils (which do not form stable 


hol layer excessively) 


emulsions or do not color the alco- 7 
0.05 i+. 
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Note.—No specific permissible differences 
can be given for oils which form stable emulsions 


_ orcolor the alcohol layer excessively. 
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(6) Results obtained ies different op- 
erators, may differ by double the 
amounts given in Paragraph (a). 
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APPENDIX II 


PROPOSED METHOD OF TEST FOR ANILINE OF 


PRODUCTS! 
_____ This is a proposed method and is published as information only. a 703 
he Comments are solicited and should be addressed to the American So- a 
omit a ciety for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 
Scope Type: Etched stem, glass. sex 


1. This method of test is intended for 
determining the aniline point of petro- 
leum products not darker than No. 8 
A.S.T.M. color,? provided the aniline 
point lies between the initial boiling 
point and the solidification point of the 
aniline - sample mixture. 


Definition 
2. Aniline Point.—Aniline point is the 
minimum equilibrium solution tempera- 


ture for equal volumes ot aniline and 
petroleum product. 


Apparatus 


3. The apparatus shall consist of the 
following: 

(a) Test Tube—A test tube approxi- 
mately 25 mm. in diameter and 150 mm. 
in length, made of heat-resistant glass. 

(b) Jacket—A jacket approximately 
38 mm. in diameter and 175 mm. in 
length made of heat-resistant glass. 

(c) Stirrer—A variable-speed, me- 
chanical stirrer, fitted with an auger-type 
glass tip as shown in Fig. 1. 

(d) Thermometers.—Suitable thermom- 
eters conforming to the following re- 
quirements: 

1 This proposed method is under the jurisdiction of the 


A.S.T M. Committee D-2 on Petroleum Products and 
Lubricants. 


? Tentative Method of Test for Color of Lubricating 
Oil and Means of A.S.T.M. Union Colorim- 
eter (A.S.T.M nation: D 155) of the American 
Society for iiesting Materials, see 1939 Book of A.S.T.M. 
Standards, Part III, p. 598. 


Liqguip: Mercury. 
RANGE AND SUBDIVISIONS: 


25 to 105 C. in 0.2 C. ak abies 
90 to 170C. in 0.2 C. 


Torat LenctuH: 403 to 409 mm. (15.87 to 16.10 
in.). 

Stem: Plain front, enamel back, suitable ther- 
mometer tubing. 

Diameter, 6.0 to 7.0 mm. (0.236 to 0.275 in.). 

Bus: Corning normal or equally suitable ther- 
mometric glass. 

Length, 10.0 to 20.0 mm. (0.39 to 0.78 in.). 
Diameter, 5.0 to 6.0 mm. (0.197 to 0.236 in.). 

DIsTANCE TO LOWEST GRADUATION LINE FROM 
Bottom OF Burs: 101 to 115 mm. (3.976 to 
4.527 in.). 

DISTANCE TO HIGHEST GRADUATION LINE FROM 
Top oF THERMOMETER: 25 to 45 mm. (0.98 
to 1.77 in.). 

FILLING ABOVE LiQuip: Nitrogen gas. 

Top FinisH: Glass ring. 

GrRabDuaTION: All lines, figures, and letters clear 
cut and distinct. The first and each suc- 
ceeding 1C. line to be longer than the 
remaining lines. Graduations to be num- 
bered at each multiple of 2 C. 

IMMERSION: 51 mm. or 2.008 in. 

ScaLe Error: The error at any point of the 
scale when the thermometer is standardized 
as provided below shall not exceed 0.2 C. 

STANDARDIZATION: The thermometer shall be 
standardized for 51-mm. immersion at 
standardization temperatures to be chosen 
and at determined stem temperatures. 

Case: The thermometer shall be supplied in a 
suitable case. 


Nore.—For the purpose of interpreting 
these specifications the following descriptions 
of terms apply: 

The total length is the over-all length of the 
finished instrument. 


= 
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The diameter is that measured with a ring 
gage. 

The length of the bulb is the distance from 
the bottom of the bulb to the beginning of 
the enamel backing. 

‘The top of the thermometer is the top of 
the finished instrument. 


! (e) Pipettes—Two 10-ml. pipettes, 
one provided with a suitable rubber bulb 
for handling aniline.® 

({) Balance—A laboratory balance 
sensitive to 0.01 g. suitable for weighing 
test tube and sample when the sample 
cannot conveniently be pipetted. 

(g) Heating Bath—A suitable non- 
aqueous, nonvolatile, transparent liquid 
bath. An open flame or a hot-air gun 
may be substituted for the liquid bath, 
but hot water should not be used as 
aniline is hygroscopic. 


Reagents 


4. (a) Aniline—Dry c.p. aniline over 
KOH pellets, decant, and distill fresh 
on the day of use, discarding the first and 
last 10 per cent. Aniline may be 
checked against suitable secondary 
standards, such as m-heptane or par- 
affinic fractions of known aniline point. 


(b) Anhydrous Sodium Sulfate. = 
Preparation of Sample ay 


5. The sample to be tested shall be 
dried by shaking for at least 2 min. with 
anhydrous Na,SOQy. In the case of 
viscous samples, it may be necessary to 
remove the drying agent by filtering 
through a fritted (sintered) glass filter of 
medium porosity. 


Procedure 


6. (a) Clean and dry the apparatus. 
Pipette 10 ml. of aniline* and 10 ml. of 
the sample into the jacketed test tube 
fitted with stirrer and thermometer. 


3 Aniline should not be pipetted directly because of its 
extreme toxicity. Aniline is also toxic by absorption 
through the skin, even in very small quantities, and should 
be handled with great caution. 


or CommitTeE D-2 (AppenDIx a 


If the material is too viscous for pi- 
petting, weigh a quantity of the sample 
corresponding to 10 ml. at room tem- 
perature in the test tube to the nearest 
0.01 g. Place the thermometer in the 
test tube at the proper immersion, 
making sure that the bulb does not 
touch the side of the tube. 

(6) Stir the mixture rapidly, avoiding 
the inclusion of air bubbles, and heat 
until complete miscibility is obtained. 
Continue stirring, and allow the mixture 
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Fic. 1.—Apparatus for Aniline Point Test. 


to cool slowly at a rate not exceeding 1 C. 
per min. (Note). Turbidity may occur 
due to separation of addition agents 
which are not strictly petroleum oil. 
The temperature at which such turbidity 
occurs should be disregarded. Record 
the temperature at which the mixture 
becomes cloudy throughout with com- 
plete separation of aniline and oil. 
This will be the minimum critical solu- 
tion temperature and not the tem- 
perature of separation of minor portions 
of the sample. 
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(c) Repeat the heating and cooling 
operations and again record the tem- 
perature at which separation of aniline 
and sample occurs. If constant value is 
not obtained after five determinations, 
repeat the test using fresh quantities of 
aniline and sample in clean, dry 
equipment. 

Note.—If the temperature at which turbidity 
appears is below that of the atmosphere, sub- 


stitute a nonaqueous cooling medium for the 
heating medium. 
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7. Report the minimum critical solu- 
tion temperature of the mixture of equal 
volumes of aniline and petroleum prod- 
uct as the aniline point of the sample. 


Reproducibility of Results 


8. With proper care and attention to 
details, duplicate results should not 
differ by more than plus or minus 0.2 C. 
from the average. ah 
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PROPOSED 


METHOD OF TEST FOR IGNITION QUALITY OF DIESEL 


FUELS! 


Scope 

1. This method of test is intended 
for determining the ignition quality of 
Diesel fuels in terms of an arbitrary 
scale of A.S.T.M. cetane numbers. 


A.S.T.M. Cetane Number ‘4 


2. The A.S.T.M. cetane number of a 
Diesel fuel is defined by and is numeri- 
cally equal to the.percentage by volume 
of cetane in a mixture of cetane and 
a-methylnaphthalene which the fuel 
matches in ignition quality when com- 
pared by the procedure prescribed in 
this method. Thus, by definition, 
a-methylnaphthalene has a cetane-num- 
ber rating of zero, and cetane, of 100. 
_Cetane number is reported to the nearest 
whole number. 


APPARATUS’ 


Apparatus 
3. The ignition quality testing unit 
described in this section shall be used 


1 This proposed method is under the jurisdiction of the 
A.S.T.M. Committee D-2 on Petroleum Products and 
Lubricants. 

This method originated in the Automotive Diesel Fuels 
Division of the Cooperative Fuel Research Committee, 
which is composed of representatives of the American 
Petroleum Institute, the utomobile Manufacturers Asso- 
ciation, the iety of Automotive Engineers, Inc., and 
the National Bureau of Standards. 

2 At present the sole authorized manufacturer of the 
me? A Diesel Fuel Testing Unit is the Waukesha Motor 
_ Co., Waukesha, Wis. Other manufacturers may be ap- 
proved in the future, but testing laboratories should not 
purchase testing units, except from the Waukesha Motor 

Co., without ascertaining w whether such units have been 

ed. Inquiries in this connection should be directed 

. P. Anderson, Secretary of Committee D-2 on 

- Petroleum Products and Lubricants, 50 West Fiftieth 
_ Street, New York, N. Y 


Comments are solicited and should be addressed to the Resuieon 
Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


without modification. It shall be known 
as the “C.F.R. Diesel Fuel Testing 
Unit.” The apparatus shall consist 
of a continuously-variable-compression 
engine, together with instrument panel, 
base, and suitable loading and accessory 
equipment, as follows: 

(a) Engine.—Continuously - variable- 
compression, one-cylinder, with dimen- 
sions* as follows: 


Displacement, cu. in 
Turbulence combustion-chamber: 


length, in., adjustable........ 0.3 
Valve-port diameter, in.............. 
Connecting-rod bearing: 

diameter, in 


Front main bearing: 
diameter, in 
Rear main bearing: 
length, in 
Piston-pin, floating, diameter, in 
Connecting-rod, length, center to 
center, in 
Timing-gear face, in 
Piston rings, number 
Exhaust pipe, diameter, in 
Weight of engine, lb. (approximate)... 
Weight of complete unit, lb. (ap- 
proximate) 


do bo 


88 


@ All dimensions are nominal and subject to manufac- 
turing tolerances. 


(6) Crankshaft—Fully machined, 
heat-treated, and counterbalanced. 
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(c) Crankcase.—Cast iron. 

(d) Connecting Rod.—Rifle-drilled, 
S.A.E. No. 1045 steel, heat-treated, 
bearing alloy cast directly into big end. 

(ec) Main  Bearings.—Renewable 
sleeve bushings, babbit-lined. 

(f) Valves.—Silcrome or equivalent. 

(g) Camshaft: i 

(1) Valve lift.—0.238 in. 

(2) Valve timing.—Intake valve opens 10 
deg. a.t.d.c., closes 34 deg. a.b.d.c. 
Exhaust valve opens 40 deg. b.b.d.c., 
closes 15 deg. a.t.d.c. 

(3) Valve clearance.—0.010 in. clearance on 
both valves for checking valve lift and 


valve timing. (For running clearance 
see Section 6 (g).) 


(kh) Push Rods—-Mushroom type 
with lock-nut adjustment. 

(i) Cylinder.—Cast iron alloy, bored 
and honed, Brinell hardness 220 + 20. 

(j) Cylinder Head.—Detachable vari- 
able-compression high-turbulence. 

(k) Cooling System—Evaporative. 

(l) Lubrication—Pressure feed to 
main, connecting-rod, piston-pin, and 
camshaft bearings, to idler-gear stud 
and gears, and to valve rocker arms. 

(m) Oil Heater and Thermometer.— 
Electric heater in base to bring oil to 
operating temperature quickly, and a 
thermometer on the instrument panel 
to indicate when equilibrium tempera- 
ture has been reached. 

(n) Air Heater and Thermometer. 
Electric heater mounted on intake 
silencer to maintain constant air-inlet 
temperature, and a thermometer at 
base of silencer to indicate this tem- 
perature. 

(0) Water Heater and Thermometer.— 
Electric heater in cooling-water line 
between outlet of condenser and inlet 
to cylinder jacket to bring water to 
operating temperature quickly, and a 
thermometer between condenser and 
heater to indicate this temperature. 

(p) Injection System—This system 


shall consist of the following parts as 
furnished with the engine: 


(1) Injector ‘pump, Bosch specification 
PE1B50A 302. 

(2) Injector, Bosch specification DN - 3083. 

(3) Fuel line (tank to pump), j-in. copper 
tubing, bottom of fuel tank to be 25 + 1 in. 
above pump inlet. 

(4) Injection line, 3 in. in outside diameter, 
7s in. in inside diameter, and 27 in. in length. 

(5) Vertical open riser with measuring — 
burette located on pump sump outlet. 


(q) Instrumentation.—The _ ignition 
quality is measured by the coincident- 
flash fixed-delay method using neon 
lights which are located on the periphery 
of the flywheel and are operated by 
contact points on the combustion and 
injection indicators. The necessary in- 
strumentation consists of the following 
parts: 


(1) The combustion indicator which mounts 
in a tapped hole (j in. by 18 threads per inch) 
in the combustion-chamber and is equipped 
with a spring-steel indicator diaphragm 0.543 
+ 0.003 in. in diameter and 0.015 + 0.0005 in. 
in thickness. The contact points are mounted 
on bronze leaf springs 0.021 + 0.0005 in. in 
thickness. Graduated spring-tension adjusting 
screws are provided. In addition, a graduated 
gap-adjusting screw is provided with a spring _ 
cushion plunger to protect the contact points — 
against overloading as the result of combustion — 
pressures. 
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(2) The injection indicator, which utilizes 


contact-point assembly parts similar to the 
combustion indicator, with brackets for attach- 
ment to permit operation of the contact points — 
by movement of the injector valve. ; 

(3) The neon-light mount which carries two 
}-watt, 110-v., neon bulbs located behind an 
aperture plate with 13 deg. spacing between 
openings. 

(4) The sight tube and top dead-center 
reference mark with brackets. 

(5) Flywheel slip rings and brush holders 
with necessary brackets and wiring for the 
neon-light support. 

(6) A 110-v. d-c. generator to supply current 
for the injection and combustion indicators. 
This generator is belt driven from the power- 
absorbing unit described under Paragraph (r). 
The voltage is controlled to 115 + 5 v. by 
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means of a field rheostat located on the instru- 
ment panel. 


(r) Power-Absorbing Unit.—The 

engine is connected by V-type belts 

_ to an electric generator which preferably 

oul be an induction motor with 

_ synchronous characteristics, but may be 

any electric generator capable of main- 

taining proper operating conditions. 

In most cases the electric generator will 

act as a starting motor to crank the 

engine, but if a direct-current generator 

is used and no outside source of current 

is available, the engine may have to be 
cranked by hand. 

(s) Panel—A control panel with 
starter switches, heater switches, and 
oil-temperature and pressure gages is 
included as part of the unit. 


i 
4 


(t) Base-——The complete unit is 
mounted on a cast iron base. “ik a 
Foundation 


4. The foundation shall be of con- 
crete, at least 15 in. in height above the 
floor level, resting, if possible, directly 
on the ground. Otherwise, special pro- 
vision must be made to eliminate vibra- 
tions that may influence ratings, and 
the manufacturer should be consulted. 
For convenience in operation, the foun- 
dation should be located at least 2 ft. 


_ from any wall. Dimensions are fur- 
nished with the apparatus. = 
OTs 


_ §. The primary reference fuels* shall 
_ be normal cetane and a-methylnaphtha- 
lene. Secondary reference fuels,‘ suit- 
ably calibrated against these primary 


. * Normal cetane is available from the E. I. du Pont de 
_ Nemours and Co., Inc., Wilmington, Del., and a-methy]- 
naphthalene, from the Reilly Tar and Chemical Co., 
_ Indianapolis, Ind 

_ 4 High-cetane secondary reference fuel known as “Shell 
high-cetane reference fuel” is available from the Shell Oil 
Co., Inc., Wood River, Ill. Low-cetane secondary ref- 
erence fuel, a mixture of a- and 8-methylnaphthalenes, is 
available from the Reilly Tar and Chemical Co., Indian- 


apolis, Ind. 
a 
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reference fuels, are normally used in 
actual testing. 


Standard Operating Conditions 


6. The engine shall be run under the 
following standard conditions: 

(a) Engine Speed.—Constant, 900 + 
9 r.p.m. 

(b) Jacket Temperature——Constant 
within plus or minus 1 F. (0.6 C.), and 
at a temperature between the limits 
of 209 and 215 F. (98 and 102 C.). 

(c) Cooling Liquid.—Distilled water 
or rain water, or ethylene-glycol solution 
when necessary at high altitude. 

(d) Crankcase Lubricating 
S.A.E. 30. 


Oil.— 


Note.—The viscosity range of crankcase 
lubricating oil, S.A.E. 30, is from 185 to 255 sec. 
Saybolt Universal at 130 F. (54.4(C.), deter- 
mined in accordance with the Standard Method 
of Test for Viscosity by Means of the Saybolt 
Viscosimeter (A.S.T.M. Designation: D 88) of 
the American Society for Testing Materials.‘ 


(e) Oil Pressure.—25 to 30 psi. under 
operating conditions. 

(f) Oil Temperature—The electric oil 
heater to be used only to raise the oil 
temperature rapidly to the equilibrium 
operating temperature, 120 to 150 F. 
(49 to 65 C.), normal operation main- 
taining the equilibrium thereafter. By 
“equilibrium” is meant that steady 
temperature attained by the oil upon 
continuous operation of the engine 
without the use of the heater. 

(g) Valve Clearances, Cold.—Intake 
0.008 in., exhaust 0.010 in. 

(h) Injection Advance.—13 deg. b.t.d.c. 
for rating, and 5 + 2 deg. b.t.d.c. for 
combustion contact setting. 

(i) Injection Pressure (injector open- 
ing pressure).—1500 + 50 psi. (106 + 
4 kg. per sq. cm.). 


5 .S.T.M. Standards, Parts IT and [II. 
1939 Book of A.S.T.M. Standards, Parts 
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PROPOSED TEST FOR IGNITION QUALITY OF DIESEL 


Note: Injection Pressure Setting. —The injec- (1) Injector Pintle Valve Lift. 
tion pump cover shall be removed and, with a 0.004 to 0.006 in. 


suitable injection-line pressure gage connected 
and the injector arranged to spray into the air, (m) I njector Cooling-Water J acket 


the pump plunger shall be operated with a Zemperature—100 + 5 F. (38+ 3C. ). 
screw driver used as a lever. The pressure on (n) Exhaust Pipe—A separate ex- 
the injector spring shall be adjusted until fuel hast pipe used for each engine, made 
of pipe not less than 1} in. in inside 
(j) Injection Quantity—13.0 + 0.5 diameter having a maximum of two 
ml. per min., to be checked on each test ells and a total length not to exceed 
sample and reference fuel blend. 20 ft. The use of a short straight- 
(k) Injection Pump Setting.—The through muffler, or equivalent, with pas- 
pump-plunger port should close when sage not less than the diameter of the 
the plunger has traveled up 0.075 to exhaust pipe is permissible. 
0.090 in. from the base circle of the cam. (0) Air-Inlet Temperature.—Air-inlet 


Nore.—This setting is important, as it temperature maintained at 150 + 2 F. 
influences the injection rate. This adjustment (66 + 1 C.). 


is made in the factory and should not require (p) Clearance Volume.—The clear- 
resetting unless it has been tampered with. 


To check the port closing the following opera- ance volume measured to the combus- 
tions shall be made: tion-indicator seat or spot face shall be 

(1) Remove the discharge valve and spring 72 + 0.5 ml. with the piston at top 
from the top of the pump, and replace the dead center, and with the over-travel 


discharge-valve clamp nut with injection tube . . 
arranged conveniently for blowing into. of the piston past the top of the cylinder 


(2) Submerge the end of the fuel drain line in adjusted to 0.014 to 0.016 in. by proper 
oil. cylinder shims. At this volume the 


(3) Remove the pump cover, open the fuel micrometer should be set to read 2.000 


pump rack to its wide-open position, and turn 

the engine the en. in. The compression ratio is given by 

Then blow on the tube and, at the same time, the equation: 

turn the engine slowly until bubbles disappear 

at the end of the fuel drain line which is sub- 

merged in oil. When bubbles cease, it indicates Poetry) CR. 

that the port has just closed. Determine this 

point carefully by several trials and mark the 

flywheel. where L = length of the combustion 
(4) Remove the tube used for blowing into chamber in inches as 

the pump and insert a pinin thedischarge-valve measured by the microm- 

hole and resting on the top of the plunger. i fates eter. 

Arrange a dial indicator resting on the pin to 

indicate the pump-plunger lift. With the +t, 

plunger at the bottom of its stroke and the dial Pale “et PROCEDURE gi ac 

gage set on zero, turn the engine until the te wre 

teference mark, previously placed on the fly- Starting and Stopping the Engine 


wheel to indicate the point of port closing, 7. While the engine is being turned 
registers. Then read the dial gage, which will : B 8 


indicate the pump-plunger lift from the base over by electric motor, the fuel by-pass 
circle when the port closes. This lift should be Valve on the injector shall be closed 
0.075 to 0.090 in. Any deviation from this and the compression ratio increased 
value can be adjusted by turning the pump- yntil the engine begins to fire. To stop 


plunger adjusting screw. After making an : “ 
adjustment, a new reference mark must be the engine, the fuel by pass valve on 


established on the flywheel as outlined in the injector shall be opened and the 
operation (3). electric motor then switched off. 
ate . 
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Injection I Seidleater Contact Setting 


8. The injection indicator contact 
setting shall be made as follows: 

(a) With the engine not running, 
adjust injection contact mounting 
bracket (Fig. 2) until there is about 
1/32-in. clearance between the spring 
leaf and the injector pin. 

(b) Screw out center adjusting screw. 

(c) Adjust the lower leaf until it just 
touches the end of the injector pin. 


G2 Gl Lek 
tT 


bid, 


G 


(e) Adjust the bumper-spring tension 
in the center adjusting screw by turning 
down the bumper spring adjusting 
screw as far as it will go thus locking the 
two screws so that they move as a unit. 

(f) With the engine running normally 
and the neon indicating switch closed, 
adjust the contact-point gap by turning 
the bakelite dial clockwise to screw down 
the center adjusting screw until the 
neon tube just makes a solid band of 


Fic. 1.—Combustion Indicator. 


A—Lower Leaf Adjusting Screw. 
B—Center Adjusting Screw. 


C—Locating Spring. 


D—Bumper spring Adjusting Screw. 


E—Bumper Sprin 


Leaf Ac Adjusting Screw. 


Then apply tension by turning the 
screw down one more complete turn. 

(d) Adjust the upper leaf by turning 
down the upper leaf adjusting screw 
until the contact points touch. Be sure 
that the points touch as a result of the 
leaf-spring tension and not because of 
force applied downward by the adjusting 
screw. If the latter should be the 
case, it is necessary to remove the 
spring and bend it slightly downward at 
the outer end. The adjusting screw 
should then be turned up one complete 
turn from this position. 


light around the flywheel. Then turn 
back the center adjusting screw 9.4 
divisions on the periphery of the bakelite 
dial (0.002 in.) and lock by means of 
clamping screws. 


Basic Combustion Indicator Contact 

Setting 

9. With the engine not running, the 
basic combustion indicator contact set- 
ting shall be made as follows: 

(a) Screw out center adjusting screw 
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(o) Adjust the lower leaf until it just 
touches the end of the combustion 
indicator pin. Then apply tension by 
turning the screw down one more com- 
plete turn. 

(c) Adjust the upper leaf by turning 
the upper leaf adjusting screw down 
until the contact points just touch. 
Be sure that the points touch as a result 
of the leaf-spring tension and not be- 
cause of force applied downward by the 
adjusting screw. If the latter should 
be the case, it is necessary to remove 


Fic. 2.—Detail of Cylinder Head and Injection Indicator. 


A—Locking Wheel. 
_ B—Compression Ratio Adjusting Wheel. 
C—Micrometer Scale Sleeve. 
D— Micrometer Scale Arm. 
ing Washer. 
4 —Expansion Plug Head. » 
J—Combustivn’' Indicator. ile 
K—Injector Tip. 


the spring and bend it slightly downward 
at the outer end. The adjusting screw 
should then be turned up one complete 
turn from this position. 

(d) Adjust the bumper-spring tension 
in the center adjusting screw by turning 
down the bumper spring adjusting screw 
as far as it will go thus locking the two 
screws so that they move as a unit. 

(e) Make preliminary contact-point 
adjustment by screwing down the center 
adjusting screw until there is a gap of 
approximately 0.010 in. 


$21 


Final Combustion Indicator 
Setting 


10. The final combustion indicator 
contact setting shall be made with each 
test fuel as follows: 

(a) Adjust compression ratio until 
engine fires normally on sample fuel. 
This is about two ratios above the low- 
est operating ratio without misfire. 

(b) Close neon indicating switch. __ 


Contact 


(c) Check injection angle to make 


sure it is 13 deg. b.t.d.c. with engine 
operating on sample fuel. The injec- 


4” 


~ 


L—Injector Gasket. 
M — Rubber Ring. 
N—Injector. 
P—Injector Pin 
—Lower Leaf Adjusting Screw. 
—Center Adjusting Screw. 
S—Bumper Spring Adjusting Screw 
T—Upper Leaf Adjusting Screw. 
U—By-Pass Valve Handle 


war 


tion neon tube is displaced 13 deg. on 
the flywheel to make it flash at t.d.c. 
when injection actually occurs at 13 
deg. b.t.d.c. 

(d) Make preliminary compression- 
ratio adjustment until combustion oc- 
curs at top dead center as determined 
by the “hook” method, as follows: 

Raise the center adjusting screw from 
a closed position until the resultant 
rapid shift in position of the beginning 
of the flash suddenly changes to a slow 
rate of shift for a given constant angu- 
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lar motion of the center adjusting screw. 
This is the “hook” point and the posi- 
tion of the neon flash indicates the start 
of combustion. Adjust the compression 
ratio with the handwheel until the com- 
bustion flash is brought to the top dead- 
center mark. 


Norte.—The combustion indicator pin is 
restrained to follow the diaphragm by means 
of a leaf spring. The spring pressure is such 
that, for accelerations up to the maximum rate 
of pressure rise due to compression pressure, the 
pin is held on the diaphragm. Thus the gap 
between the indicator pin and the upper contact 
is an accurate measure of the deflections of the 
diaphragm. The position of the diaphragm 
is a function of the crank angle of the piston and, 
thus, the position of the upper contact pin 
determines the angular position of the neon 
flash. 

Near the flat top of the compression-pressure 
diagram, therefore, a very slight contact-point 
movement indicates a considerable flywheel 
angular movement and the neon-tube flash 
position is very sensitive to the contact-gap 
adjustment. But when combustion occurs, the 
very steep pressure rise of the diagram makes 
the neon flash position very insensitive to 
contact-gap adjustment. The transition from 
the sensitive to insensitive gap adjustment range 
is called the “hook” point. 


(e) Retard the injection timing to 
5 deg. b.t.d.c. for the final-combustion 
contact-gap adjustment by the “double- 
flash” method. 

(f) Adjust the center adjusting screw 
until two flashes of the combustion- 
indicator neon bulb on the flywheel 
are just seen, the first at t.d.c. from 
compression pressure and the other 
about 10 deg. a.t.d.c. from combustion 
pressure. If two flashes are not seen, a 
lengthening of the combustion flash 
to a point about 10 deg. a.t.d.c. will be 
noted, which means the same thing. 

(g) Turn back the center adjusting 
screw to raise the upper contact 2.4 
divisions (approximately 0.0005 in.) 
on the bakelite dial where only one 
flash from combustion will be seen. 


Rating 


11. (a) The injection shall be reset 
to the rating position of 13 deg. b.t.d.c., 
which will make the injection flash 
appear at t.d.c. 

(6) The final compression ratio shall 
be adjusted so as to give coincidence 
of the injection and combustion neon 
flashes. The combustion contact gap 
setting shall be checked by the “linger- 
ing-flash” method as follows: Screw 
down the center adjusting screw by 
0.0005 in. Cut out injection by opening 
the injection nozzle by-pass valve, 
while observing the flashes. The injec- 
tion flash will go out at once. If the 
original gap clearance was correct (0.0005 
in.), the combustion flash will linger on 
for one or two revolutions and then 
die out. If the original gap clearance 


‘was too large (more than 0.0005 in.), 


the combustion flash will go out at once 
together with the injection flash. If 
the original gap clearance was too small 
(less than 0.0005 in.), the combustion 
flash will stay on indefinitely. If the 
combustion contact point gap is found 
to be incorrect, repeat the operations 
described in Section 10 (e), (f), (g), 
and in Section 11 (a) and (6) until the 
correct adjustment is attained. The 
combustion chamber length (hand wheel 
setting) shall then be recorded. 

(c) From the combustion-chamber 
length, recorded when the sample fuel 
has been adjusted to operate at standard 
conditions with 13-deg. delay period, 
the cetane number of the unknown 
sample shall be estimated and two 
reference-fuel blends selected, differing 
by not more than eight cetane numbers, 
which will bracket the unknown sample. 
When two reference fuels have been 
found, one of which has a longer delay 
period and the other a shorter delay 
period than the sample, alternate read- 
ings shall be taken by adjustment of the 
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PROPOSED TEST FOR IGNITION QUALITY OF DIESEL FUELS 


combustion-chamber length until the 
neon light flashes coincide at t.d.c. 

(d) Alternate readings between the 
sample and the reference fuels shall be 
taken in the following order: 

Sample, 

Reference fuel No. 1, 

Reference fuel No. 2, 

Sample, 

Reference fuel No. 2, 

Reference fuel No. 1, 

Sample. 

After changing from one fuel to 
another, 5 min. shall be allowed before 
taking a reading to insure complete 
flushing of the injection system. The 
average combustion-chamber lengths 
obtained from the foregoing series shall 
be used in calculating the cetane number. 


Calculation 


12. The A.S.T.M. cetane number of 
the fuel shall be calculated by interpola- 
tion from relative combustion-chamber 
lengths as obtained in Section 11 (c). 


wal Od 
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The cetane number shall be reported 
to the nearest whole number. When 
the calculated value falls exactly half- 
way between two whole numbers, the 


ages nearest even number shall be reported. 


MAINTENANCE 


4 

13. The following points are im- 
portant in maintenance technique. 

(a) Injector should be inspected and 
cleaned at least every 8 hr. of operation, 

(b) Compression plug should be 
cleaned when it becomes tight due to 
carbon, 

(c) Special care should be exercised 
in keeping the fuels and fuel system 
clean, 

(d) A general overhaul, including the 
grinding of valves, cleaning of piston 
and rings, and cylinder and cylinder 
head, should be made every 75 hr. of 
operation, and 

(e) Periodic inspection of connecting- 
rod and main bearings is recommended. 
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APPENDIX IV 


DIESEL-FUEL-OIL CLASSIFICATION 


_ Manufacturers and users of Diesel en- 
gines, as well as petroleum refiners and 
distributors, have long felt the need for 
some classification differentiating types 
of fuel oils suitable for Diesel engines. 
The classification shown in Table I, cov- 
ering four grades of oil, is offered by 


of Diesel-fuel-oil specifications should 
evolve as a result of this program. Crit- 
icism and comment should be forwarded 
to Mr. R. P. Anderson, Secretary of 
Committee D-2 on Petroleum Products 
and Lubricants, 50 West 50th Street, 
New York, N. Y. 


TABLE I.—DIESEL-FUEL-OIL CLASSIFICATION. 


| Distilla- | 
tion Tem- 


ratures, 
Fahr. 


Viscosity at 100 F. 


Flash Point, 


Grade | 
Diese deg. Fahr. 
Fuel Oil 


| 
| 


cent by volume 


Water and Sediment, per 
Carbon Residue, per cent 
by weight 


Pour Point, deg. hs, 


90 per cent 
Point 


| 
| 


5 | Ash, per cent by weight 


x 
= 
J 


ww 
oocoo 


“100 or legal 
110 or legal 
110 legal 


).25° 
.0 
5 


nm 


| | End Point 


Kinematic, centistokes 


Min. | Max. 


| Sulfur, per cent by weight 


Cetane Number 


| 


none 
none 
none 


2.0 (32.6)° | 6.0 (45.5)¢ 


Oil more viscous than No. 4-D may be vied by referring to No. 5 fuel oil? with an agreement between 
im 


the purchaser and the seller regarding 


its for carbon residue and sulfur. 


@ Lower pour points may be specified whenever oo by local temperature conditions to facilitate storage andu use. 


© On 10 per cent residuum. 
€ 4 Equivalent values, Saybolt Universal secon 


4 Tentative Specifications for Fuel Oils (A. SoM. Designation: D 396) of the American Society for Testing 


Materials.* 


Oils of Committee D-2 on Petroleum 
Products and Lubricants in an attempt 
to supply this need. This classification 
was first presented in June, 1934, and 
has been revised periodically. 

It is not the intention of the committee 
that this classification should be used as a 
purchase specification; but rather that 
fuels purchased be correlated according 
to the proposed classification in order 
to determine its usefulness. A series 


Technical Committee E on Diesel Fuel — 


ro 
METHODS OF TESTING 


The properties listed in this classifi- 
cation are determined in accordance with 
the following methods of test: 


(a) Flash Point.—Standard Method of 
Test for Flash Point by Means of the Pen- 
sky-Martens Closed Tester (A.S.T.M. Desig- 
nation: D 93),? except where other methods 
are prescribed by law. 


1 1939 Book of A.S.T.M. Standards, Part. III, p. 586. 
21940 Supplement to Book of A.S.T.M. Standards, 
Part ITI, p. 47. 
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wi Pour Point.—Standard Method of 
Test for Cloud and Pour Points (A.S.T.M. 
Designation: D 97)? 

(c) Water and Sediment.—Standard 
Method of Test for Water and Sediment in 
Petroleum Products by Means of Centri- 
fuge (A.S.T.M. Designation: D 96).4 

(d) Carbon Residue——Standard Method 
of Test for Carbon Residue of Petroleum 


(g) Viscosity.—Tentative of Test 


for Kinematic Viscosity (A.S.T.M. Desig- _ 


nation: D 445),8 and Standard Method 
of Test for Viscosity by Means of the Say- — 


bolt Viscosimeter (A.S.T.M. 


D 88).° 

(h4) Sulfur.—Standard Method of Test 
for Sulfur in Petroleum Oils by Bomb 
Method (A.S.T.M. Designation: D 129). | 


Products (Conradson Carbon Residue) 
(A.S.T.M. Designation: D 189).® 

(e) Ash.—Tentative Method of ‘Test 
for Ash Content of Petroleum Oils (A.S. 
T.M. Designation: D 482) 6 

(f) Distillation—Standard Method of 
Test for Distillation of Gasoline, Naphtha, 
Kerosine, and Similar Petroleum Products 
(A.S.T.M. Designation: D 86).? 


(i) Corrosion.—Standard Method of Test 
for Detection of Free Sulfur and Corrosive 
Sulfur Compounds in Gasoline (A.S.T.M. 
Designation: D 130)." 

(j) Alkali and Mineral Acid.—Tentative 
Method of Test for Neutralization Num- 
ber of Petroleum Products and Lubricants 
(A.S.T.M. Designation: D 188).” 

(k) Cetane Number.—Proposed Method 
of Test for Ignition Quality of Diesel 
Fuels.” 


8 1939 Book of A.S.T. 
9 1939 Book of A.S.T. 
18 1939 Book of A.S.T. 
Jbid., p. 206. 
12 [bid., p. 617. 


3 1939 Book of A.S.T.M. Standards, Part III, p. 102. 


41940 at to Book of A.S.T.M. Standards, 
Part IIT, p 


5 1939 Book, A.S.T.M. Standards, Part ITI, p. 98. 


M. Standards, Part III, p. 
M. Standards, Parts II and III. +4 
M. Standards, Part III, p. 207. 
[bid., 
71940 to Book of A. M. ‘Standards, 
Parts II and I 
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Sectional Committee Z11 on Petro- 
leum Products and Lubricants held one 
- meeting during the year: in Atlantic 
_ City, N. J., on June 28, 1939. 
_ The Summary of Work in the Field of 
Petroleum Products which has been in 
preparation for several years was com- 
pleted and published in January, 1940, 
under the title “Evaluation of Petroleum 
Products.” The compilation includes 
six authoritative papers by leading 
technologists in the industry, discussing 
especially important problems on which 
. _ research work might well be concen- 
trated to develop needed information 
of service to those concerned with 
these products. The papers cover: gaso- 
line, lubricating oils, fuel and_lubri- 
cating oil for spark ignition aircraft 
engines, petroleum lubricating greases, 
diesel fuels, and fuel oils. 

Two years ago the Study Committee 
on Boundary Lubrication (J. C. Gen- 
iesse, chairman) prepared a set of defini- 
tions of terms and concepts used in 
lubrication; these definitions are still 


ON 
PETROLEUM PRODUCTS AND LUBRICANTS 
ASA Project: Z11 


» - i 
teat 


'- 


before the sectional committee for com- 
ment and criticism. 

In line with its function as a reviewing 
body, the sectional committee has taken 
action during the year on ten A.S.T.M. 
methods and one set of definitions for 
approval either as American standard 
or American tentative standard, and on 
the withdrawal of one American tenta- 
tive standard. 

At its meeting held during this annual 
meeting, on the recommendation of 
A.S.T.M. Committee D-2, action was 
taken to refer six methods to the ASA 
subject to letter ballot of the sectional 
committee. The recommendation con- 
cerning these standards will be sub- 
mitted to Committee E-10 on Stand- 
ards for approval. 


Respectfully submitted on behalf of 
the sectional committee, 
T. A. Boyp, 
Chairman. 
R. E. HEss, 
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Committee D-3 on Gaseous Fuels 
held one meeting in 1939, in New York, 
N. Y., on October 12. In addition, 
two of its subcommittees met in Detroit, 
Mich., on March 6, 1940. 

While no tentative standards are 
available as yet, distinct progress has 
been made in their preparation and a 
considerable amount of preliminary in 
vestigational work completed. This 
will be evident from the following brief 
reports on the assignments of the indi- 
vidual subcommittees: 

Subcommittee I on Collection of Gaseous 
Samples (S. S. Tomkins, chairman).— 
Further steps have been taken in the 
preparation of individual methods of 
sampling manufactured, natural, and 
liquefied petroleum gases. Attention 
has also been devoted to the formulation 
of definitions of terms in common use. 

Subcommittee II on Measurement of 
Gaseous Samples (H. S. Bean, chairman). 
—Further work has been conducted at 
the National Bureau of Standards on 
the testing of small wet gas meters under 
conditions similar to those of operation, 
including the preparation of necessary 
equipment. Tests were completed to 
furnish a basis for the calculation of the 
correction for liquid film adhering to a 
volumetric standard, such as a meter 
prover bell or a cubic foot standard. 

A paper was published during the 
year giving results of work conducted 
on saturation of gases by laboratory 
wet test meters.! 


1F. A. Smith and J. H. Eiseman, ‘Saturation of Gases 
N Laboratory Wet Test Meters,” Journal of Research, 
~ on tandards, Vol. 23, No. 3, September, 1939, 


Subcommittee III on Determination of 
Calorific Value of Gaseous Fuels (R. B. 
Harper, chairman).—Experiments have 
been conducted on applications of the 
“humidity control” method in calorific 
value determinations and it has been 
found generally satisfactory, the results 
agreeing closely with those obtained by 
use of the ‘‘humidity correction” 
method. A critical study has also been 
made of “humidity correction” methods 
and recommended procedures. It is 
planned later to embody both methods 
in a proposed standard method for 
routine determinations of the calorific 
value of gaseous fuels. 

A memorandum covering specifica- 
tions for mercurial thermometers for 
gas flow calorimetry was prepared and 
submitted to the members for criticism 
before supplying it to manufacturers of 
such thermometers. 

Subcommittee IV on Determination of 
Specific Gravity and Density of Gaseous 
Fuels (E. F. Schmidt, chairman).—Tests 
have been continued, by the National 
Bureau of Standards as planned, on 
eleven instruments in common use for 
specific gravity determination, sub- 
mitted by the manufacturers for this 
purpose. A synthetic typical manu- 
factured gas was prepared and its specific 
gravity determined. A series of ten 
determinations conducted on each of the 
eleven instruments has provided data for 
the computation of reproducibility and 
accuracy under each of several condi- 
tions of temperature and humidity. 
All instruments have been tested at a 
normal condition of 77 F. and 35 per 
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cent relative humidity. The chart in- 
struments have been tested at two other 
temperatures to determine the effect 
of temperature at constant relative hum- 
idity. Instruments using the surround- 
ing air as a standard of reference have 
been tested under two additional humid- 
ity conditions to determine the effect of 
the water content of the air at constant 
temperature. Further tests are in prog- 
ress on all instruments at varying tem- 
peratures with the humidity constant. 

Subcommittee V on Determination of 
Impurities of Gaseous Fuels (E. F. 
Pohlman, chairman).—Tentative meth- 
ods for the determination of total sulfur 
in gaseous fuels have been studied and 
are receiving principal consideration. 
A review has been completed of the 
present methods for the determination 
of tar fog and condensible oils and 
vapors, gums, cyanogen, and ammonia. 
Tentative methods for the determination 
of these impurities in gaseous fuels are 
now in preparation. 

Subcommittee VI on Determination of 
Water Vapor Content of Gaseous Fuels 
(A. W. Gauger, chairman).—Two 
methods for water vapor determination 
are under development, one primarily 
for field work and the other for a labora- 
tory standard. 


portable instrument has been con- 
structed employing two vacuum photo- 
cells in a bridge circuit which has been 
found capable of giving consistent read- 
ings under the test conditions selected. 
The laboratory method employs absorp- 
tion of a wave length in the near infra- 
red by water vapor A spectrometer. 
has been constructed and is now operat- 
ing very satisfactorily in the visible 
region by use of a photocell as the 
radiation receiver. Further tests are 


The first employs a> 
change in color of cobalt salts in organic 
solvents on the addition of water. A 


awaiting the completion of additional 
equipment required. 

A progress report on the experimental 
work conducted was presented at the 
Joint Production and Chemical Con- 
ference of the American Gas Association 
in New York, N. Y., on May 20, 1940. 

Subcommittee VII on Complete Analy- 
sis or Chemical Composition of Gaseous 
Fuels (Martin Shepherd, chairman).— 
The first standard samples of fuel gas 
of the carburetted water-gas type were 
prepared. Cylinders were purchased 
and fitted up for use as containers for 
shipment of this gas to various labora- 
tories. Following previously made ar- 
rangements, samples of such gas have 
been sent out to approximately 35 
laboratories together with specific in- 
structions covering the analysis to be 
made. A second standard sample con- 
sisting of typical natural gas will be 
sent to these cooperating laboratories on 
return of the sampling containers used 
in the first sample. 


The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: F 


Chairman, A. W. Gauger 
-Vice-Chairman, A. C. Fieldner 


Secretary, R. M. Conner 


This report has been submitted to 
letter ballot of the committee which 
consists of 32 members; 28 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the 


A. C. FIELDNER, 


R. M. Conner, 
Secretary. 
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ROAD AND PAVING MATERIALS 
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Committee D-4 on Road and Paving 
Materials has held two meetings during 
the past year: in Atlantic City, N. J., 
on June 28, 1939, and in Detroit, Mich., 
on March 7, 1940. 

Subsequent to the 1939 annual meet- 
ing Committee D-4 presented to the 
Society, through Committee E-10 on 
Standards, the following recommenda- 


tions: 

New Tentative Standards: 

Specifications for Preformed Expansion Joint 
Fillers for Concrete (Nonextruding and Resilient 
Types) (D 544-39T), 3 

Methods of Testing Preformed Expansion 
Joint Fillers for Concrete (Nonextruding and 
Resilient Types) (D 545 ~ 39 T), and 

Method of Test for Sieve Analysis of Mineral 
Filler (D 546 — 39 T). 


Revision of Tentative: 


Specifications for Asphalt Filler for Brick 
Pavements (D 241 — 39 T}, and 

Method of Test for Ljss on Heating of Oil 
and Asphaltic Compounds (D 6 - 39 T). 


These recommendations were ac- 
cepted! by Committee E-10 on August 
24, 1939, and the new and revised 
tentative standards appear in the 1939 
Book of A.S.T.M. Standards.? 

In connection with the Tentative 
Method of Test for Loss on Heating of 
Oil and (D 6 - 


1In submitting these to Committee 
E-10 on Standards, Committee D-4 reported the following 
mais of the letter ballot vote from a committee member- 
ra of 122: D544-39T, afiirmative 78, negative 0, 
ballots marked “‘not voting” 13; D 545 - 39 T, affirmative 
59, negative 1, ballots marked ‘‘not voting” 32; D 546 - 
yT, affirmative 60, negative 1, ballots marked “not 
voting”? 31; D 241 - 39T, affirmative 65, negative 4, 
ballots marked ‘ ‘not voting” 23; D 6 - 39 T, affirmative 
13, negative 1 “not voting” 17. 
21939 Book of Standards, Part II, pp. 1015, 


1017, 1021, 1033, 
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39 T), Committee D-4 feels that the re- } 
sults of comparative tests made by Sub- | 


committee B-18 on Loss on Heating, then 


under the chairmanship of B. A. Ander- — 
ton, should be made available to all who | 


have an interest in this test. A brief 


explanation of the subcommittee’s work 


together with a tabulation of test results 
is therefore appended to this report. 


At the March meeting of Committee _ 
D-4, the following officers were elected — 
for the ensuing term of two years, 
beginning at the close of the June, 1940, | 


meeting of the committee: 
Chairman: J. E. Myers, 


First Vice-Chairman: H. H. 
Scofield, 

Second Vice-Chairman: A. T.. 
Goldbeck, 


Third Vice-Chairman: E. 
Rhodes, and 
Secretary: Prévost Hubbard. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee B-15 on Sampling Road 
Materials (W. H. Mills, chairman).— 
This subcommittee has thoroughly re- 
vised the Tentative Methods of Sam- 
pling Stone, Slag, Gravel, Sand, and 
Stone Block for Use as Highway Mate- 
rials (D75-39T), 
year withdrawn from the status of 
standard for the purpose of revision, 
and the revised method will be sub- 
mitted to letter ballot of Committee 
D-4 for presentation to the Society later 
in the year through Committee E-10 
on Standards.* 


See Editorial Note, p. 332. 
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(J. S. Miller, chairman.—During the 
_ past year this subcommittee has con- 
ducted an exhaustive investigation 

which has resulted in the development 
of the following three new tests which 
_ are receiving further study before being 

presented to the Society as proposed 
- Tentative Methods of Test for Modified 
_ Miscibility of Emulsified Asphalts, De- 
_ hydration Test of Emulsified Asphalts, 
- and Test for Portland Cement Mixing 
Emulsified Asphalts. 

Subcommittee C-3 on Specifications for 
Liquid Asphaltic Road Materials (W. J. 
Emmons, chairman).—For some time 
past this subcommittee has been actively 
engaged in the development of specifica- 

tions for cut-back asphalts and has 
tentative specifications covering six 
_ grades of rapid curing cut-back asphalts 


. P< six grades of medium curing cut- 


back asphalts which will be submitted 
to letter ballot for presentation to the 
Society later in the year through Com- 
mittee E-10.* 

Subcommittee C-4 on Specifications for 
Emulsified Asphalts (J. E. Myers, chair- 
man).—This subcommittee re- 

_ cently developed new proposed tenta- 

tive specifications for a slow setting 

emulsified asphalt for fine aggregate 
mixes which will receive further study 
before presentation to the Society. 

Subcommittee D-2 on Highway Traffic 
Markers (H. F. Clemmer, chairman).— 
During the past year this subcommittee 
has developed new proposed tentative 
specifications for traffic paint which are 
being reviewed by Committee D-1 on 
Paint, Varnish, Lacquer, and Related 
Products before definite action by Com- 
mittee D-4. 

Subcommittee D-3 on Expansion Joint 
Materials (H. M. Milburn, chairman).— 
This subcommittee has developed pro- 

posed Specifications and Methods of 
Test for Preformed Expansion Joint 
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Fillers for Concrete (Bituminous Type) 
which it is felt should be published as 
information with a view to securing 
comments and criticisms. These pro- 
posed specifications and methods of test 
are therefore appended hereto.* 


I. NEw TENTATIVE STANDARDS 


Tentative Specifications for Materials 
for Stabilized Base Course, and for Mate- 
rials for Stabilized Surface Course— 
Methods of stabilizing soils and soil 
aggregate mixtures are engaging the 
attention of highway engineers through- 
out the country to a very great extent, 
and there is definite need for standardiza- 
tion of materials which are to be used 
for this purpose. Committee D-4, 
through its Subcommittee D-5 on Soils 
and Soil Mixtures for Highway Con- 
struction (C. A. Hogentogler, chair- 
man), has devoted a_ considerable 
amount of study to this subject in rela- 
tion to results obtained by numerous 
state highway organizations, and the 
specifications for materials for stabilized 
base course, and for stabilized surface 
course are the outcome of this study. 
The committee recommends that these 
specifications be accepted for publica- 
tion as tentative.® 


II. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following two tentative specifications’ 
be approved for reference to letter ballot 
of the Society for adoption as standard: 


Tentative Specifications for: 


Quick-Setting Emulsified Asphalt (for Pene- 
tration and Surface Treatment) (D 401 — 36 T), 
and 

Asphalt Plank (D 517 - 38 T). 


4See pp. 335, 336. ; 

5 These specifications were accepted as tentative by 
the Society and appear in the 1940 Supplement to Book o 
A.S.T.M. Standards, Part II, pp. 272 and 274, respectively. 

6 1939 Book of A.S.T.M. Standards, Part 11, pp. 1031, 
1035. 
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III. WITHDRAWAL OF TENTATIVE 
STANDARD 


The Deval test for abrasion of gravel 
has been largely supplanted by the Los 
Angeles abrasion test (C 131 — 39) which, 
on the recommendation of Committee 
D-4 and Committee C-9 on Concrete, 
was adopted as standard last year. It 
is therefore recommended that the 
Tentative Method of Test for Abrasion 
of Gravel by Use of the Deval Machine 
(D 289-37 T)? be ‘withdrawn. 


IV. CHANGES IN STANDARDS 


Committee D-4 recommends that the 
following addition be incorporated in 
the Standard Methods of Testing Emul- 
sified Asphalts (D 244-39)® and ac- 
cepted as an editorial correction as the 
change does not in any way alter the 
intent or meaning of the test methods 
but is in the interest of simplification: 


Section 5 (a).—In the note insert after 
the first sentence, a new sentence to 
read as follows: 


Either the still shown in Fig. 1 or that shown 
in Fig. 2 may be used interchangeably. 


At its meeting on June 27, 1940, the 
committee approved, jointly with Com- 
mittee D-8 on Bituminous Water- 
proofing and Roofing Materials, the 
following revision in the Standard Meth- 
ods of Testing Emulsified Asphalts 
(D 244 —- 39). This change in the cali- 
bration of the centrifuge tube was made 
on the recommendation of the Section 
on Volumetric Glassware, of Technical 
Committee XII, of Committee E-1 on 
Methods of Testing: 


Section 8 (f).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and figures and 
the omission of those in brackets: 


The trap shall be made of well-annealed 
glass constructed in accordance with Fig. 3 
(c) and shall be graduated from 0 to [25 ml.] 
2 ml. in 0.1-ml. divisions, and from 2 to 25 
ml. in 0.2-ml. divisions. 


7 1939 Book of A.S.T.M. Standards, Part IT, p. 1023. 
8 Ibid., p. 400. 


The committee also approved at its 
June, 1940, meeting, jointly with Com- 
mittee D-2 on Petroleum Products and 
Lubricants, the following revision in 
the Standard Methods of Test for 
Water in Petroleum Products and Other 
Bituminous Materials (D 95 — 30).® This 
revision in the calibration of the cen- 
trifuge tube used in the test is being 
made to bring the method into con- 
formity with the change in Standard 
Methods D 244 — 39 given above. 


Section 5 (a).—In the note following 
this section change the last sentence to 
read as follows, by the addition of the 
italicized words and figures and the 
omission of those in brackets: 


This tube shall be graduated from 0 to 
{25 ml.] 2 ml. in 0.1-ml. divisions and from 2 


to 25 ml. in 0.2-ml. divisions (see Fig. 3 (c) of 


the Standard Methods of Testing Emulsified 
Asphalts (A.S.T.M. Designation: D 244) of 
the American Society for Testing Materials). 


V. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


Committee D-4 recommends that the 
following specifications be continued as 
tentative for the reasons given below: 


Tentative Specifications for Standard 
Sizes of Coarse Aggregate for Highway 
Construction (D 448 - 37 T).—It appears 
likely that it will be desirable to revise 
the size requirements which were made 
to conform with the Simplified Practice 
Recommendation for Coarse Aggregates 
(R 163 - 36), approved by the Division 
of Simplified Practice in 1936. The 
Simplified Practice Recommendations 
were, however, revised on May 25, 
1939, and certain questions that have 
since arisen indicate the possibility of 
further revisions. In view of this possi- 
bility, and the fact that a revision of 
Specifications D448-37T will also 
require revision of a number of other 
A.S.T.M. specifications that make use 
of standard sizes of coarse aggregate, it 

visable to recommend 
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that the present tentative specifications 

be adopted as standard. 

TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


| Affi N Ballots 
rm- eg- ar 
Items ative | ative | “Not 
| Voting” 
I, New TENTATIVE STANDARDS 
Spec. for Materials for Stabi- 
lized Base Course........... 66 1) 
Spec. for Materials for Stabi- 
lized Surface Course........ 65 5 19 
II. Apoption oF TENTATIVE 
STANDARDS AS STANDARD 
Spec. for Quick-Setting 
Emulsified Asphalt (for | 
Penetration and Surface | 
— (D 401 - 36 T)?. 55 7 27 
Plank | 
TENTATIVE STANDARD 
ba for Abrasion of Gravel 
se of the ee 
Machine (D 289-37 T)®.. 20 


® The classified vote on the adoption a as standard of the 
Tentative Specifications for Quick-Setting Emulsified 
Asphalts (for Penetration and Surface Treatment) 
(D 401 —- 36 T) was as follows: Affirmative: 19 producers, 
27 consumers, 9 general interests; negative: 6 producers, 
1 opener: © 0 general interests. 

The classified vote on the withdrawal of the Tentative 
Method of Test for Abrasion of Gravel by Use of the 
Deval Machine (D 289 - 37 T) was as follows: Affirmative: 
20 producers, 28 consumers, and 12 general interests; 
negative: 2 producers, 7 consumers, and 0 general interests. 


Tentative Specifications for Crushed 
Slag and Crushed Stone.—The Tentative 
Specifications for Crushed Slag for 
Water-Bound Base and Surface Courses 
(D 488 — 38 T), for Crushed Stone for 
Water-Bound Base and Surface Courses 
(D 489-38 T), and for Crushed Slag 
for Bituminous Concrete Base and 


continued as tentative for the deneens 
given above for Specifications D 448 - 
37 T. Moreover, a revision of the 
physical property requirements for 
crushed stone for water-bound base and 
surface courses is at present being con- 
sidered by Committee D-4 and will 
probably be referred to letter ballot 
of the committee for presentation to 
the Society in the near future. 


Tentative Specifications for Tar 
(D 490 —- 38 T).—Committee D-4 is at- 


tempting to coordinate these specifica- 
tions with similar specifications for tar 
adopted by the American Association of 
State Highway Officials. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 121 members; 89 members returned 
their ballots, with the results shown in 
Table I. 


This report has been submitted to 
letter ballot of the committee which 
consists of 121 members; 89 members 
returned their ballots, of whom 82 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
E. F. KELLEY, 
Chairman. 
Prevost HUBBARD, 


— Courses (D 485 — 38 T) are being 


EpITorRIAL NOTE 


Subsequent to the annual meeting Committee D-4 presented to the Society 


through Committee E-10 on Standards the following recommendations: 


New Tentative Specifications for: 


Revision of: 


Methods (D 75 —- 39 T). 


‘Cut-Back Asphalt (Rapid Curing Type) (D 597 - 40 T), 
Cut-Back Asphalt (Medium Curing Type) (D 598 - 40 T), 1a & soft 


Tentative Specifications for Crushed Stone for Water-Bound — and 
Surface Courses (D 489 — 38 T), and 

Tentative Methods of Sampling Stone, Slag, Gravel, Sand, and Stone 
Block for Use as Highway Materials, Including Some Material Survey 


These recommendations were accepted by Committee E-10 on August 28, 

1940, and the new and revised tentative standards appear in the 1940 Supple- 

___ ment to Book of A.S.T.M. Standards, Part II, pp. 283, 281, 270, and 276. a: 
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In 1939 Committee :D-4 on Road and 
uv Paving Materials swbmitted to the 
t- Society, for acceptance by Committee 
E-10 on Standards, a tevised Tentative 
ur Method of Test for Loss on Heating of 
of Oil and Asphaltic Compounds (D 6 - 

39T).! The most important revisions 
in were in Section 2, in which requirements 
er for the oven are ingluded. Require- 
ts ments in the former Standard Method 
ed D 6-33? were based gn an oven which 
in is no longer manufactgred, and were so 

stated as to exclude Many ovens now 
to in use and entirely sahisfactory for the 
& purpose. Criticism of these require- 
= ments has been received by the com- 
ve mittee for several yeats from numerous 

testing engineers and ;ymanufacturers of 

wens. The proposedjrevision was de- 
of signed to permit the usp of modern ovens 


having inner and outdr doors and pro- 
vided with improved means for ventila- 
tion. 

In connection with }requirements for 
ventilating openings, Siibcommittee B-18 


! 1939 Book of A.S.T.M 


S.T.M. Standards, Part II, p. 1045. 
? 1936 Book of bes a T.M. 


- Standards, Part Ii, p. 1071. 


REPORT ON COMPARATIVE TESTS OF LOSS ON HEATING ra 


on Loss on Heating reviewed tests made © 
by a sectional committee of the Com- — 
mittee on Materials, of the American 
Association of State Highway Officials, _ 
which showed that the amount of airy 
passing through the oven during the | 
loss on heating test is of little importance  _ 
within practical limits. A series of 
comparative tests was also conducted — 
for the subcommittee at the laboratory 
of the New Jersey State Highway Com- 
mission, using three ovens of different 
size and design, all of which conformed | 
to the revised requirements published © 
in 1939.1! Samples were tested in du- | 
plicate at the same time in each of the 
three ovens, recording the size and ar- 
rangement of openings provided for 
ventilation. The tests showed excel- — 
lent agreement with samples of widely © 
different character. Results of these 
tests pertinent to the A.S.T.M. method 
are summarized in Table I. It may be 
concluded that the degree of ventilation 
in ovens through which the heated air 
is circulated by natural convection is 
not a critical feature of the test method 
within practical limits. 


4 
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vy 


bd TAREE I.—RESULTS OF COMPARATIVE TESTS OF LOSS ON HEATING MADE BY LABORATORY OF STATE 
int HIGHWAY COMMISSION, STATE OF NEW JERSEY. 


wr 4 Tentative Method of Test for Loss on Heating of Oil and Asphaltic Com- 
pounds (A.S.T.M. Designation: D 6-39 T),! 50 g., 163 C. (325 F.), 5 hr. 
. Oven Serial Number! 300-102 320-2 2708 
|Dimensions of Heat-) 
Width in......... 13\% 185% 11% 
Depth in......... 14% 18% 12% 
if Openings for Venti- 
outside. | 156 % im. Holes, | One % in. Hole? One % in. Hole* 
is . ottom, outside. . in. Holes, me % in. Hole ne % in. Hole 
Bottom of heat- | Paced in. Apart 
ing chamber... .| 132 in. Holes, One in Hole in 
7 chamber........ | 144 % in. Holes, | One % in. Hole in | One % in. Hole in 
| Spaced 1 in. Apart | each of 2 Sides each of 2 Sides? 
‘Serial | Aver- Aver- | Aver 
Material 1 age 1 2 age 1 2 | age 
- 205747| Asphaltic Oil Loss on Heating, | 49.9 | 49.9 | 49.9 | 49.6 | 49.7 | 49.6 | 50.1 re | 50.0 
; Grade C.C. per cent 
| Penetration of 21 | 2 
Residue® 
213123) Asphaltic Oil Loss on Heating, | 34.0 | 34.1 | 34.0 | 34.0 | 33.9 | 33.9 | 33.9 | 33.9 | 33.9 
Grade L.K. per cent 
Penetration of | | | 37 58 
| Residue® | 
208226; Asphaltic Oil | Loss on Heating, | 24.7 | 24.9 24.8 
Grade MC-1 | per cent 
Float Test of Resi- | 43 | 44 44 
due® at 50C.., sec. 
212828) Asphaltic Oil | Loss on Heating, | 23.3 | 23.2 | 23.3 | 23.3 | 23.3 | 23.3 | 23.5 | 23.5 | 23.5 
Grade H.K. per cent 
Penetration of 73 | 73 73 
Residue® 
213177| Asphaltic Oil Loss on Heating, | 24.8 | 24.8 | 24.8 | 24.7 | 24.8 7. 
Grade H.K. per cent | Sorat 
Penetration of 74 74 | 74 7 
Residue® 
213124| Asphaltic Oil Loss on Heating, | 23.2 | 23.1 | 23.2 | 23.2 | 23.2 | 23.2 | 23.2 | 23.2 | 23.2 
Grade H.K. per cent | 
Penetration of 76 76 | 16 
Residue® 
212686| Asphaltic Oil | Loss on Heating, 14.9 14.3 aa 
Grade S.C.O. | per cent 
| Float Test of Resi- 18 | 18 hth 
due® at 50 C., sec. | 
212827| Asphaltic Oil Loss on Heating, | 16.5 16.3 16.4 16.7 | 16.7 16.7 16.5 16.9 | 16.7 
Grade S.C.O. per cent 
Float Test of Resi- 21 21 21 
due® at 50 C., sec. | 
213687) Asphalt Cement Loss on Heating, | 1.00; 1.01 | 1.01 | 1.06| 1.03 | 1.05 | 0.99 | 0.97 | 0.98 
Bermudez per cent 
85 to 100 Pene-/| Penetration of 61 : 61 | 62 
tration Residue® 
213681| Asphalt Cement | Loss on Heating, | 0.55 | 0.56 0.56| 0.55 | 0.57 | 0.56 
Trinidad per cent | 
85 to 100 Penetra- | Penetration of } 79 | 79 | 
tion Residue® 
213617| Asphalt Cement | Loss on Heating, | 0.047; 0.046! 0.047 0.043} 0.047} 0.045} 0.045) 0.046 
Hy. Mexican | _ per cent 
Crude Penetration of 73 | 73 
85 to 100 Penetra- | Residue® | 
tion 
213684| Asphalt Cement | Loss on Heating, | 0.008) 0.006) 0.007) 0.007) 0.006) 0.006) 0.006 0.006 0.006 
Columbian Crude per cent 
85 to 100 Penetra- | Penetration of 70 | 69 | 69 
tion Residue® 
213688} Waterproofing Loss on Heating, | 0.054) 0.050} 0.052) 0.061) 0.053) 0.057) 0.054 0.050) 0.052 
Asphalt Cement per cent 
Penetration of 27 27 27 
Residue® 


* Closed during tests. 
5 Only one hole open during tests. ' ’ 

at © Tests for penetration of residue were made at 25 C. (77 F.) under a load of 100 g. for 5 sec. in accordance with the 
- Standard Method of Test for Penetration of Bituminous Materials (D 5 - 25), 1939 Book of A.S.T.M. Standards, Part Il, 


- 4)2. 
4 TS eandard Method of Float Test for Bituminous Materials (D 139 - 27), 1939 Book of A.S.T.M. Standards, Part J, 
p. 409. 
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PROPOSED SPECIE ICATIONS FOR PREFORMED EXPANSION JOINT 
FILLER FOR CONCRETE! 


BITUMINOUS TYPE 
_ These are proposed specifications and are published as information only. 


solicited and 


Scope 


1. These specifications cover bitumi- 
nous preformed pone “ol joint filler for 
use in concrete constriction. 


Manufacture rey 


2. Bituminous preformed joint filler 
shall be of asphaltic or tar composition 
of approved quality. The bitumen shall 
be uniformly impregnated with suitable 
filler, to reduce to a mjnimum its brittle- 
ness at low temperatufes. 


Character of Strips | 


¥, 


3. The preformed gtrips of expansion 
joint filler shall be of}such character as 
not to be deformed oi broken by twist- 
ing, bending, or other ordinary handling 
when exposed to atmospheric conditions. 
Pieces of the joint filler which have 
been damaged shall be rejected. Thin 
strips of stiffener will be allowed. 

Physical Properties mae 

4. The joint filler shall conform to the 
following — as to physical 
properties: 


Absorption, max., per cent by weight 
Distortion, max., in 


1 
Brittleness the joint filler shall not crack 


or shatter when subjected 
to the brittleness test 


oposed s) 


roopeed ifications are under the jurisdic- 


ommittee D-4 on Road and Paving 
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a Comments aré¢ should be addressed to the American 
for Tzsting Materials, 260 S. Broad St., 


Philadelphia, Pa. 
Dimensions and Permissible Varia- 

tions 

5. The preformed strips shall con- 
form to the dimensions specified or 
shown on the plans. Strips of the joint 
filler which do not conform to the 
specified dimensions, within the per- 
missible variations of plus yg in. in 
thickness, plus or minus ¢ in. in depth, 
and plus or minus } in. in length, shall 


Sampling 


6. (a) Size of Samples.—Each sample 
shall consist of sufficient material to 
provide at least three test specimens 
measuring 2 by 6 in. 


(6) Number of Samples—At leastone 


representative sample shall be selected 
from each shipment of 1000 sq. ft. or 
fraction thereof of each _ thickness 
ordered. 

(c) Samples shall be packed for trans- 
portation in such a manner that there 
will be no danger of distortion or 
breakage. 


Methods of Testing 


7. The properties enumerated in these 
specifications shall be determined in 
accordance with the Proposed Methods 
of Testing Preformed Expansion Joint 
Filler for Concrete (Bituminous Type) 
of the American — for Testing 
Materials.* 


APPENDIX II 
in 
| . 
= | 
age 
~ 
21 
- wa 
73 
a 
16 
21 
).98 
62 
).046 
| 
- 
0.052 
rt I, 1 These 
tion of th 5 
| 


> er 


1. These methods cover the following 

tests for preformed, bituminous type, 
- expansion joint filler for concrete: ab- 
_ sorption, brittleness, and distortion. 


Absorption 


2. (a) A test specimen measuring 2 by 
6 in. shall be cut from the expansion 
joint filler in such a manner that all 
edges are freshly cut. 

(6) The specimen shall be weighed, 
immersed in water for 24 hr., removed, 
_ and the surface water wiped off with a 
slightly dampened cloth. The speci- 
men shall then be quickly weighed, and 
the percentage of absorption calculated. 


Brittleness 


3. (a) A test specimen measuring 2 by 
6 in. shall be cut from the expansion 
joint filler parallel to the lay of the fiber. 

(6) Prior to testing, the specimen shall 
be maintained at a temperature of 
4 to 6 C. in water for at least 2 hr. 
The specimen shall then be clamped 
between two boards in such a manner 
that it cantilevers 33 in. The specimen 
_ between the boards shall be supported 


; 1 These Eroponed methods are under the jurisdiction 
of Se 3. A.S.T.M. Committee D-4 on Road and Paving 


_ JOINT FILLER FOR CONCRETE! 
BITUMINOUS TYPE 


‘ These are proposed methods and are published as information only. 
_ Comments are solicited and should be addressed to the American 
as Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. _ 


horizontally and may be held in any 
suitable manner. A cast iron ball, 
weighing 0.95 lb. and having a diameter 
of 1 in., shall be suspended above the 
specimen by a cord tied to an eyelet 
soldered to the ball. The ball shall be 
suspended above the center of the pro- 
jecting portion of the specimen at a 
height in accordance with the following 
requirements: 


Thickness of ; Fall of 

Specimen, in, Ball in, 


The ball shall be released by burning 
the string above the eyelet. 


Distortion 


4, (a) A test specimen measuring 2 by 
6 in., absolutely flat and straight, shall 
be cut parallel to the lay of the fiber. 

(b) The specimen shall be clamped 
between two blocks in such a manner 
that it cantilevers 3} in. The clamp 
with the specimen shall then be placed 
in an oven maintained at 125 F. for 
2hr. At the end of the 2-hr. period the 
deflection of the specimen from the 
horizontal shall immediately _ be 


measured. 
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REPORT OF COMMITTEE D-5 


ON 


Committee D-5 on Coal and Coke 
held a meeting in Detroit, Mich., on 
March 5, 1940; anether meeting will be 
held at the annual nieeting of the Society 
in June, 1940, in Atlantic City, N. J. 

Subsequent to the 1939 annual meet- 
ing, Committee D-5 presented to the 
Society through Committee E-10 on 
Standards a propos¢d Tentative Method 
of Test for Index $f Dustiness of Coal 
and Coke (D547!-39T). The new 
method was accepted! for publication 
as tentative on Ajgust 24, 1939, and 
appears in the 193) Book of A.S.T.M. 
Standards.? 

During the year’ the committee lost 
by death R. S. MacPherran who served 
as a member for many years. The 
present membership of the committee 
is 44, of whom 12 are classified as pro- 
ducers, 13 as consumers, and 19 as 
general interest members. 


I. REvIsION OF TENTATIVE STANDARD 


The committee recommends that the 
Tentative Method of Sampling Coals 
Classed According to Ash Content 
(D 492-38 T)® be revised and con- 
tinued as tentative. As these revisions 
are quite extensive the method is pre- 
sented in its revised form.‘ 


1In submitting this recommendation to Committee 
E-10 on Standards, Committee D-5 reported results of the 
letter ballot vote as follows: Of a total membership of 44, 
40 members returned their ballots, of whom 34 voted af- 

rmatively, 0 negatively, and 6 members marked their 

ballots “‘not voting.” 

* 1939 Book of A.S.T.M. Standards, Part III, p. 580. 

3 [bid., p. 559. 

‘ This method was accepted as tentative by the Societ 
and appears in the 1940 Supplement to Book of ASTM. 
Standards, Part III, p. 191. 


II. ADOPTION AS STANDARD OF TEN- 
TATIVE REVISIONS OF STANDARDS 


The committee recommends that the 
tentative revisions published in 19375 of 
the following two methods be approved 
for reference to letter ballot of the So- 
ciety for adoption as standard: 


Standard Methods of:* 


Sampling Coal for Analysis (D 21 —- 16), and 

Laboratory Sampling and Analysis of Coal 
and Coke (D 271-37), Sections 2 (e), (g), 
(p), 3 (a), and 5 (c) only; the tentative revision 
of Sections 27 to 31, and of Section 43 is being 
continued as tentative. 


These recommendations have been 
submitted to letter ballot of the com- 


TABLE I.—ANALYSIS OF LETTER BALLOT 
VOTE. 


Affirma-| Nega- 


Ttems tive tive 


I. REVISION OF TENTATIVE 
STANDARD 


Sampling Coals Classed Ac- 
cording to Ash Content 
(D 492 - 38 T) 


II. Aportion AS STANDARD 
or TENTATIVE REVISIONS 
OF STANDARDS 

Samplin 
(D 21 - 16) 

Laboratory Sampling and 
Analysis of Coal and Coke 
(D 271 - 37) 36 


mittee which consists of 44 members; 
37 members returned their ballots, with 
the results shown in Table I. 


£1939 Book of A.S.T.M. Standards, Part TII, p. 1135. 
- a Book of A.S.T.M. Standards, Past III, pp. 
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ACTIVITIES OF SUBCOMMITTEES 

Subcommitiee I on Methods of Testing 


(W. A. Selvig, chairman).—A meeting 


various gases. 
as tentative in 1938’ of the Standard 
_ Methods of Laboratory Sampling and 
Analysis of Coal and Coke (D 271 - 37) 


_ of the subcommittee was held on March 


4, 1940, in Detroit, Mich. Data have 
been collected regarding the composition 


_ of the atmosphere surrounding the ash 
cones in the standard method for deter- 
_ mining the softening temperature of coal 


ash when operating the gas furnace with 
The revision published 


specifics the nature of this atmosphere. 


_ Since trouble is being experienced with 
some city gases in maintaining the 
_ specified limits of reducing to oxidizing 
gases, this revision is being continued 
as tentative pending further considera- 


tion by the subcommittee. 


Experimental work has been con- 


ducted on methods suitable for the 
determination of ash content of coals 


containing pyrite and calcite. 


Diffi- 
culty in obtaining check determinations 


of ash is often experienced with such 


coals because of variable amounts of 


_ sulfur fixed in the ash as calcium sulfate, 
dependent on the manner in which the 


coal sample is ignited for the ash deter- 
mination. The subcommittee proposes 
to recommend a suitable procedure for 
ashing such coals. 

Subcommittee II on Nomenclature and 


_ Definitions (H. C. Porter, chairman).— 


At a meeting of Committee D-5 held 
in Detroit, Mich., on March 5, 1940, 
this subcommittee recommended for 
adoption as standard a revision of the 
Tentative Definition of the Term Coke 
(D 121-—26T), as follows: 

Change the definition of coke from its 
present form: namely, 


Coke.—The infusible, cellular, coherent solid 
material obtained from coal as the residue from 


destructive distillation. 


7 1939 Book of A.S.T.M. Standards, Part III, p. 1136. 
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Note 1.—Such material obtained from the 
destructive distillation of petroleum or petro. 
leum residues is known as “petroleum coke.” 
Note 2.—Such material obtained from the 
destructive distillation of coal tar pitch is known 


as “pitch coke.” 
to read as a 
Coke.—(a) The solid, cellular, coherent resj- 
due from destructive distillation of bituminous 
coal, said residue having such physical structure 
as results from the hardening of a fused or 
semiliquid mass. 
(b) If used with appropriate qualifying adjec- 


tive, a similar residue from petroleum, pitch, 
and some other carbonaceous materials. 


This recommendation was submitted 
to letter ballot of Committee D-5 and 
approved by a vote of 32 affirmative, 
2 negative, and 3 ballots marked “not 
voting.” However, in deference to a 
written request dated June 24, 1940, 
from the Executive Committee of the 
Society addressed to the chairman of 
Committee D-5 it was voted at a meet- 
ing of Committee D-5 held on June 27, 
1940, not to present this revised defini- 
tion at the annual meeting of the 
Society. 

The Tentative Definitions of the 
Terms Gross Calorific Value and Net 
Calorific Value of Fuels (D 407 — 35 T) 
are being continued as tentative pending 
agreement whether “calorific value” or 
“heat of combustion” is the most 
suitable term. 

Subcommittee VII on Pulverizing Char- 
acteristics of Coal (John Van Brunt, 
chairman).—The Tentative Methods of 
Test for Grindability of Coal by the 
Hardgrove-Machine Method (D 409- 
37T) and by the Ball-Mill Method 
(D 408-37 T) are to be continued as 
tentative as the subcommittee has not 
reached agreement as to whether one 
or both of these methods should be 
adopted as standard. 

Subcommittee VIII on Foundry Coke 
Specifications (J. T. MacKenzie, chait- 
man).—This subcommittee held a meet- 
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ing in Detroit, Mich., on March 4, 1940. 
The subcommittee is not ready at this 
time to recommendyjany revisions of the 
Standard Specifications for Foundry 
Coke (D 17-16). Consideration is being 
given to the properties of coke which 
should be included in specifications and 
how these properties should be measured 
and evaluated. 

Subcommittee XI j on Coal Friability 
(R. E. Gilmore, chairman).—Since the 
subcommittee is cpnsidering revisions 
of the Tentative {Methods of Drop 
Shatter Test for foal (D 440- 37 T) 

for Coal (D 441 - 
» being continued as 
tentative. 

Subcommittee XIZI on Coal Sampling 
(H. F. Hebley, chairman).—Two meet- 
ings were held during the past year, one 
in Columbus, Ohio, on October 4, 1939, 
and the other in Detroit, Mich., on 
March 5, 1940. The Tentative Method 
of Sampling Coals (lassed According to 


Ash Content (D 492-38T) is being 
revised and ser as tentative, as 


mentioned earlier fn this report. The 
ultimate objective bf the subcommittee 
is to combine this method with the 
Standard Method of Sampling Coal for 
Analysis (D 21-16). The subcom- 
mittee is recommending for adoption as 
standard the tentative revision of the 
Standard Method of Sampling Coal for 
Analysis (D 21-16) and that part of 
the tentative revision of the Standard 
Methods of Laborptory Sampling and 
Analysis of Coal ard Coke (D 271 — 37) 
which pertains to sampling procedures. 
These revisions arp necessary so that 
the standards will agree with the method 
of crushing and rq@ducing coal samples 
prescribed in the} Tentative Method 
of Sampling Coals (lassed According to 
Ash Content (D 49? - 38 T). 
Subcommittee X+V on Dustiness of 
Coal and Coke (O. O. Malleis, chairman). 
~~A few criticisms of a minor nature 
have been received since the publication 


‘tivity—Determination by a Modified 


339 
of the Tentative Method of Test for 
Index of Dustiness of Coal and Coke 
(D 547 - 39 T). The subcommittee 
recommends that the method be con- 
tinued as tentative to afford further 
opportunity for trial. 

Subcommittee XV on Plasticity and 
Swelling of Coal (C. C. Russell, chair- 
man).—This subcommittee held a meet- 
ing on June 26, 1939, in Atlantic City, 
N. J. Cooperative tests have been 
made by various laboratories using the 
crucible swelling test issued by British 
Standards Institution. The test ap- 
pears to give information of value re- 
garding caking characteristics of coals 
in fuel beds. No further experimental 
work, since that reported last year, has 
been conducted by the subcommittee 
on methods for the determination of 
expansion properties of coals during 
coking. As various authorities are not 
in agreement on methods of testing 
coal expansion, it is not advisable at this 
time to attempt standardization of such 
test methods. The subcommittee is 
keeping in close touch with all experi- 
mental work being done on the testing 
of coal expansion during carbonization. 
During the year a paper was prepared 
on the measurement of pressures de- 
veloped during coal carbonization.*® 

Subcommittee XVI on Ignitability of 
Coal and Coke (R. A. Sherman, chair- 
man).—A meeting of the subcommittee 
was held on June 27, 1939, in Atlantic 
City, N. J., and on March 4, 1940, in 
Detroit, Mich. Cooperative tests with 
various laboratories have been made 
using a method for the determination of 
ignition temperature of coal and coke 
developed in the Coal Research Labora- 
tory of the Carnegie Institute of Tech- 
nology. The cooperating laboratories 
were the Battelle Memorial Institute, 


8 C. C. Russell, ‘‘“Measurement of Pressures Developed 
During the Carbonization of Coal,’ Technical Paper 1118, 
Am. Inst. Mining and Metallurgical Engrs. (1939). 

9J. J. S. Sebastian and M. A. Mayers, ‘“‘Coke Reac- 

i Ignition Point 
Method,” Contribution 59, Coal Researc 


Laboratory, 
Carnegie Inst. Technology, October, 1937. 
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the Coal Research Laboratory of Car- 
negie Institute of Technology, and the 
Fuel Research Laboratories of the Cana- 
dian Bureau of Mines. The subcom- 
mittee plans to prepare the method 
for publication in the form of a proposed 
tentative standard. 

_ The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


‘This report has been Por to 


letter ballot!® of the committee which 
consists of 44 members; 37 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
C. FIELDNER, 
Chairman. 
W. A. SELVvIG, 
Secretary. 
10 See Editorial Note below. pinay ity 


in” 


EDITORIAL NOTE 


_ The report of Committee D-5 as written for presentation to the Society, 
approved by letter ballot of the committee, and preprinted contained a 


“Coke” printed on page 338 be adopted as standard by the Society. How- 


- —_fommendation that the proposed revision of the definition of the term 


tine in deference to a suggestion from the Executive Committee of the So- 
ciety that this definition be not adopted, Committee D-5 voted at its meeting 


on June 27, 1940, not to present the revised definition. 


The recommenda- 


ty ‘= was withdrawn from the report in presenting the report to the Society, 
and the portion of the report under the heading ‘“‘Subcommittee II on Nomen- 
a ——— clature and Definitions” page 338 was revised to the form in which it is now 

: _ published. The letter ballot vote of the committee on its report, recorded 
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MINORITY — ON ANNUAL REPORT OF COMMITTEE D-5 


I should like to be placed on record 
as objecting to and voting against both 
the presentation and the acceptance of 
the 1940 annual report of Committee 
D-5 in the form as amended by the 
committee on June 27, 1940, without 
letter ballot vote. | 

While I am in accord with the opinion 
of the majority of the committee that 


the committee should have followed a © 
more regular procedure, and one cor- © 
rectly informative of its previous actions 


and those of Committee E-8 on Nomen- — 


clature and Definitions recommending 
this definition. 


To this end, Committee | 


D-5 should have presented the original - 


report as approved by letter ballot and 


preprinted, and then have asked, at the 
Society’s meeting, to withdraw the _ 
recommended standard definition in 
deference to the Executive Committee’s _ 
suggestion. 


we should accede to ‘the expressed wish 
of the Executive Cgmmittee that the 
proposed definition #f the term ‘‘coke”’ 
in the annual report “be not adopted,” 
since members representing the petro- 
leum industry have said this definition 
would cause injury to that industry, 
yet I am strongly of the opinion that 


Respectfully submitted, 


, 


Horace C. 
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REPORT OF COMMITTEE D-6 
PAPER AND PAPER PRODUCTS Sano 
_ Committee D-6 on Paper and Paper Society through Committee E-10 on ae 
Products held one meeting during the Standards a new Method of Test for Test fo 
year: on June 27, 1939, in Atlantic Water-Soluble Acidity or Alkalinity of ant 
City, N. J., during the annual meeting Paper (D548-39T) and a Test for ane 
of the Society. Resin in Paper (D 549-39T). These capes 
Cooperative relations have been con- two methods were accepted! by Com- 
tinued between Committee D-6 and mittee E-10 for publication as tentative ! 
Committee D-9 on Electrical Insulating on August 24, 1939, and appear in the Sui 
Materials in regard to the interest of the 1939 Book of A.S.T.M. Standards. u ‘ 
latter committee in electrical insulating ae 
paper and methods of testing paper NEw TENTATIVE STANDARDS 7 d] 
which are being developed by Committee The committee recommends that the the v 
ao _In this connection Committee  fojiowing seven methods of test, which heen 
ay on Committee D-6 are based upon standard methods of the meth 
=f - W. Chadbourne, and Committee Technical Association of the Pulp and time 
-6 is represented on Committee D-9 Paper Industry, be accepted for publica- outcc 
by L. S. Reid. 
tion as tentative: comn 
Cooperation between the Society and At 
the Technical Association of the Pulp 7 ¢mtative Methods of:* saith 
and Paper Industry has been success- Sampling Paper and Paper Products, by § 
fully carried out during the year through Test for Casein in Paper (Qualitative), y 
the Joint AS.T.M-T.AP.P.I. Com- Test for Alpha-, Beta-, and Gamma-Cellulose TAP. 
‘S.T.M.-T.A.P.P.I. 
mittee on Paper Testing Methods. Test for Starch in Paper, ‘ 
By action of the Advisory Committee, Test for Paraffin Content of Waxed Paper, T 
the organization of Subcommittee III on of Paper and Paper 
roducts, an 
Paper Bags (R. M. Bates, chairman) Test for Ash Content of Paper and Paper T 
has been discontinued; Mr. Bates has  p,oaucts. 7 
been appointed a member of Subcom- 7 
mittee II on Significance of Test These ee been sub- 1 
Methods. mitted to letter ballot of the committee or 
During the year 3 new members were which consists of 47 voting members; 36 the 
elected, and 2 resignations were ac- 1 In submitting these recommendations to Committee test 
: ° E-10 on Standards, Committee D-6 reported results of the 
cepted, leaving a total membership of letter vote as membership mini 
47, of whom 18 are classified as pro- af imately, 0 ne cngatively, and 6 members marked theit abso: 
AS as and 14 as Book of A.S.T-M. Standards, Part IIL, pp. 1059, Su 
Gunes interest members 3 These methods were accepted as tentative by the So- Test 


Subsequent to the 1939 annual meet- 
ing, Committee D-6 presented to the 


ciety and appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part III, pp. 489, 493, 494, 504, 502, 
500, and 491, respectively. 


members returned their ballots, with the 
results shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


$\firma- 
i tive 


New TENTATIVE STANDARDS 


Sampling Paper and Paper 
Products 

Test for Casein in Paper 

Test for Alpha, Beta, and 
Gamma Cellulose in Paper.. 

Test for Starch in Paper 

Test for Paraffin Conient of 

Test for Opacity of Pa 
and Paper Products obi 

Test for Ash Content of | 
Paper and Paper Products... 


| Ballots 
Nega- Marked 
tive | “Not 
|Voting”” 


Items 


ACTIVITIES OF SWBCOMMITTEES 


Subcommittee I Paper Testing 
Methods (W. E. Em®@y, chairman) has 
held several meeting: during the year 
and has continued its critical study of 
the various methods of test which have 
been approved by T.A.P.P.I. The seven 
methods which are recommended at this 
time for publication as tentative are the 
outcome of work done by this sub- 
committee. 

At the present time the following 
methods are being given consideration 
by Subcommittee I: 


T.A.P.P.I. Standard Subject 
Basis weight 
Moisture 
Tearing strength 
Saturation properties 
Watér resistance 
Bursting strength 
Thickness 

Folding endurance 
Gloss 


In addition to these T{A.P.P.I. methods, 
the subcommittee is} also working on 
test procedures for cPnditioning, deter- 
mining tensile strengf{f, and measuring 
absorption, porosity, §tiffness, and curl. 

Subcommittee II on Significance of 
Test Methods (C. C. Heritage, chairman) 


ON AND PAPER 
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held a meeting in New York, N. Y., on 
February 25, 1940, at which the details 
were worked out for preparing a mono- 
graph covering the significance of tests 
and the definition of terms, nomencla- 
ture, and properties of paper, in which 
the interested committees of A.S.T.M. 
and T.A.P.P.I. have been invited to 
cooperate. 

Subcommitice IV on Fiberboard and 
Fiberboard Containers (D. L. Quinn, 
chairman) has held several meetings 
throughout the year and has completed 
the extensive research testing program 
which was launched last year. A report 
containing detailed, authoritative, and 
comprehensive data on the physical 
properties of container grades of paper- 
board and fiberboard shipping con- 
tainers has been compiled and dis- 
tributed to the members of the sub- 
committee. The data are to be used 
as a basis for furthering the subcom- 
mittee’s program of activities. 


The election of officers for the ensu- 
ing term of two years resulted in the 
selection of the following: 


Chairman, Lewis S. Reid. sam 
Vice-Chairman, M. A. Krimmel. 
a Secretary, G. H. Harnden. 


The report of Committee D-6 has 
been submitted to letter ballot of the 
committee which consists of 47 voting 
members; 36 members returned their 
ballots, of whom 34 have voted affirma- 
tively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
R. C. GRIFFIN, 
Chairman. 
L. S. Rep, whe 
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tie! by OF COMMITTEE 7 


a3 
- Committee D-7 on Timber presents 
herewith a report of its activities during 
the past year. The committee has held 
one formal meeting, in Chicago, Ill., on 
March 12, 1940. 

The committee has only one recom- 
mendation to make this year: namely, 
an editorial change in the Tentative 
Method of Test for Tar Acids in Creosote 

Creosote-Coal Tar Solutions 
(D453-39T).! Technical Committee 
_ XII on Laboratory Apparatus of Com- 
mittee E-1 on Methods of Testing has 
recommended that in Figs. 1 and 2 of 
this method the illustration of the glass 
separatory funnels be changed to in- 
dicate that the tip of the burette shall be 
20 mm. long, measured from the out- 
side of the barrel to the end of the ground 
tip, rather than a distance of 20 mm. 
from the center of the stopcock to the 
end of the ground tip. This change will 
correct an error, which was overlooked 
in the latest illustrations appearing in 


the current methods of both the Ameri- 


can Wood-Preservers’ Association and 
the Society. It is claimed by the manu- 
facturers that it is practically impossi- 
ble to make the tips as short as required 


— by the present drawing. Committee 


1 1939 Book of A.S.T.M. Standards, Part II, p. 1126. Secretary. 
344 


D-7 accordingly voted to approve the 
recommendation made by Committee 
_E-1, and recommends that this change 
be made when the method is next 
printed. The method as a whole is 
being retained as tentative pending 
further action by committees of the 
_ American Railway Engineering Asso- 
ciation and the American Wood-Pre- 
servers’ Association. 
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The editorial change has _ been 
submitted to letter ballot of the com- 
mittee which consists of 24 members; 
23 members returned their ballots, of 
whom 21 have voted affirmatively, 0 
negatively, and 2 members marked their 
ballots “not voting.” 

The committee recommends that the 
Standard Definitions of Terms Relating 
to Timber Preservatives (D 324 — 33) 
be continued as standard without 
change. The definitions have been care- 
fully considered and the committee is un- 
able to suggest any revisions at this time. 

As a matter of information, the com- 
mittee reports that consideration is 
being given to possible changes in the 
commercial names for several species 
of American woods referred to in 
A.S.T.M. standards. Some of these 
names do not conform to the rulings of 
the Federal Trade Commission. The 
Subcommittee on Nomenclature and 
Definitions is accordingly engaged in a 
revision of some of these names, the de- 
tails of which will be presented next year. 


The present officers of the committee 
were re-elected for the ensuing term of 
two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 24 members; 23 members 
returned their ballots, of whom 22 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
HERMANN VON SCHRENK, 
Chairman. 
J. A. NEWLIN, 
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Committee D-8 on J¥ituminous Water- 
proofing and Roofing Materials has held 
two meetings during the past year: in 
Atlantic City, N. J., ‘on June 28, 1939, 
and in New York City on April 5, 1940. 

Subsequent to the 1939 annual meet- 
ing Committee D-8 {presented to the 


Use with Asphalt in 
Waterproofing BelowQnd Above Ground 
Level (D 41 —- 36 T).Q The revised spe- 
cifications were accepted! for publica- 
tion as tentative on August 24, 1939, and 
appear in the 1939 Book of Standards.” 

At a meeting on June 27, 1940, the 
committee referred to letter ballot, a 
recommendation from its Subcommittee 
VI on Fiber Analysis (C. S. Reeve, 
chairman), that the $tandard Methods 
of Analysis of Rooffmg Felt for Fiber 
Composition (D 272 @34) be withdrawn. 
If the letter ballot{js favorable, such 
recommendation wi® be made to the 
Society through Committee E-10 on 
Standards? The report of Subcom- 
mittee VI, together with supporting 
data bearing upon. this method, is 
appended hereto. 


I, REvIsIon OF TENTATIVE STANDARD 


The committee recommends that the 
Tentative Specifications for Woven Cot- 


In submitting these revised tentative specifications 
to Committee E-10 on Standards, Committee D 8 reported 
Tesults of the letter ballot vote as follows: Of a votin 
membership of 59, 34 members returned their ballots, al 
of whom voted affirmatively. 

? 1939 Book of A.S.T.M. Standards, Part II, p. 1064. 

*See Editorial Note, p. 347. 
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ton Fabrics Saturated with Bituminous 
Substances for Use in Waterproofing 
(D 173 —- 39 T)* be revised with respect 
to the ash requirement and continued 
as tentative. This change is recom- 
mended because the present requirement 
cannot be met by raw cotton fabrics now 
available, and a more liberal require- 
ment will not affect the quality or 
serviceability of the product for water- — 
proofing purposes. Accordingly, in Sec- 
tion 3 (6) change the maximum require- 
ment for ash (based on dry weight of 
fabric) from “1 per cent” to read “2 
per cent.” 


II. ADOPTION OF TENTATIVE STANDARDS 
AS STANDARD 


The committee recommends that the 
following two tentative standards be 
approved for reference to letter ballot 
of the Society for adoption as standard: 


Pa 


Tentative Methods 


Test for Sieve Analysis of Granular Mineral 
Surfacing for Asphalt Roofing and Shingles 
(D 451 - 37 T), and 

Test for Sieve Analysis of Nongranular | 
Mineral Surfacing for Asphalt Roofing and 4 
Shingles (D 452 — 37 T). 


_ 


IIT. Reviston oF STANDARD 


At its meeting on June 27, 1940, the 
committee approved, jointly with Com- 
mittee D-4 on Road and Paving Mate- 
rials, the following revision in the 
Standard Methods of Testing Emulsified 


#1939 Book of A.S.T.M. Standards, Part II, p. 1078. 
pp. 101,106, 


m- 
rs; | 
of 
0 
eir 
he 
ng 
3) society through Committee £-1U O 
ut Standards, a complefe revision of th 
re. Tentative Specificatigns for Primer fc 
in- 
1€. 
m- 
is 
he 
ies 
in 
Se 
of 
he 
nd 
le- 
ar. 
ree 
to 
ich 
ors 
ve 
| 
345 


: OF D-8 a 


> 
Asphalts 244 — This change in 
the calibration of the centrifuge tube 
was made on the recommendation of 
the Section on Volumetric Glassware, 
of Technical Committee XII, of Com- 
mittee E-1 on Methods of Testing. 


Section 8 (f).—Change the first sen- 
tence to read as follows by the addition 
of the italicized words and figures and 
the omission of those in brackets: 


The trap shall be made of well-annealed 
glass constructed in accordance with Fig. 3 
(c) and shall be graduated from 0 to [25 ml.] 
2 ml. in 0.1-ml. divisions, and from 2 to 25 
ml, in 0.2-ml. divisions. 


_IV. TENTATIVE STANDARDS AND REvI- 

’ SIONS CONTINUED AS TENTATIVE 
Committee D-8 recommends that the 
13 tentative standards and the tentative 
revisions of two standards listed below 
be continued as tentative for the reasons 
indicated: 


Tentative Specifications for: 


Creosote for Priming Coat with Coal-Tar 
Pitch in Dampproofing and Waterproofing 
(D 43 - 37 T), and 

Coal-Tar Pitch for Roofing, Dampproofing, 
and Waterproofing (D 450 —- 38 T). 


Tentative Methods of Testing: 


Felted and Woven Fabrics Saturated with 
Bituminous Substances for Use in Waterproofing 
and Roofing (D 146 - 38 T), 

Asphalt Roll Roofing, Cap Sheets, 
Shingles (D 228 - 37 T), and 

Films Deposited from Bituminous Emulsions 
(D 466 — 38 T). 


and 


These specifications and methods of 
test are now being reviewed and a 
number of revisions will probably be 
recommended next year, 


Asphalt Roofing Surfaced with Powdered 


Tentative Specifications for: 


te Talc or Mica (D 224 - 37 T), 


* 1939 Book of A.S.T.M. Standards, Part II, p. 400. 


Asphalt Shingles Suri with Coarse 
eral Granules (D 225 - 37 T), 


Asphalt Roofing Surfaced with Fine Mineral 
Granules (D 248 - 37 T), 


Asphalt Roofing Surfaced with Coarse Min- 
eral Granules (D 249 - 37 T), 

Asphalt Cap Sheet Surfaced with Coarse 
Mineral Granules (D 371 — 37 T), 

Asphalt-Saturated Roofing Felt for Use in 
Waterproofing and in Constructing Built-Up 
Roofs (D 226 - 38 T), and 

Asphalt for Dampproofing and Waterproofing 
(D 449 — 37 T). 
Tentative Method of: 


Test for Coarse Particles in Mixtures of As- 
phalt and Mineral Matter (D 313 - 37 T). 


The committee feels that in the first 
five specifications listed above the re- 
quirements for coating and filler weights 
should be revised and clarified. Con- 
sideration is also being given to the 
inclusion of larger granules for surfacing. 

In Specifications D 226 a revision in 
the weight of finished felt has recently 
been suggested and until such revision 
can be given thorough consideration, no 
change in status of these specifications 
is recommended. 

Final action has been deferred on 
Specifications D 449 pending an attempt 
to reach agreement with the American 
Railway Engineering Association on 
ductility requirements. That organiza- 
tion now specifies ductility at 40F. in 
addition to 77 F., and its requirement of 
a minimum ductility at 77 F. of 20 cm. as 
compared with the minimum of 15 cm. 
for type B material in Specifications 
D 449 calls for a product which has not 
been available during the past five years. 
It is recommended that these specifica- 
tions be continued as tentative for 
another year so that a further attempt 
may be made to settle the points of 
difference in the specifications of the two 
organizations. 

While it is believed that Method 
D 313 is ready for adoption as standard, 
it is so closely related to the Tentative 
Specifications for Asphalt for Use in 


Cons 
q of re 
recor 
| Tentai 
Water 
Roofs 
= Const 
1939 
revis 
futur 
recol 
TI 
this : 
ballc 
60 1 
turn 
shov 
| were 


Constructing Built-Y Roof Coverings 
(D 312 - 39 T) whicl”are now in process 
of revision that no change in status is 
recommended at this time. 


Tentative Revisions of Standard Specifications for: 


Coal-Tar Saturated Roofing Felt for Use in 
Waterproofing and in Constructing Built-Up 
Roofs (D 227 — 27), and 

Asphalt-Saturated Asbestos Felt for Use in 
Constructing Built-Up Roofs (D 250 — 27). 


Tentative revisions of these two stand- 
ards were accepted by the Society in 
1939. Owing to thq fact that further 
revisions are anticipated in the near 
future, no change in status is at present 
recommended. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
60 voting members; 44 members re- 
turned their ballots, with the results 
shown in Table I. 


The present officers of the committee 
were re-elected for the ensuing term of 


TABLE z. —ANALYSIS OF LETTER BALLOT VOTE. 


Nega- |Marked 


Items tive tive 


Voting” 


I. Revision oF TENTATIVE 
STANDARD 
Spec. for Woven Cotton Fab- | 
rics Saturated with Bitu- | 
minous Substances for Use | 
in Waterproofing (D 173 - | 
II. ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 
Test for Sieve Analysis of 
Granular oe Surfacin 
for Asphalt Roofin; ng an 
Shingles (D 451 - 37 T)...... 
Test for Sieve Analysis of Non- | 
ranular Mineral Surfacing | 
or Asphalt Roofi and 
Shingles (D 452 - 37 | 


This report has been submitted to 
letter ballot of the committee which 
consists of 60 voting members; 44 — 
members returned their ballots, of 
whom 41 have voted affirmatively and 
0 negatively. 
Respectfully submitted on behalf of ss 
the committee, 
M. Weiss, 

Chairman. 


= 


Prévost HUBBARD, 
Secretary. 


two years. 
itd 


j EDITORIAL NOTE 


ss annual meeting Committee D-8 snes to the 
Society through Committee E-10 on Standards the withdrawal of the Stand- 
ard Methods of (Analysis of Roofing Felt for Fiber Composition (D 272 - 
endation was accepted by Committee E-10 on August 28, 


34). This reco 
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REPORT OF SUBCOMMITTEE VI ON METHODS OF FIBER ANALYSIS 


In view of the increasing rayon con- 
tent of rags, the subcommittee was re- 
quested to investigate the possibility of 
extending the Standard Methods of 


rayon shall be determined in addition to 
those fibers listed in the method. 

In order to identify rayon fibers it js 
recommended that the operator prepare 


TABLE I.—COMPOSITIONS OF SAMPLES USED IN COOPERATIVE TESTS AND RESULTS REPORTED BY 
SEVEN LABORATORIES. 


Compo- 
sition of 


Fiber Analyses Reported by Laboratories, per cent 


No. 1: 


Acetate Rayon............... 


‘Sample No. 2: 
Cotton. . 


Jute.. 
sical Wood 


Viscose Rayon............... 
Acetate Rayon............... 


* Low. 
High. 


Analysis of Roofing Felt for Fiber Com- 
position (D 272-34)! to include the 
determination of rayon fibers. As a 
result of correspondence within the sub- 
committee and independent laboratory 

tests, it was decided for the purpose of 

making cooperative tests to supplement 
the present procedure as indicated below: 


‘Proposed Method of Test for Rayon in Roofing 
Felt: 


The A.S.T.M. Standard Methods of 
Analysis of Roofing Felt for Fiber Composi- 
ton in (2 272 — 34)! shall be used, except that 


11939 Book of A.S.T.M. Standards, Part II, p. 484. 


ae 


slides of viscose and acetate rayon fibers 
(furnished to the cooperators) and, using 
Herzberg stain, observe the fibers for color 
reaction and structure, which may be de- 
scribed as follows: 

Viscose and Cuprammonium Rayon.— 
Cotor Reaction: Lavender to purple 
or black. The light-colored rayon 
stains lavender but changes rapidly to 
purple. The dark-colored rayon stains 
purple or black immediately. 
StrucTURE: Cylindrical smooth fiber 

walls comparatively uniform in di- 
ameter. 

Acetate Rayon.—Cot.or REACTION: Brown 
or yellow. Black dyed rayon reacts 
slowly. 


J 
4 
A 
acet 
7 mer 
ami 
pro: 
cou! 
I 
usil 
knc 
par 
per cent A B Cc D E F G 
40 35.8 40.8 34.5% 38 39 ate cot 
20 9.6 17.0 9.5 15 a ee cal 
10 5.1% 9.2 13.5° 13 
10 9.3 13.5 17.8° 8¢ a 14.7 am 
20 24.3 19.5 23.0 26° = i @ 21.2 
o* 15.9% 0.0% 1.7 o* 8 0.0 exp 
40 23.0% 39.3 33.7 41 45% 38.2 of 
20 «6.24 23.8 13.1 20 | 20 19.2 
10 «(12.2 10.4 16.0 10* 13. «107 16.5° the 
chemicar 10 11.7% 15.5 16.8” 13 20 15 16.2 
a Acetate Rayon..............| 20 27.66 | 11.0 14.0 16 34 10 8.6 the 
Viscose Rayon...............| 19.3° 0.0° 6.4 o* 1.3 ten 
Sample No, 3: ; 
Cottor 30 20.4% 33.9 32.8 38° 34 35 30.9 
ute... 30 12.1¢ 27.0° 14.6 19 21 25 19.4, 
10 11.9 10.2 18.5 13 12, | 10° 19.8° 
10 10.1% 13.4 14.7 11 15” 15° | 12.6 
: 10 22.9% 13.1 15.8 14 13 107 | 13.8 
10 22.6° 2.4% 3.6 5 5 5 | 3.5 
= 
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SrrUCTURE: The fibers swell rapidly 
and become shapeless. In some 
cases the dye is retained in the fiber 
canal and is visible after the fiber 
wall has dissolved. 

After the count has been made and if 
acetate rayon was detected, it is recom- 
mended that freshly stained slides be ex- 
amined rapidly and the acetate rayon ap- 
proximated as a check on the acetate rayon 
count. 


In order to determine the possible 
agreement between different operators 
using this method, handmade sheets of 
known composition were carefully pre- 
pared. These contained one or both 
types of rayon in combination with 
cotton, jute, and chemical and mechani- 
cal wood. The sheeis were distributed 
among the seven laboratories, which 
expressed a desire to cooperate. In- 
cluded with the test sheets were samples 
of each of the types of rayon to enable 
the operator to become familiar with 
their characteristic behavior before at- 
to make the 
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The results reported by the seven — 
laboratories in comparison with sui 
known composition of the samples are ~ 
presented in Table I. 

The results were discouraging, not 
only in failing to disclose a satisfactory _ 
method for determining rayon but also 
in showing the inaccuracy of the method 
for determining other common fibers © 
when rayon is present. It is also ap- | 
preciated that the matter will be igre 
complicated with the inclusion of the | 
newer synthetic chemical fibers in rags. — 
The test is not required in any A.S.T.M. 
specifications coming under the juris- 
diction of Committee D-8, and in view 
of its apparent inadequacy the sub- 
committee voted unanimously for the 
withdrawal of the present method from 
the Book of Standards.* 


Respectfully submitted on behalf of 
the subcommittee, 
S. REEVE, 
+See Editorial Note, p. 347. 
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bie Committee D-9 on Electrical In- 
== Materials held two meetings 
during the year and will hold a third 
during the annual meeting of the Society 
in June at Atlantic City, N. J. The 
meetings were held in October, 1939, 
and February, 1940, with an average 
attendance of 82 members and 13 visitors. 
During the year considerable progress 
was made in the work which was pend- 
ing and several projects have reached 
the stage where definite recommenda- 
tions have been made, resulting in 
additions or changes in the standards for 
which Committee D-9 is responsible. 
Other projects which are in progress are 
mentioned later in this report. 
Subsequent to the 1939 annual meet- 
ing, Committee D-9 presented to the 
Society through Committee E-10 on 
Standards the following recom- 
mendations: 


_ New Tentative Methods of: 


‘Testing Glass Spool Insulators (D 550- 
397), 
_ Measuring Shrinkage from Mold Dimensions 
of Molded Materials Used for Electrical Insula- 
tion (D 551 - 39 T), 
7 Testing Varnishes Used for Electrical Insu- 
lation (D 115 38 T), 
Z Test for Power Factor and Dielectric Con- 
4 stant of Electrical Insulating Materials (D 150 - 
367), 
Sampling and Testing Untreated Paper Used 
5 in Electrical Insulation (D 202 - 38 T), 
fa Testing Flexible Varnished Tubing Used for 
= Electrical Insulation (D 350-38 T), 


>4 Revisions of Tentative Methods of: 
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4. 
Tentative Revisions of Standard Methods of: 

Testing Pin-Type, 
(D 468 — 39 T), 

Testing Molded Materials Used for Elec- 
trical Insulation (D 48 - 39), and 

Test for Grading and Classification of Nat- 
ural Mica (D 351-38) in the form of a new 
Tentative Method of Test for Power Factor and 
Dielectric Constant of Natural Mica (D 351- 


39 T), to be added when adopted to the present 
standard. 


These recommendations were ac- 
cepted! by Committee E-10 on October 
7, 1939; the new and revised tentative 
methods and tentative revisions of 
standards appear in the 1939 Book of 
A.S.T.M. Standards.” 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Lime Glass Insulators 


As a result of the year’s work, the 
committee is submitting revisions of four 
tentative standards, tentative revisions 
of five existing standards, and is recom- 
mending the adoption as standard of 
two tentative standards and one tenta- 
tive revision of an existing standard. 
The recommendations being presented 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-9 reported the following 
results of the letter ballot vote of a total of 49 ballots 
returned from a committee membership of 90: D 550- 
39 T, afirmati ve 18, negative 0, ballots marked “not 
voting” 31; D551 - 39 T, affirmative 16, negative 0, 
ballots marked “not voting” 33; D 115 - 38 4? affirmative 
21, negative 0. ballots marked “not voting” 28; D 150 
- 36 T, affirmative 35, negative 0, ballots marked “not 
voting” 14; D 202 - 38 T, affirmative 24, negative 0, 
bailots marked “not voting” 25; D 350 - 38 T, affirmative 
21, negative 0, ballots marked ‘‘not voting” 28: D 468 - 39 
» 4 "affirmative 17, negative 1, ballots marked “‘not voting” 
31; D 48 39, affirmative 23, negative 0, ballots mark 

‘not voting’ 26; D 351 - 38, affirmative 22, negative 0, 
baliots marked ‘“‘not voting’’ 27. 

21939 Book of A.S.T.M. Standards, Part III, pp. 

719, 698, 662, 745, 780, 686, 711, 1138, 800, respectively. 
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are included in detail in the Appendix, Committee D-20, and has agreed to — 
each proposed revision being accom- various changes to permit the same 
panied by a brief explanation of the method of test to be used by both 
reason for the revision. The standards committees. Upon the recommenda- 
affected are listed in Table I. tion of the Joint Subcommittee, Sub- 
These recommendations have been committees II and III submitted the 
submitted to letter ballot of the com- method to letter ballot for approval, 
mittee which consists of 92 voting with favorable action. The proposed 
members, with the results shown in method is being presented to the Society 
Table I. by Committee D-20 for publication as — 
tentative at this annual meeting.* This 
method upon acceptance is intended to 

Since a large part ofthe subcommittee replace the test for water absorption 
work consists of obtaining data and described in the Standard Methods of 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


ACTIVITIES OF SWBCOMMITTEES 


Ballots 
Items Affirmative Negative Marked 


“Not Voting” 


I. Revisions or TENTATIVE STANDARDS 


puting Untreated Paper Used in Electrical Insulation 
(D 22 - 39 
Testing Flexible Varnished Tubing Used for Electrical Insulation (D 350 


Spec. for Flexible Varnished Tubing Used in Electrical Insulation (D 372 


II. TENTATIVE REVISIONS OF STANDARDS 

Testing Molded Materials Used for Electrical Insulation (D 48 - 39)...... 
Testing Electrical Insulating Oils (D 117 - 36) 
Testing Sheet and Plate Materials Used in Electrical Insulation (D 229 

- 39): 

Revision of water absorption test (Sections 19 to 28) 

Revision of hardness test (Sections 41 and 42) 
Testing Laminated Tubes Usediin Electrical Insulation (D 348 - 39)...... 
Testing Laminated Round RodsWsed in Electrical Insulation (D 349 - 39). 


Ill. Apoption oF TENTATIVE STANDARDS AS STANDARD 
Test for Conducting Paths in Electrical Slate (D 273 - 36 T)....... 
Testing Shellac Used for Electrical Insulation (D 411 - 37 T) 
IV. ADopTion AS STANDARD OF TENTATIVE REVISION OF STANDARD 
Testing Electrical Insulating Oils (D 117 - 36) 


+ 


studying results with a view to im- Testing Molded Materials (D 48 — 39), 
proving the present standards and Laminated Tubes (D 348 — 39), Lami- 
developing new standards, it is only nated Round Rods (D 349 — 39), and 
possible in one year to submit definite method A for rate of absorption in the 
recommendations on a portion of the Standard Methods of Testing Sheet and 
work. Some of the projects that are in Plate Materials (D 229 - 39) Used in 
progress are as follows: Electrical Insulation. 

A Joint Subcommittee on Water Ab- Subcommitiee I on Insulating Var- 
sorption, composed of representatives of mnishes, Paints, and Lacquers (C. F. 
Subcommittee V of Committee D-20 on Hanson, chairman).—The British Draft 
Plastics and Subcommittees II and III Standard Specifications for Lac (CF 
of Committee D-9, has reviewed the (B) 2368) have been carefully reviewed 


proposed Method of Test for Water 3 This method was accepted as tentative by the Societ: 


Absorption of Plastics, prepared by prt ment Book of A.S.T-M. 
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and a complete report has been trans- 

mitted to Sectional Committee C59 on 

Electrical Insulating Materials in order 

that it may pass through the proper 

channels for consideration by the Inter- 
national Electrotechnical Commission 
and the British Standards Institution. 

Considerable progress has been made 
in an effort to develop a suitable test 
method for determining the resistance 
of varnish films to alkali solutions, 
sulfuric acid solutions, and synthetic sea 
water. Five laboratories are partici- 
pating actively. 

This subcommittee is cooperating in 
the effort to standardize baking ovens 
and drying cabinets for use in deter- 
mining the drying time of baking 
varnishes and air drying varnishes. 
Work is still in progress to develop a 
method of testing the internal drying 
time of saturant varnishes. Attention 
is also being given to a method of testing 

the set time of phenolic resin varnishes. 

Subcommittee IT on Molded Insulating 

_ Materials (W. A. Evans, chairman).— 

_ A standard mold is being developed for 

4 compression-molded tension specimens. 
_ Around-robin series of tests will be con- 

_ ducted in connection with this develop- 
‘ment. 

_ Work on conditioning test specimens 
of thermal plastics is being continued in 
cooperation with Subcommittee X. 

A new section was formed to review 
the Standard Methods of Testing 

Molded Materials Used for Electrical 
Insulation (D 48 - 39). It has recom- 
mended various ways of simplification. 
Draft specifications for phenolic 
molded materials used for electrical 
insulation have been presented by the 
chairman and a section is to be ap- 
q pointed to carry forward the work on 
such specifications. 

The Tentative Method of Test for 
Acetone Extraction of Phenolic Molded 
or Laminated Products (D 494 - 38 T) 

is being continued as tentative; how- 


ever, it will probably be considered for 
adoption as standard at the next 
meeting of the committee. 

Subcommittee III on Plates, Tubes, and 
Rods (Dean Harvey, chairman).—Meth- 
ods for measuring dimensions of 
laminated, stiff tubing are being pre- 
pared. A method for determining the 
dielectric strength of laminated tubing 
parallel to laminations is being de- 
veloped, and an impact test for rods and 
tubing to determine the effect of riveting 
operations is under consideration. 

Methods of conditioning sheet, rod, 
and tube materials to insure reproduci- 
bility of electrical tests for power 
factor, insulation resistance, and di- 
electric strength are being developed, 
and comparative tests are being made to 
obtain the necessary information. 

A very comprehensive series of tests 
comparing actual punching of laminated 
sheets by means of a die with Rockwell 
hardness tests at elevated temperatures: 
has shown that a definite relation 
exists for certain materials which will 
permit the Rockwell test to be used as 
an indication of punching quality. The 
method of test is being prepared. 

Further work is being done to deter- 
mine which tests are most suitable for 
checking the uniformity of phenolic 
laminated sheets. The work on paper- 
base sheets is nearly complete, and tests 
are being started on fabric-base sheets. 

The proposed test for power factor of 
phenolic laminated sheets parallel to 
laminations is still under consideration. 
A test for ply adhesion of vulcanized 
fiber is being developed. 

Subcommittee IV on Liquid Insulation 
(E. A. Snyder, chairman).—Work has 
been continued during the year in co- 
operation with Committee D-2 on Pe- 
troleum Products to improve the test 
for neutralization number (D 188 — 27T)* 
and to develop an electrometric titra- 


4See pp. 301 and 309. : e 
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tion method. A year ago it was felt 
that a suitable electrometric titration 
method could be prepared; however, the 
great amount of work done by both 
Committees D-9 and D-2 during the past 
year has brought out the fact that none 
of the proposed methods is free from 
objectionable criticism and, if anything, 
the development of a satisfactory test 
appears further away today than a 
year ago. Work is being continued on 
this subject in both committees. 

The results of the year’s study on the 
development of a sludge accumulation 
test and a high-pressure bomb test in- 
dicate that steady progress has been 
made in the sludge accumulation test 
and considerable promise of success with 
the high-pressure bomb test. A second 
series of oils is undergoing a round-robin 
test at present and if the results on this 
series are as good as those obtained on 
the first series, a tentative sludge ac- 
cumulat‘on test may be presented dur- 
ing the coming year. 

A canvass of the field of users and 
producers of insulating oils indicated 
that an evaporation test is not significant 
as a criterion of insulating oils and is 
not needed by the operators of trans- 
formers and switches. Further study is 
to be held in abeyance and the work 
will not be revived unless there is a 
definite demand and need expressed 
for it. 

Work is being continued with Sub- 
committee VII in the development of a 
suitable cell for determining power 
factor of oils; however, trouble has been 
encountered in securing a cell which will 
give consistent check test results. 

After a great amount of work a modi- 
fication of the test for dielectric strength 
has been completed and is being pre- 
sented as a tentative revision® of the 
Standard Methods of Testing Electrical 
Insulating Oils (D 117 - 40). 

Probably one of the most important 


2 


5 See p. 359. 


On ELECTRICAL INSULATING MATERIALS 


developments of the subcommittee has 
been the formation of a section to study 


the question of minute traces of moisture - 
in insulating oils. This section will 
study the significance of minute traces 
of moisture in relation to service of __ 
transformers, switches, etc., and it ai 


will investigate the various proposed 
methods of determining minute traces of 
moisture in an attempt to develop a 
satisfactory method of test. 

Sections are also active in the follow- 
ing subjects: (1) a study of the gas 
content of oil and the development of 
methods of measuring it, (2) the de- 
velopment of statements regarding the | 
significance of the tests described in 
Methods D 117-36 as applied to in- 


applicability of the tests covered by 
Methods D117-36 to _ insulating 
mediums other than insulating oil, that — 
is, synthetic insulating liquids, and the 
preparation of new methods where the — 
present ones are not suitable. i 

Subcommittee IV is continuing to 
keep in close contact with the Inter- 
national Electrotechnical Commission, 
the chairman acting as technical advisor _ 
on insulating oils to the U. S. National — 
Committee of the I. E.C. During the © 
past year F. M. Clark was able per- _ 
sonally to contact many members of Pie 
Committee No. 10 of the I. E. C. while He 
visiting in various foreign countries, and, ; 
as a result, closer working arrangements _ 
have been set up with H. W. Bruckman © 
of Delft, Holland, who is acting as 
secretary of Committee No. 10. Samples — 
of oil and test methods are eel 
exchanged at present. 

Subcommittee V on Ceramic Products 
(Porcelain, Glass, Etc.) (L. E. Bar- 
ringer, chairman).—There has been no 
change in the status of the porosity test 
by the dye penetration method as the — 
American Institute of Electrical En- 
-gineers has not as yet taken final action 
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on the revision of the A. I. E. E. standard 
in which the dye penetration method is 
included. 

It has been generally agreed that the 
present Standard Methods of Testing 
Electrical Porcelain (D 116 -39)® are 
suitable for testing steatite but should 
be modified to permit the testing of 
smaller size specimens for mechanical 
strength. In order to establish the 
correct test specimens it was agreed 
that a series of tests be made in sev- 
eral laboratories. Tests will be made 
for flexual strength, tensile strength, 
and resistance to impact. 

Test data are to be assembled on the 
method of determining water absorption 
of porcelain. 

It has been proposed to invite rep- 
resentatives of several other societies 
to work with the Section on Glass 
Insulators in the design of a standard 
thread gage for pin type glass insulators. 
Several gages have been made and are 
being checked by different laboratories. 
In view of the activities under way in 
other societies it has been decided to 
hold in abeyance the preparation of 
methods of testing low-expansion glass 
insulators. 

Subcommittee VI on Solid Filling, 
and Treating Compound (R. H. Titley, 
chairman).—The Tentative Methods of 
Testing Solid Filling and Treating 
Compounds (D 176-37 T) are being 
continued as tentative’ pending the 
results of further tests. Interest in 
this field has lessened somewhat in 
recent years. However, with the ad- 
vent of the newer compounds for filling 
joints and terminals, interest in methods 
of testing these compounds is being 
revived, particularly as to their solu- 
bility in cable oil. Studies will be 
made by this subcommittee in the near 
future of tests applicable to the newer 
compounds. 

Subcommittee VII on Electrical Tests 


6See Editorial Note,p.356. 


(J. A. Scott, chairman).—Work in 
progress on the measurement of the 
power factor of mineral insulating oil 
indicates that bridge circuit agreement 
approaching 10~ in power factor can be 
obtained, but that differences many 
times as great occur in actual measure- 
ments on oil. 

The Tentative Method of Test for 
Comparing Thermal Conductivities of 
Solid Electrical Insulating Materials 
(D 325-31T) is being continued as 
tentative. Informal discussion with 
Committee C-16 on Thermal Insulating 
Materials may broaden the usefulness 
of the method or result in a revision of it. 

The Tentative Methods of Test for 
Conducting Paths in Electrical Slate 
(D 273 - 36 T), having being published 
as tentative for four years without 
revision or criticism, are being recom- 
mended for adoption as_ standard. 
These methods are not widely used 
because of the decreasing use of slate 
as a switchboard material. However, 
considerable time and effort were ex- 
pended in their preparation and it is 
therefore the feeling of the committee 
that they should be continued as an 
A.S.T.M. standard, but that publica- 
tion of the methods repeatedly may not 
be necessary. 

The study of power factor measure- 
ments of electrical insulating materials 
at frequencies up to 100 megacycles has 
been continued actively and promises to 
result in the development of a satis- 
factory method that may be recom- 
mended for publication next year. 

Subcommittee VIII on Insulating 
Papers and Fabrics (Treated and Un- 
treated) (R. W. Chadbourn, chairman).— 
The subcommittee is continuing its 
investigation of the pH method for 
determining the acidity of untreated 
papers, employed by H. F. Launer of 
the National Bureau of Standards. In 
connection with these studies several 
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1 questions have arisen. It is felt that a 
, pH test, supplemented by a conduc- 
l tivity test, is a more satisfactory control 
t test than a determination of total solids 
e by evaporation to dryness. Also, in 
y regard to time and temperature of 
. extraction, the requirements for some- 
what alkaline papers may be different 
r from those of highly acidic papers. In 
\f the case of strongly acidic papers, the 
s error due to the generation of weak acids 
s during extraction would be inappreciable; 
h in the case of less acidic, or of moder- 
g ately alkaline papers, this might not be 
S the case. 
t. Further progress was reported in the 
rr development by Committee D-6 on 
e Paper and Paper Products of methods of 
d mechanical tests of papers. The stand- 
it ard for bursting strength, involving both 
- precision and control methods, was re- 
1. ported already acceptable to Committee 
d D-6 and the Technical Association of 
te the Pulp and Paper Industry. Prog- 
r, ress has been made with respect to 
X- the tensile strength, folding endurance, 
is and stiffness test methods. It is ex- 
ee pected that the method of test for 
in folding endurance will include both the 
a- M.LT. and Schopper testers. No de- 
ot cision has been reached on edge-tear 
testers. 
e- The comparative laboratory tests for 
thickness measurements of paper, in- 
‘in volving three types of micrometers 
to (standard machinist’s, machinist’s with 
Bs adjusted pressure, and dead-weight dial 
‘ gage) are still in progress. The Tenta- 
tive Methods of Test for Thickness of 
Solid Electrical Insulation (D 374 — 36 T) 
ng are being continued as tentative until 
> completion of these tests. 
7 Special samples of varnished cloth 
its tape, embodying various stretch char- 
‘or acteristics, have been distributed for test 
ed to a number of laboratories of utility 
of companies. The Tentative Methods of 
In 


Testing Varnished Cloths and Varnished 
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Cloth Tapes Used in Electrical Insula- 
tion (D 295 —- 38 T) are being continued 
as tentative pending the results of the 
stretch test. | 
Procedures for testing saturated sleev- _ 
ing and the addition of larger sizes of 
tubing are being incorporated in the 
Tentative Methods of Testing Flexible 
Varnished Tubing (D 350 39 T). 
Results of a questionnaire indicated 
sufficient interest in cellulose acetate 
and woven glass tapes to warrant con- a iF 
sideration of these materials at this 
time. It has been pointed out that there © 
are two distinct grades of woven glass — 
tape (untreated and treated) which 
might require more or less different — 
testing procedures, and some doubt has 
been expressed as to whether the im-— 
pregnation of tapes had been sufficiently - 
standardized to warrant consideration 
of the treated type at present. Due to 
the work on glass tapes by Committee 
D-13 on Textile Materials, it was 
agreed that whatever work might be _ 
undertaken by Subcommittee VIII 
should be confined to a study of elec- | 
trical characteristics and should supple- — 
ment the work being done by Com- 
mittee D-13. 
Subcommittee IX on Mica Products 
(M. P. Davis, chairman).—Methods of 
measuring mica stampings used in radio 
tubes and incandescent lamps are being 
prepared. The grading chart for mica 
in the Standard Methods of Test for 


Grading and Classification of = 


Mica (D 351-38) is to be revised to 
show a grade No. 43, and grade No. 6 | 
is to be subdivided into two or three 
grades. The preparation of color photo- 
graphs or color transparencies for clas- 
sification of mica is being continued. — 
Work is also being continued on the 
preparation of purchase specifications 
for mica and mica products. 
Subcommittee X on Conditioning 
(Robert Burns, chairman).—This sub- 
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committee is carrying on cooperative the tests covered by the respective 
work with other subcommittees of Com- subcommittees. 

mittee D-9 and with other standing : 
committees of the Society, as for ex- The present officers of the committee 
ample, in the development of con- We re-elected for the ensuing term of 


ditioning methods for the mechanical ‘W° Years. 


strength tests being considered by Com- 


mittee D-20 = Plastics. letter ballot of the committee which 

Work is also in progress on the consists of 92 voting members; 52 
establishment of definitions for com- members returned their ballots, of whom 
binations of atmospheric influences, and 45 have voted affirmatively and 0 
in the design of standardized testing negatively. n 


This report has been submitted to 


equipment. ' mend 
wre ; ay Respectfully submitted on behalf of and 
Special Subcommittee on Significance tlie 
of Tests (Dean Harvey, chairman).— T. Tavtor, 
This subcommittee is cooperating with comm 
special groups in each subcommittee in E, J. RuTAN, ; refer 
preparing reports on the significance of Secretary. stanc 
REVI 
he EDITORIAL NOTE Tent 
me Subsequent to the annual meeting Committee D-9 presented to the Society through Te 
Committee E-10 on Standards the following recommendations: El 
Revision of Tentative Methods of: 
Test for Dielectric Strength of Electrical Insulating Materials at Commercial Cl 
Power Frequencies (D 149 — 39 T), path 
onde Testing Solid Filling and Treating Compounds Used for Electrical Insulation 51 1 
(D 176 - 37 T), 
Sampling and Testing Untreated Paper Used in Electrical Insulation (D 202 - ae 
40 T), are 
= Tentative Revision of Standard Methods of: desig 
Testing Molded Materials Used for Electrical Insulation (D 48 — 39), and here 
te Testing Electrical Porcelain (D 116 — 39). an 
asi! These recommendations were accepted by Committee E-10 on August 28, 1940, 
and the tentative methods in their revised form and the tentative revisions appear in also 
the 1940 Supplement to Book of A.S.T.M. Standards, Part III, PP. 257, 242, 264, the | 
satu 
thos 


, 
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RECOMMENDATIONS AFFECTING STANDARDS FOR ELECTRICAL ~ 


INSULATING 


In this Appendix are given recom- 
mendations affecting certain standards 
and tentative standards covering elec- 
trical insulating materials which are 
referred to earlier in this report. In 
connection with each title is given the 
reference to the publication in which the 
standard appears in its present form. 


REVISIONS OF TENTATIVE STANDARDS 


Tentative Methods of Sampling and 
Testing Untreated Paper Used in 
Electrical Insulation (D 202 — 39 T):'.? 
Changes in the survey for conducting 

paths described at present in Sections 
51 to 55, inclusive of the methods 
are recommended. Since these changes 
are rather extensive the revised sections 
designated 51 to 64 are appended 
hereto,’ the remaining sections to be 
renumbered accordingly. This revision 
also replaces the present appendix to 
the methods. 


Tentative Methods of Testing Flexible 
Varnished Tubing Used for Electrical 
Insulation (D 350 — 39 T) :* 

It is recommended that the scope of 
these methods be enlarged to include 
saturated sleeving. Also, to meet the 
demand for larger sizes of tubing than 
those now standardized, a number of 
additional sizes, ranging up to 1 in., 

i 1939 Book of A.S.T.M. Standards, Part III, p. 780. 


? A further revision in these methods was submitted 
nee to the annual meeting, see Editorial Note, 
p. 


* This revision was accepted by the Society and has 
been incorporated in the methods which appear in the 1940 
Supplement to Book of A.S.T.M. Standards, Part III, 


p. 264. 
41939 Book of A.S.T.M. Standards, Part IIT, p. 686. 


MATERIALS 


r 
in inside diameter are proposed. Ex- 
perience has shown that some of the 
permissible variations in the smaller 
sizes are inadequate; a slight increase in 
limits for these sizes is recommended. 
Section 1.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


These methods cover the procedures for the 
testing of flexible varnished tubing and saturated 
sleeving (Note) used as electrical insulation for 
leads: on electrical apparatus. 

Note.—The term “varnished tubing” as 
{here] used in these methods refers to braided 
cotton sleeving coated, or impregnated and 
coated, with varnish, lacquer, or « combination 
of lacquer and varnish, or [other] similar coat- 
ings. The term “saturated sleeving’’ refers to 
braided cotton sleeving impregnated with varnish 
but the coating need not be continuous as it is for 
varnished tubing. 


Table I—Add seven new sizes of 
tubing at the beginning of the table to 
read as follows: 


Inside Diameter, in. 


Size Maximum Minimum 
1 in. 1.036 1.000 
0.911 0.875 
0.786 0.750 
| 0.655 0.625 


Change the maximum inside diam- 
eters for sizes Nos. 14 and smaller to 
read as follows by the addition of the 
italicized figures and the omission of 
those in brackets, the values for sizes 
Nos. 0 to 13 inclusive, to remain un- 
changed. 
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No. 16 [0.055] 0.061 
[0.040] 0.044 


Designate the note at the end of 
Table I as Note 1 and change to read 
as follows by the addition of the itali- 
cized words: 

Nore 1.—The minimum inside diameters 
prescribed in this table for sizes Nos. 0 to 20, 
inclusive, are the same as the diameters of 
copper wire for corresponding A.w.g. or B. & S. 
gage sizes. 

Add a new note at the end of Table I 
to read as follows: 

Norte 2.—Sizes Nos. 14, 16, 18, and 20 are 
standard and should be specified if possible. 


Sizes Nos. 15, 17, and 19 are special and may 
eventually be eliminated. 


Section 14 (a)—Change the table to 
read as follows by the addition of the 
italicized figures: 


Diameter o 
Test Rod, 
Size vee, in. 


° ° 

Oto Sincl................. 
Wes. 6 TE, 
Nos. 12 and smaller...... 


Tentative Specifications for Flexible 
Varnished Tubing Used in Electrical 
Insulation (D 372 37 T):° 


It is also recommended that the scope 
of these methods be enlarged to include 
saturated sleeving for the reasons in- 
dicated above for similar changes in 
specifications D 350. The specifications 
in their revised form are appended 
hereto.° 


Tentative Specifications for Phenolic 
Laminated Sheet for Radio Applica- 
tions (D 467-37 T)? 


The following changes in permissible 
variations in dimensions and minor 


6 1939 Book of A.S.T.M, Standards, Part III, p. 656. 
* These specifications were accepted as tentative b 
the Society and appear in the 1940 Supplement to Boo! 
of A.S.T.M. Standards, Part III, p. 230. 
11939 Book of A.S.T.M. Standards, Part III, p. 702. 
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editorial changes are being made to cor- 
respond with revised standards of the 
National Electrical Manufacturers As- 
sociation, since these particular features 
were originally based on the former 
N.E.M.A. standards: 

Section 7.—Change Table IV from its 
present form to read as follows: 


TABLE IV.—PERMISSIBLE VARIATIONS IN SIZI 
OF PIECES CUT FROM STANDARD SHEETS 


Permissible Variations ir 
Length or Width, 


lus or minus, in. 
Nominal Thickness, in. P 


6 in. and | over 6 to | 24in. and 


under 24 in. over 
0.010 to 4, incl......... 0.010 0.015 4 
te 36, 0.012 0.017 le 
to 1, incl............ 0.015 | 0.020 | 


Section 8.—In Table V, change the 
range in standard thickness for grade 
No. 1 from “gy to 35 in., incl.” to read 
“0.010 to 3 in. incl.” 

Section 9.—Change Table VI from its 


present form to read as follows: 


‘TABLE VI.—PERMISSIBLE VARIATIONS IN 
THICKNESS. 


Permissible Variations, 


Nominal Thickness,? in. plus or minus, in. 


Grades 


Fraction of Decimal Grade 
Nos. 1, 2, 3, 
Inch Equivalent 4, No. 
0.010 0.002 
0.015 0.015. 0.0025 
0.020 2 0.003 
0.025 0.025. 0.0035 
0.005 0.0075 
0.008 0.010 
% 009 0.011 
0.010 0.0125 
le 0.011 0.014 
6.750....... 0.012 0.015 
% 0.0145 0.0175 
0.375... 0.017 .020 
A 0.438....... 0.019 0.022 
le 0.021 0.024 
54 0.024 0.027 
% 0.750....... 0.027 0.029 
1 1.000....... 0.033 0.033 


@ On sheet of nominal thickness not listed in the above 
table, the permissible variations shall be the same as 
given for the next greater thickness. 


Section 10.—Change last sentence in 
the first paragraph of footnote (a) of 
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Table VII to read as follows by the 


addition of the italicized word and figure: : 


This natural color shall be free from streaks 
or stains, and substantially uniform, except for 
grades Nos. 2 and 3 which may be mottled 
in appearance. 


Section 13.—In the first and second 
sentences change the requirement for 
marking the A.S.T.M. serial designation 


on sheets from ‘“D 467 — 37 T” to read 


TENTATIVE REVISIONS OF STANDARDS © 
Standard Methods of Testing Molded 


Materials Used for Electrical In- 
sulation (D 48 — 39) 


A standard mold for producing test 
specimens for water absorption, di- 
electric strength, and power factor is 
being submitted for acceptance. While 
the present method does not include a 
test for power factor, this test is being 
studied and will probably be presented 
to the committee this year. 

The following changes’ are recom- 
mended as a tentative revision of these 
methods: 

Section 20.—Add a new sentence at 
the end of this section to read as follows: 


The mold for making the test specimen is 
shown in Fig. 6 (the accompanying Fig. 1). 


Section 30.— Change from its present 
form to read as follows: 


30. The test specimen shall be molded in 
the form of a disk 2 in. (5.08 cm.) in diameter 
which should be } in. (3.18 mm.) in thickness 
for hot-molded materials and } in. (6.35 mm.) 
in thickness for cold-molded materials. The 
mold for making the test specimen is shown 
in Fig. 6 (the accompanying Fig. 1). 

Note.—To permit the use of one mold for 
all molding compounds the following variations 
in dimensions of the test specimens will be 
permissible: 

For hot-molded compounds 

For cold-molded compounds. 


1939 Book of A.S.T.M. III, p. 2 

* This revision was further modified by Rael Kony D-9 
and accepted by Committee E-10 on Standards, see Edi- 
torial Note, p. 356. 
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be handled in the mold is considered to require breathing. 


Fic. 1.—Mold for Test Specimens for Water 
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r 
Standard Methods of Testing Elect 
Insulating Oils (D 117 - 40):"° 


The following tentative revisions in 
the dielectric strength test are recom- 
mended in order that this method will 
correspond with practices now being 
followed in various laboratories which 
represent improvements over the present 
procedure. The requirements for test- 
ing transformers and related equipment 
correspond with those for high-voltage 
testing apparatus prescribed in the 
Tentative Methods of Test for Di- 
electric Strength of Electrical Insulating 
Materials at Commercial Power Fre- 


to Book of A.S.T.M. Standards, Part 
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quencies (D 149-39T). Two types of 
test are provided for: namely, an accep- 
tance test, and a classification test for 
operating purposes. A clearer state- 
ment has been made of the accuracy to 
be obtained from the test. 


Sections 20, 21, and 22.—Change these 
sections on the dielectric strength test 
from their present form to read as 
follows: 


DIELECTRIC STRENGTH 


20. Apparatus: (a) Transformer—The de- 
sired test voltage may be most readily obtained 
by a step-up transformer energized from a 
variable low-voltage source. The transformer 
and its controlling equipment shall be of such 
size and design that, with the test specimen in 
circuit, the crest factor (ratio of maximum to 
mean effective) of the test voltage shall not 
differ by more than plus or minus 5 per cent 
from that of a sinusoidal wave over the upper 
half of the range of test voltage. The crest 
factor may be checked by means of a sphere-gap 
or peak-reading voltmeter in conjunction with 
an r.m.s. voltmeter. For test specimens of 
small capacitance, a testing transformer as 
small as 500 v.-amp. rating or a well designed 
potential transformer may be adequate. For 
specimens of high capacitance, a transformer of 
ample kilovolt-ampere rating must be used. 
Where the wave-form cannot be determined 
conveniently, a transformer having a rating of 
not less than 2 kva. shall be used for voltages 
not exceeding 50,000 v., and one having a rating 
of not less than 5 kva. for voltages exceeding 
50,000 v. Tests shall be made at commercial 
power frequencies. 

Note.—When a transformer is used at 
voltages lower than its full rating, the current 
drawn from the high voltage winding should 
not exceed the full-load full-voltage current 
rating. 

(6) Circuit Breaker—The test transformer 
circuit shall be protected by an automatic 
circuit-breaking device designed to open in- 
stantaneously on the current produced by 
breakdown of the test specimen. A prolonged 
flow of current at the time of breakdown causes 
carbonization of the liquid and pitting and 
heating of the electrodes, and thereby increases 
the work of electrode and test cup maintenance, 
and time of testing. 

(c) Voltage Control—The rate of voltage 
rise shall not, for short-time tests, vary more 


than plus or minus 25 per cent from the specified 
rate. Control of voltage may be secured in one 
of several ways: 

(1) variable-ratio auto-transformer, 

(2) resistance-potential divider, 

(3) generator-field regulation, or 

(4) induction regulator. 

Preference should be given to equipment having 
an approximately straight-line voltage-time 
curve over the desired operating range. Motor 
drive, with variable speed control, should be 
preferred to manual drive because of the 
difficulty of maintaining a reasonably uniform 
rate of voltage rise with the latter. 

(d) Voltmeter. —The voltage shall be measured 
by an approved method which gives root-mean- 
square values, preferably by means of: 

(1) A voltmeter connected to the secondary 

of a separate potential transformer, 

(2) An electro-static voltmeter in the high- 

voltage circuit, or 

(3) A voltmeter connected to a well-designed 

tertiary coil in the test transformer. 
A voltmeter connected to the low-voltage side 
of the testing transformer may be used only if 
the ratio of transformation does not change 
appreciably with load. 

(e) Rate of Rise of Voltage.—The rate of 
voltage rise may be calculated from measure- 
ments of time required to raise the voltage 
between two prescribed values. When motor 
driven regulating equipment is used, the speed- 
control rheostat may be calibrated in terms of 
voltage rise for any particular test transformer. 

21. Electrodes—The electrodes shall be 
polished metal disks 1 in. in diameter with 
square edges, mounted with axes horizontal and 
coincident. 

22. Test Cup.—A special test cup with the 
electrodes rigidly mounted with their axes in 
a horizontal plane shall be used. The test cup 
should be of such design that no part of it is 
less than 3 in. from any part of the test faces of 
the electrodes, when the latter are in testing 
position. The total leakage and charging 
current of the test cup, when filled with a good 
grade of insulating oil, shall be less than 200 
microamperes at 20 kv., 60 cycles. The test 
cup shall be made of a material of high di- 
electric strength, must be insoluble in, and un- 
attacked by, any of the cleaning or test liquids, 
and nonabsorbent to moisture, and the cleaning 
and test liquids. Wood is not a suitable 
material for the test cup. The top of the cup 
should be about 1} in. (33 mm.) above the top 
of the electrodes. 

23. Adjustment and Care of Electrodes and 
Test Cup.—(a) The electrodes and the test cup 
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shall be wiped clean with dry, calendered tissue 
paper or with a clean, dry chamois skin. The 
spacing of the electrodes of the test cup shall be 
checked with a standard round gage having a 
diameter of 0.100 in. or flat steel “go” 
and “no-go” gages having thicknesses of 
0.0995 and 0.1005 in., respectively, and the 
electrodes locked in position. It is important 
to avoid touching the electrodes or the cleaned 
gage with the fingers or with portions of the 
tissue paper or chamois skin which have been 
in contact with the hands. The electrodes and 
cup shall then be rin.ed with dry lead-free 
gasoline, Stoddard solvent, or dry, water-white 
kerosine until they are entirely clean. Care 
shall be taken not to touch the electrodes or the 
inside of the cup after cleaning, so as to avoid 
any possible contamination. After thoroughly 
cleaning the test cup, it shall be filled with a 
sample of the cleaning fluid and voltage applied 
with uniform increase at the rate of approxi- 
mately 3 kv. per sec. (rms. value) until break- 
down occurs. If the breakdown is not less than 
the established value of the oil being tested, the 
cup shall be considered in suitable condition 
for testing. If a lower value is obtained, the 
cup shall again be thoroughly cleaned and the 
test repeated. A cleaning fluid whose break- 
down is not less than the established value of 
the oil being tested must be used. 

(b) At the beginning of each day’s testing, 
the electrodes shall be examined for pitting 
and carbon accumulation, and the spacing 
checked. The cup shall be thoroughly cleaned 
and tested as described in Paragraph (a). 
It shall then be flushed with a portion of the 
sample to be tested before it is filled for the test. 

(c) If the test of a sample is below the break- 
down value being used by the operator as a 
minimum satisfactory value, the cup shall be 
cleaned and prepared as described in Paragraph 
(a) before testing the next sample. 

Notre.—Evaporation of the cleaning fluid 
from the electrodes may chill them sufficiently 
to cause moisture to condense on their surfaces. 
For this reason, after the final rinsing with 
cleaning fluid, the cup must immediately be 
flushed with the liquid to be tested, following 
which the cup should be filled for the test. 

24. Preparation of Sample.—The sample in 
the container shall be shaken vigorously so as 
to thoroughly mix the oil and allowed to stand 
for 15 min. to permit the air bubbles to rise to 
the surface. The container shall be inverted 
three times before filling the test cup. The cup 
shall be filled with the sample to a height 

— 


of not less than } in. (19 mm.) above the top 
of the electrodes and the sample allowed to 
stand in the cup for 3 min. prior to the first 
breakdown test and 1 min. prior to the ap- 
plication of voltage for each succeeding break- 
down. 

25. Procedure: (a) Temperature of Test.— 
The temperature of the sample when tested 
shall be the same as that of the room which 
should be between 20 and 30 C. (68 and 86 F.). 
Testing at lower temperatures is likely to give 
variable results which may be misleading. 

(b) Application of Voliage.—Voltage shall be 
applied and increased at a uniform rate of 
3 kv. per sec. from zero until breakdown occurs 
as indicated by a continuous discharge across 
the gap. (Occasional momentary discharges 
which do not result in a permanent arc may 
occur; these should be disregarded.) 

(c) After each breakdown, a clean rod of 
smaller diameter than the gap shall be passed 
across the faces of the electrodes to remove any 
carbon particles that have adhered to the 
electrodes. 

26. Number of Tests: (a) Method A, Accept- 
ance Tests.—(This method must be used as a 
referee test between the seller and the purchaser.) 
Five breakdowns shal] be made on each filling 
of the test cup after which the test cup shall be 
emptied and refilled with fresh oil from the 
original sample. The test shall be continued 
until the averaged values of each of at least 
three fillings do not differ from their mean more 
than 10 per cent. In any one filling, if an 
individual breakdown differs more than 25 
per cent from the average for the filling, the 
results on that filling shall be discarded. 

(b) Method B, Classification Tests (Note).— 
When it is desired for operating purposes to 
classify an oil with respect to an established 
breakdown value, tests on one filling may be 
sufficient. If the average of five breakdowns is 
more than 5 kv. higher than the established 
value or more than 5 kv. lower than the es- 
tablished value, the oil may be classified and no 
further tests shall be required. If the average 
of five breakdowns on the first filling lies within 
the range of plus or minus 5 kv. of the es- 
tablished value, two additional fillings shall be 
made and tested. The restrictions in method A 
relative to the deviation of the individual break- 
downs per filling and deviation of the average 
of the fillings from the mean of the three averages 
shall also apply. 

Note.—This procedure has been developed 
after a study of the breakdown data on 1145 
samples. With the accumulation of further 
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data, the range of plus or minus 5 kv. may be 
reduced. Many laboratories may use narrower 
limits after studying test results. 

27. Report—The report shall include the 
following: 

(a) Procedure used, whether method A or B. 

(b) The volts (r.m.s. value) at each break- 
down, the average for each of the fillings, and 
the mean of the three fillings, if made. All 
results shall be reported to the nearest kilovolt, 

(c) The breakdown stated in kilovolts for 
the 1.0-in. disk, 0.1-in. gap, and 

(d) The approximate temperature of the oil 
at the time of the test. 


Standard Methods of Testing Sheet and 
Plate Materials Used in Electrical 
Insulation (D 229 


Following the acceptance of the Pro- 
posed Tentative Method of Test for 
Water Absorption of Plastics (D 570 
-40T) the following revisions in 
Method D 229 are recommended: 

Section 19.—Change to read as follows 
by the addition of the italicized word 
and the omission of the words in brackets: 


19. The water absorption tests are in- 
tended to determine the rate at which water is 
absorbed by the material when immersed and 
the total quantity absorbed at saturation [and 
the volatile content as received]. 


Sections 20 to 22.—Retain the heading 
for Method A and omit the present 
Sections 20 to 22, substituting for them 
the following new Section 20, and re- 
numbering the subsequent sections 
accordingly : 


20. The rate of water absorption of all 
sheet and plate insulating materials shall be 
determined in accordance with the Tentative 
Method of Test for Water Absorption of Plastics 
(A.S.T.M. Designation: D 570) of the American 
Society for Testing Materials.” 


Section 24.—Renumber as Section 22 
and change the first paragraph and 
Paragraph (a) from their present form 
to read as follows: 


4 1939 Book of A.S.T.M. Standards, Part III, p. 265. 
12 1940 Supplement to Book of AS. T.M. Standards, Part 


22. Conditioning—(a) To determine the 
total water absorbed at saturation, three speci- 
mens shall be tested individually, weighed, and 
then conditioned as described in Paragraphs 
(b) and (c). 

(b) Materials whose water absorption value 
would be appreciably affected by temperature 
in the neighborhood of 110 C. shall be dried in 
an oven for 24 hr. at 50 + 3 C., cooled in a 
desiccator, and immediately reweighed. 

(c) Specimens of materials such as phenolic 
laminated, vulcanized fiber, and other products 
whose water absorption value has been shown not 
to be appreciably affected by temperatures up to 
110 C. shall be dried in an oven for 1 hr. at 
105 to 110 C. 


Renumber Paragraph (}) as Section 
23 (a) and add a new heading to read 
“Procedure.” Reletter Paragraph (c) 
as (b) and omit the second sentence of 
this paragraph which reads as follows: 


The percentage of water absorbed shall be 
calculated on the dry weight of the specimen. 


Section 25.—Renumber as Section 24 
and change the number of specimens 
referred to in the first sentence from 
“two” to read “three.” 

Section 26.—Renumber as Section 25 
and change the heading from “Method 
C. Volatile Matter’ to read “Volatile 
Matter.” 

Sections 27 and 28.—Renumber as 
Sections 26 and 27 and in the first 
sentence of each, change the number of 
specimens from “‘two”’ to read “three.” 

Section 41.—A summary of the round- 
robin data obtained on hardness tests 
indicates that the division between 
Rockwell M and R scales is necessary 
because of certain machines riding on 
the yoke when soft materials such as 
vulcanized fiber, cellulose acetate, and 
similar materials are being tested. Fur- 
thermore, the division cannot be made 
on the basis of the Rockwell values but 
must be made on the depth of penetra- 
tion of the penetrator. Three new 
sentences at the end of Paragraph (a) 
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are recommended for inclusion in this 
section, as follows: 


Readings shall be taken on either the M or 
R scale. The M scale requires a }-in. ball 
penetrator, a minor load of 10 kg., a major load 
of 100 kg., and readings taken on the red scale. 
The R scale requires a }-in. ball penetrator, a 
minor load of 10 kg., a major load of 60 kg., 
and readings taken on the red scale. 


Change Paragraph (0) from its present 
form to read as follows: 


(6) For all sheet materials other than vul- 
canized fiber, the choice of scales to be used shall 
be determined as follows: If readings with the 
M scale show a total indentation of less than 
150 scale divisions on application of the major 
load, the readings shall be made on the M scale. 
If readings show a total indentation of 150 or 
more scale divisions, the tester shall be changed 
to the R scale combination. The total in- 
dentation shall be determined by the number of 
divisions the pointer passes through from the 
minor load position to the position when the 
major load is fully applied. 


Omit the first two sentences of Para- 
graph (c) and substitute a new sentence 
to read as follows: 


For vulcanized fiber the R scale shall be 
used. 


Section 42 (a).—Change from its 
present form to read as follows: 


(a) The Rockwell hardness number read on 
the red scale. The letter M or R shall precede 
the Rockwell hardness number depending on 
the combination which has been used in deter- 
mining the hardness. The letter R_ shall 
precede all readings made on vulcanized fiber. 


Standard Methods of Testing Laminated 
Tubes Used in Electrical Insulation 
(D 348 39): 


The following revision involves a 
change in the water absorption test to 
conform with the new Proposed Tenta- 


18 1939 Book of A.S.T.M. Standards, Part III, p. 257. 
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tive Method of Test for Water Absorp- 
tion of Plastics. 

Sections 10 to 12.—In place of the 
water absorption test described in these 
sections substitute the following, re- 
numbering the subsequent sections 
accordingly : 

10. The rate of water absorption shall be 
determined in accordance with the Tentative 
Method of Test for Water Absorption of Plastics 


(A.S.T.M. Designation: D 570) of the American 
Society for Testing Materials.” 


Standard Methods of Testing Laminated 
Round Rods Used in Electrical In- 
sulation (D 349 — 


The following revision involves a 
change in the water absorption test to 
conform with the new Proposed Tenta- 
tive Method of Test for Water Absorp- 
tion of Plastics. 

Sections 15 to 17.—In place of the 
water absorption test described in these 
sections substitute the following, re- 
numbering the subsequent sections 
accordingly: 

15. The rate of water absorption shall be 
determined in accordance with the Tentative 
Method of Test for Water Absorption of Plastics 


(A.S.T.M. Designation: D 570) of the American 
Society for Testing Materials." 


ADOPTION OF TENTATIVE STANDARDS 


AS STANDARD 


Tentative Methods of Test for Con- 
ducting Paths in Electrical Slate 
(D 273 — 36 


Although the use of slate for general 
switchboard applications has been 
largely superseded by the molded 
asbestos panelboard and other sub- 
stitutes, it is felt that a need for this 
method still exists. Since this method 
has been published as tentative for four 
years without revision, it is recom- 


is Ibid. 4 He. = mended that it be adopted as standard. 
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Tentative Methods of Testing Shellac 
Used for Electrical Insulation (D 411 
- 37 


These test methods have been in use 
for three years and have been found 
generally satisfactory. The test for 
polymerization has been found par- 
ticularly satisfactory by the shellac in- 
dustry and the method of test for flow 
has proved to be a great improvement 
over other tests existing in the industry 
prior to the adoption of this method. 
The test requires relatively simple ap- 
paratus and lends itself to much greater 
precision than has existed heretofore. 
These methods are accordingly recom- 
mended for adoption as standard. 


% 1939 Book of A.S.T.M. Standards, Part III, p. 690. 


¥ 


Report or Commitrer D-9 (APPENDIX) 


ADOPTION AS STANDARD OF TENTATIVI 
REVISION OF STANDARD 


Standard Methods of Testing Electrical 
Insulating Oils (D 117 — 


The committee recommends that the 
tentative revision of these methods 
published in June, 1935,'* which pro- 
vides for the inclusion of a reference to 
the Tentative Method of Test for Color 
of Lubricating Oil and Petrolatum by 
Means of A.S.T.M. Union Colorimeter 
(D 155 — 39 T) for determining the color 
of insulating oils, be referred to letter 
ballot of the Society for adoption as 
standard. 


1 1939 Book of A.S.T.M. Standards, Part III, p. 276 
is . 1140. 
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Sectional Committee C59 on Elec- 
trical Insulating Materials was organized 
in 1934! under the procedure of the 
American Standards Association with 
the Society as sole sponsor. The scope 
of the committee covers “‘specifications 
and methods of test for electrical 
insulating materials.”’ 

Since its organization the committee 
has in general held at least one meeting, 
and sometimes two meetings, a year, 
the last meeting having been held in 
Washington, D. C., on February 27, 
1940. 

At the Washington meeting the pres- 
ent officers of the committee were re- 
elected for the ensuing term of two 
years. 

The committee has been interested in 
a revision that has been under considera- 
tion in the A.I.E.E. Standard No. 1 
covering General Principles Upon Which 
Temperature Limits are Based in the 
Rating of Electrical Machinery and 
Apparatus. A special committee, ap- 
pointed to study the standard with the 
idea of offering any suggestions for 
changes while the standard is in draft 
form, has reported that it feels the 
standard meets the need for an authori- 
tative statement of the general principles 
involved in basing temperature limits 
for rating of electrical apparatus, and 
that it would be well for the revision to 
be used for a time as an A.I.E.E. stand- 
ard before being submitted to the 
American Standards Association for 
approval as American standard. 


~~ 1$See ASTM Buttet1n, No. 67, March, 1934, p. 7. 


REPORT OF SECTIONAL COMMITTEE 
ON 

ELECTRICAL INSULATING MATERIALS 


ASA Project: C59 


Committee C59 has followed the 
activities of Committee No. 10 on 
Insulating Oils (of the International 
Electrotechnical Commission) through 
the technical adviser to the U. S. 
National Committee, E. A. Snyder. 
Cooperative work is under way with 
Dr. Bruckman of Holland, who is chair- 
man of a special committee which is 
trying to develop a universal sludging 
test. 

The scope of the I.E.C. Committee 
No. 15 has been enlarged from shellac 
to cover insulating materials in general, 
and the title of the committee has been 
changed to Insulating Materials. W. 
H. Gardner has been appointed tech- 
nical adviser to succeed L. J. Cavanaugh, 
resigned. A draft British Standard 
Specification for Lac of the British 
Standards Institution has received very 
careful review by A.S.T.M. Committees 
D-1 on Paint and D-9 on Electrical 
Insulating Materials, and comments on 
the standard have been. transmitted 
officially to the I.E.C. 

Since the organization of Sectional 
Committee C59 in 1934, the following 
A.S.T.M. standards have been sub- 
mitted to the American Standards 
Association on the recommendation of 
the sectional committee and have been 
approved as American standard: 


Standard Methods of: se 


Testing Molded Materials Used for Electrical 
Insulation (A.S.T.M. D48-39; ASA 
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Testing Electrical Insulating Oils (D 117 — 36; 
C59.2—1937), 

Test for Insulation Resistance of Electrical 
Insulating Materials (D 257 — 38; C59.3— 
1939), 


Standard Specifications for: 


Rubber Matting for Use Around Electrical 
_ Apparatus or Circuits not Exceeding 3000 
Volts to Ground (D 178 — 24; C59.4—1935), 


and 
Rubber Insulating Tape (D 119 - 38; C59.6— 
4939). 


_ Approval was also given by the com- 
mittee for the submittal to the ASA 
of the A.S.T.M. Standard Specifications 
for Friction Tape for General Use for 
Electrical Purposes (D 69 — 38) but this 
recommendation was withheld by the 
sponsor pending a further study on the 
part of A.S.T.M. Committee D-11 on 
Rubber Products of certain objections 
raised by the railroad interests. 

The following A.S.T.M. standards are 
now being reviewed by special com- 
mittees of the sectional committee 
looking toward their submittal to the 
ASA for approval as American 
standard: 


Standard Methods of: 


Testing Sheet and Plate Materials Used in 
Electrical Insulation (D 229 — 39), 4 
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pelt 


Test for Impact Resistance of Electrical 

Insulating Materials (D 256-38), and 
Testing Molding Powders Used in Manu 
facturing Molded Electrical Insulators 
(D 392 — 38). 


A proposal that Sectional Committee 
C59 should serve as a repository for al! 
standards of an authoritative nature in 


the field of electrical insulation is being 
followed, and a special committee under 
the chairmanship of G. E. Landt has 
been appointed to secure copies of the 
standards of the various organizations, 
including trade associations, that might 
be considered at all authoritative, with 
the idea of making them available to 
the sectional committee. When the 
standards have been collected the com- 
mittee will give consideration to review- 
ing them looking toward their submittal 
to the ASA for approval as American 
standard. 


Respectfully submitted on behalf of 
the sectional committee, 
H. L. Curtis, 
Chairman. 
R. E. 


Secretary. 
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Although Committee D-11 on Rubber 
Products, as a whole, has met only once 
since the 1939 annual meeting of the 
Society, its work has been advanced 
substantially by numerous subcommit- 
tee meetings and by correspondence. 
The committee meeting was held in 
Detroit, Mich., on March 7, 1940, in 
connection with the spring group meet- 
ings of A.S.T.M. committees. 

The committee wishes to record its 
sorrow in the loss by death of C. R. 
Boggs. Mr. Boggs had been a member 
of the committee almost from its in- 
ception and, at all times, gave freely of 
his time and unusual talents for the 
advancement of the interests and work 
of the committee. He frequently served 
in official capacities, the most recent 
being as vice-chairman and acting chair- 
man of Committee D-11. It is with a 
deep sense of its own severe loss that the 
committee extends its sympathy to 
Mr. Bogg’s family and associates. 

There have been two changes in sub- 
committee chairmen due to resigna- 
tions, L. V. Cooper replacing J. J. Allen 
as chairman of Subcommittee XVII, and 
W. F. Tuley replacing E. B. Curtis as 
chairman of Subcommittee XVIII. 

Subsequent to the 1939 annual meet- 
ing, Committee D-11 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 


New Tentative Methods of Testing Sponge 
Rubber Products (D 552 — 39 T), 
New Tentative Methods of Test for Viscosity 
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and Total Solids Content of Rubber Cements 
(D 553 - 39 T), and 

Proposed Revision of Tentative Methods of 
Testing Hard Rubber Products (D 530 - 
39 T). 


These recommendations were ac- 
cepted! by Committee E-10 on Sep- 
tember 5, 1939, and appear in the 1939 
Book of A.S.T.M. Standards.* All three 
of these methods are applicable to fields 
where practically no standardization 
exists at present. 

The new Methods of Testing Sponge 
Rubber Products were referred to in the 
1939 annual report.’ Sponge rubber 
has, in recent years, been assuming in- 
creasing importance in industrial appli- 
cation for a variety of uses. Several 
different types of sponge are recognized 
which may be classified, first, as hard 
and soft, following the usual practice 
in distinguishing between hard rubber 
and ordinary soft rubber. They may be 
further classified, according to method of 
manufacture, into chemically blown 
sponge, expanded cell-type sponge, and 
foamed latex. These classes all have 
somewhat different properties and none 
of them can be tested by the methods 
used for the ordinary grades of rubber 
without modification. Prior to the 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-11 reported the following 
results of the letter ballot vote of a total of 60 ballots 
returned from a committee membership of 105: D 552 - 39 T 
and D 553 - 39 T, affirmative 42, negative 0, ballots marked 

“not votin 48; D 530 - 39 a rmative 44, negative 0, 
ballots marked ‘‘not voting”’ is. 
pa, 1939 Book of A.S.T.M. Standards, Part III, pp. 931, 

, 939. 

Am. Soc. Testing Mats., Vol. 39, p. 475 
1939). 
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of Subcommittee XXII, there 
had been practically no standardization 
in the field of sponge rubber. This sub- 
committee started work very actively 
immediately after its formation in June, 
1938, undertaking as its first project, 
the standardization of test procedures. 
After surveying the field, certain tests 
were found to be of particular import- 
ance and capable of reduction to stand- 
ard practice. The new methods 
accepted by the Society represent the 
results accomplished thus far. The 
subcommittee is entitled to great com- 
mendation for the diligence and speed 
with which it has advanced standardiza- 
tion in this field. 

A situation similar to that concerning 
sponge rubber has existed in the field of 
rubber cements. In the past there has 
been little standardization but great 
need for reliable methods of determining 
the quality of products offered for sale. 
Total solid content and viscosity are two 
properties which are very important. 
As mentioned in the 1939 report,* Sub- 
committee XXI had been carrying out 
extensive work in this field and the 
methods accepted for publication as 
tentative are the first part of this 
standardization project. 

The Methods of Testing Hard Rubber 
Products, which were accepted for pub- 
lication as tentative at the 1939 annual 
meeting and _ subsequently revised 
through Committee E-10, may likewise 
be considered the first effective stand- 
ardization effort in connection with the 
quality control of hard rubber. There 
had been previous efforts along these 
lines but little was accomplished in the 
way of tangible results. Subcommittee 
XXIII has been working diligently 
since its organization in March, 1938, 
and it is especially noteworthy that this 
subcommittee has been able to bring 
into existence and agree upon methods of 


4 Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 474 
(1939). 
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test in so short a time after all previous 
attempts failed. 

The Standard Specifications for Rub- 
ber Insulating Tape (D 119 — 38) have 
been approved by the American Stand- 
ards Association as American standard. 
The date of approval is July 27, 1939, 
and the A.S.A. number assigned to the 
standard is C59.6 — 1939. 

Committee D-11, at its March meet- 
ing, decided to extend its scope to include 
rubber-like products. This change was 
approved on April 9, 1940, by the Execu- 
tive Committee of the Society, and the 
revised scope now reads as follows: 


Scope.—The formulation of specifications 
and methods of test for products made from 
rubber or rubber-like materials, including 
research investigations concerning the proper- 
ties of these materials. 


The constantly increasing interest in 
the activities of the committee is evid- 
enced by the number of new members 
who have been added during the year. 
The membership of the committee now 
totals 109, of whom 48 are classified as 
producers, 36 as consumers, and 25 as 
general interest members. 


I. NEw TENTATIVE STANDARDS 


Tentative Methods of Testing Automo- 
tive Hydraulic Brake Hose.’—These 
methods have been developed by Tech- 
nical Committee A on Automotive Rub- 
ber and approved by Subcommittee I 
on Mechanical Rubber Hose in response 
to the urgent request of automotive 
engineers and state highway depart- 
ments for suitable standards for the 
control of the hydraulic brake hose used 
on licensed vehicles on the highways. 
With the current widespread use of hy- 
draulic brakes, inferior or defective hose 
introduces a very serious safety hazard. 
Heretofore, there has been no accepted 
standard for this material and many 
cases are on record where hose entirely 


sees | methods were accepted as tentative by the 
coer ms appear in the 1940 Supplement to Book 
S.T.M. S rds, Part III, p. 359. 
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unsuited to the service has been em- 
ployed. Some state legislatures con- 
template action in this connection, and 
the establishment of suitable standards 
is essential. In undertaking to develop 
these standards, Technical Committee 
A divided its program into two parts, 
one covering the preparation of standard 
purchase specifications giving the neces- 
sary quality requirements, and the other 
covering the development of standard 
test methods for evaluating the quality 
requirements. It was further decided 
to offer the specifications to the Society 
of Automotive Engineers for inclusion 
among its standards, and to submit the 
methods of test to the A.S.T.M. with the 
recommendation that they be accepted 
for publication as tentative.® 

Tentative Methods of Test for Com- 
pression-Deflection Characteristics of Vul- 
canized Rubber.*°—There has long been 
a need for standard methods of compres- 
sion testing of rubber although com- 
pression tests were the first to be applied 
in the case of vulcanized rubber. Prog- 
ress has been much more rapid in tension 
testing than in compression testing. 
During recent years, service applica- 
tions of rubber in compression for sup- 
porting loads and absorbing vibration 
have increased so rapidly that action in 
filling this need has become imperative. 
Also, since the compression properties 
of the material are so closely related to 
hardness, it has been thought that the 
load-deflection characteristics might be 
used in place of hardness figures for 
classification of different rubber com- 
pounds. This seems especially desirable 
because the properties so defined are 
often more directly related to the service 
requirements of a rubber article, and also 
because the methods more commonly 
used for determining the hardness of 
tubber have not proven entirely satis- 


ane methods were accepted as tentative by the 
and appear in the 1940 Supplement to Book of 
ASTM" Standards, Part III, p. 338. 
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factory. Therefore, T wenn Commit- 
tee A on Automotive Rubber, in col- 
laboration with Subcommittee XVII, 
undertook to prepare test methods and 
to investigate their possibilities. The 
methods that Committee D-11 is recom- 
mending for publication as tentative® 
are the result of this work. Their 
utility and reproducibility have been 
demonstrated by an extensive coopera- 
tive test program on rubber compounds 
of both 40 and 60 Shore durometer 
hardness, tested independently in eight 
different cooperating laboratories. 
Tentative Method of Test for Accelerated 
Aging of Vulcanized Rubber by the Oxy- 
gen-Pressure Method at 80 C.—The 
oxygen pressure method of accelerated 
aging was first issued as tentative in 
1935 (A.S.T.M. Methods: D 428) al- 
though this test had been in common use 
at that time for about ten years. Dur- 
ing all of the period up to the present, 
the conditions under which the rubber 
was exposed to the action of oxygen 
have been specified as 300-lb. oxygen 
pressure and 70 C. This same period 
has marked the development and intro- 
duction into common use of antioxidants 
which are incorporated in rubber com- 
pounds to improve their resistance to 
oxidation. As a result, the exposure 
periods of the test, during which the 
deterioration agencies act on the rubber, 
have steadily become increasingly longer. 
It has been felt for some time that meas- 
ures should be taken to make the method 
more severe and decrease the time re- 
quired for conducting the test. Un- 
fortunately, this problem is not simple 
because the oxidation reaction is quite 
complex and the exact mechanism of the 
deterioration of rubber is none too well 
understood. It was known that higher 
temperatures would accomplish the re- 
sults desired but considerable evidence 
was advanced showing that, at tem- 
peratures above 90 C., the nature of the 
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deterioration is different and the propor- 
tional rate of change deviates from that 
expected. Also, the accumulated ex- 
perience of 15 years, which has thor- 
oughly established the utility and 
reliability of the original test conditions, 
cannot lightly be discarded in favor of 
new ones without more experience than 
can be gained quickly in cooperative 
testing. Considerable test data have 

been considered by the committee in- 
a =e exposure temperatures of 80 and 


The ‘committee is now proposing to 
adopt as standard, as recommended 
later in this report, the original oxygen 
aging procedure described in Methods 
D 428 but, in order to meet the need 
_ for a shorter test, it is recommending for 
publication as a tentative revision’ of 
the newly adopted standard a procedure 
using 80 C. in place of 70 C., with the 
thought that in due time, after suffici- 
_ ent experience has been gained by actual 
trial, the test at 80 C. may replace the 
_ former one at 70 C. 
Tentative Specifications for Insulated 
Wire and Cable: Ozone-Resistant Type 
-Insulation.2—These specifications, which 
are recommended for publication as 
_ tentative, have been prepared by Sub- 
committee V_ after considerable in- 
vestigation extending over several years. 
_ They are intended to cover a type of 
insulation compound, designed  spe- 
cifically to resist the action of ozone 
which is frequently encountered in 
electrical circuits, particularly carrying 
the higher voltages. The present in- 
_sulated wire specifications are not con- 
sidered to be adequate in this respect. 


II. REVISIONS OF TENTATIVE 
STANDARDS 


The committee is proposing revisions 


7This revision was accepted as tentative by the 
Society and oppure in the 1940 Supplement to Book of 

S.T.M. Standards, Part III, p. 570. 

8 These specifications were accepted as tentative by 
the Society and appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part ITI,p.396. 


of several tentative specifications ond 
methods of test, as indicated below, and 
recommends that the tentative stand- 
ards as revised be continued as ten- 
tative. 


Tentative Specifications for Insulated 
Wire and Cable: Class AO, 30 per cent 
Hevea Rubber Compound (D 27- 
39 


Section 2.—At the end of this section 
add two new sentences to read as 
follows: 


Metallic coatings other than tin may be 
used if approved by the purchaser. Coatings 
conducive to galvanic action at splices, such as 
zinc, are not recommended. 


Section 29.—At the end of this section 
add a sentence to read as follows: 


Other types of tape may be used if approved 
by the purchaser. 


Table V.—Change Note 5 to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


Norte 5.—Above 5000 v. alternating-current, 
[special high-voltage rubber compounds are 
preferred according to manufacturer’s recom- 
mendations]  ozone-resistant insulation is 
recommended as prescribed in the Tentative 
Specifications for Insulated Wire and Cable: 
Ozone-Resistant Type Insulation (A.S.T.M. 
Designation: D 574) of the American Society for 
Testing Materials. 


Change the minimum conductor sizes 
for various voltage ratings in Table V 
to agree with those prescribed in the 
new Tentative Specifications for Insu- 
lated Wire and Cable: Ozone-Resistant 
Type Insulation, as follows: 


For 2001 to 3000 v. and for 3001 to 4000 v., 
change the minimum conductor size from “No. 
14 to No. 8” to read “No. 10 to No. 8.” 

For 4001 to 5000 v., change the minimum 
conductor size from “No. 14 to No. 8” to read 
“No. 8.” 


* 1939 Book of A.S.T.M. Standards, Part III, p. 886. 
10 1940 Supplement to Book of A.S.T.M. Standards, 


Part IIT, p. 396. 
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RUBBER 
For 5001 to 6000 v., grounded and un- 
grounded, change the minimum conductor size 
from “No. 14 to No. 0000” to read “No. 8 to 
No. 0000.” 


Tentative Specifications for Insulated 
Wire and Cable: Performance Rubber 
Compound (D 353 —- 39 T)," and for 
Insulated Wire and Cable: Heat-Re- 
sisting Rubber Compound (D 469 - 
39 T) 312.18 


Table II.—Make the same changes in 
this table and in Note 5 as are recom- 
mended above in Table V of Specifica- 
tions D 27 — 39 T. 


Tentative Methods of Testing Flat Rubber 
Belting (D 378 — 39 T):4 


Section 4 (d).—At the end of this 
section add two new sentences to read 
as follows: 


When determining the cover thickness of a 
belt it is essential to have the specimen lie 
flat on the platform of the micrometer and the 
projecting ends must be properly supported to 
prevent tilting. The test specimen may consist 
of a small section cut from the belt. 


Section 8 (a).—At the end of this sec- 
tion add a new sentence to provide for 
the direction in which the tension speci- 
men shall be taken, to read as follows: 


The test specimens shall be stamped from 
the covers in a transverse direction, at right 
angles to the axis of the belt. 


Oil Immersion Test.—Add as new 
Sections 10 to 16, renumbering the sub- 
sequent sections accordingly, the oil 
immersion test appended hereto." 

Section 15 (a).—Change the next to 
the last sentence from its present form: 
namely, 


- 1939 Book of A.S.T.M. Standards, Part III, p. 


2 Tbid., p. 902. 

..° A further revision in these specifications was sub- 
Mitted subsequent to the annual meeting, see Editorial 
Note, p. 380. 

¥ 1939 Book of A.S.T.M. Standards, Part III, p. 873. 

4 This revision was accepted by the Society and has 
been incorporated in the methods which appear in the 
ppg upPlement to Book of A.S.T.M. Standards, Part III, 
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If the specimen breaks in the jaws the results A 
shall be discarded and the test shall be repeated. —__ 


to read as follows: 


Test specimens that break in the jaws or that, 
upon examination, are found to be imperfect 
shall be discarded, and retests shall be made 
unless the results obtained in the first test 
exceed minimum values that may be required by 
detailed specifications. 


Tentative Methods of Testing Rubber 
Hose (D 380 — 39 T):* 


The revisions given below are recom- 5 
mended so that the methods will con- 
form to best current practice. ; 

Section 16—Change the next to the 7 
last sentence to read as follows by the 
addition of the italicized words and 
figures: 


The petcock shall then be closed and the 
pressure shall be applied at a uniform rate of 
increase of approximately 1000 psi. per min., 
except for hose with bursting strength specified 
above 2000 psi., in which case the pressure shall be 
applied at a rate of 10,000 psi. per min. or as 
rapidly as pump capacity will permit. 


Following this section add a note to 
read as follows: 


Norte.—The specified rate of 1000 psi. per 
min. requires too much time for small-diameter 
high-strength hose, such as hydraulic brake 
hose, wire reinforced grease gun hose, etc. 
With 4% in. hydraulic brake hose, pressure 
increases at rates as high as 40,000 psi. per min. 
are satisfactory. 


Section 17.—Change the heading of 
this section from “Bursting Test” to 
read “Bursting Tests’; designate Para- 
graph (a) as “Straight Bursting Test,” 
Paragraph (b) as “Curved Bursting 
Test,” and add a new Paragraph (c) 
covering “Hold Test,” to read as fol- 
lows: 


(c) Hold Test.—When a hold test is specified 
instead of a bursting test, pressure shall be 
applied as described in Section 16 until the 
required pressure is reached. The specimen 
shall withstand the specified pressure for a 


416 1939 Book of A.S.T.M. Standards, Part III, p. 863. 
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10-min. period without bursting, leaking, or 
developing other defects. Specimens which 
have been subjected to this test shall not be 
considered fit for service. 


wat 
Section 24 (e).—In the sixth sentence 
change the specified drying time from 
24 hr.” to read ‘‘4 hr.” 


Tentative Methods of Test for Compression 
Set of Vulcanized Rubber (D 395 - 
37 18 


A less expensive compression device 
using a different method of applying 
the spring load from that now specified 
in Method A has been developed and 
found to be equally satisfactory. Also, 
it is considered essential for accurate re- 
sults, to control the temperature of the 
compression device at the beginning of 
the test. The following revisions are 
therefore recommended: 

Sections 7 and 8.—Combine these sec- 
tions into a new Section 7 to read as 
follows, renumbering the subsequent 

sections accordingly: 


7. Compression Device.—The compression 
device shall consist of a loading spring and two 
parallel compression plates assembled by means 
of a frame or threaded bolts in such a manner 

_ that the device shall be portable and self- 
- contained after the load has been applied and 
that the parallelism of the plates shall be main- 
tained. The load may be applied in either of the 
following ways: 
(a) Calibrated Spring Loading.—In this case 
‘the required load shall be applied by a screw 
mechanism for compressing a calibrated spring 
the proper amount as measured to the nearest 
_ hundredth of an inch. The spring shall be of 
properly heat-treated spring steel with ends 
ground square and perpendicular to the longi- 
- tudinal axis of the spring. A suitable com- 
_ pression device is shown in Fig. 1.* 

The spring shall conform to the following 

requirements: The spring shall be calibrated 


17 1939 Book of A.S.T.M. Standards, Part III, 
8 A further revision in these methods was submitted 
; subsequent to the annual meeting, see Editorial Note, 
Pp. 
} @ This refers to Fi ig. 1 in the present method, see 1939 
‘ Book of A.S.T.M. Standards, Part III ,p. 841. 


or 


at room temperature (24 + 5 C. (75 + 9 F,)) 
by applying successive increments of load of 50 
+ 0.5 lb. and measuring the corresponding 
deflection in hundredths of an inch. The curve 
obtained by plotting the loads against the 
corresponding deflections shall have a slope 
of 4.0 + 0.2 at 400-lb. load. The slope is 
obtained by dividing the difference between the 
two loads expressed in pounds by the difference 
between the corresponding deflections expressed 
in hundredths of an inch. 


Fic. 1.—Device for Compression Set Test, 
External Loading. 


Note: Example—A spring which deflects 
1.00 in. at 400 Ib. and 0.75 in. at 300 Ib. gives a 
slope of 4.0. 

The original dimensions of the spring shall 
not change due to fatigue by more than 0.01 
in. after it has been mounted in the compression 
device, compressed under a 400-Ib. load and 
heated in the oven for 1 week at 70 C. (158 F.). 
In ordinary use, a weekly check of the dimen- 
sions shall show no greater change than this 
over a period of 1 yr. 
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The minimum load required to close the 
spring solid shall be 530 lb. 

(b) External Loading.—In this case the 
required load shall be applied to the compression 
plates and spring by external means after the 
test specimen is mounted in the apparatus. 
Either a calibrated compression machine or 
dead weights may be used for load application. 
Provision shall be made by the use of bolts and 
nuts or other devices to prevent the specimen 
and spring from losing their initial deflections 
when the external load is removed. The spring 
shall have essentially the same characteristics 
as described in Paragraph (a), but calibration 
is not required. A suitable compression device 
is shown in Fig. 2 (the accompanying Fig. 1). 


Section 9.—Change Paragraph (0) to 
read as follows by the addition of the 
italicized words and figures and the 
omission of those in brackets: 


(b) Application of Load.—The test specimen 
shall be assembled in the compression device 
using extreme care to place it exactly in the 
center between the plates so that tilting may be 
avoided. [The spring shall be compressed] 
If the calibrated spring device is used, the load 
shall then be applied by tightening the screw 
until the deflection as read from the scale is 
equivalent to that shown on the calibration 
curve for the spring as corresponding to a load 
[on the sample] of 400 lb. With the external 
loading device, a 400-lb. load shall be applied to 
the assembly in the compression machine or by 
dead weight, but in the latter case care must be 
taken to apply the weight gradually without shock. 
The nuts and bolts shall then be tightened just 
sufficiently to hold the initial deflections of the 
specimen and spring. It is imperative that no 
— load be applied in tightening the 

lis. 


Add three new sentences at the be- 
ginning of Paragraph (c) to read as 
follows: 


Before inserting the test specimens in the 
compression device, the compression device 
shall be preheated sufficiently long to insure that 
the entire assembly is at the testing temperature. 
A minimum amount of time shall be consumed 
in changing or in inserting test specimens. 
Should it be necessary to keep the device out of 
the oven longer than 20 min., it is suggested 
that the device after loading shall be immersed 
in water at 158 F. for a period of 20 min. before 
being replaced in the air oven. 
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Tentative Methods of Test for Changes in 
Properties of Rubber and Rubber-Like 
Materials in Liquids (D 471-37 T):%"* 
Sections 7 and 8 (a).—It is recom- 

mended that the reference to 95 per 

cent ethyl alcohol be changed to read 

“SDA-2B alcohol.” The reason for this 

is that very few laboratories have avail- 

able 95 per cent ethyl alcohol whereas 
permits for SDA-2B alcohol, which is 

95 per cent ethyl alcohol containing 

0.5 per cent benzene, may be obtained 

without difficulty. 


III. ADOPTION OF TENTATIVE 
STANDARDS AS STANDARD 


The committee recommends that the 
tentative methods listed below be ap- 
proved for reference to letter ballot of 
the Society for adoption as standard 
with revisions as indicated. 


Tentative Methods of Test for Abrasion 
Resistance of Rubber Compounds (D 
394 - 37 


These methods as originally issued in 
1934 included six procedures, each using 
different abrasion machines which were 
then commonly employed and also com- 
plete instructions for the preparation of 
comparison standards. Since that time, 
considerable standardization has taken 
place and the committee is now of the 
opinion that three of these methods may 
beeliminated. The remaining three em- 
ploy machines which are commercially 
available and will probably remain in 
use indefinitely. In general, preference 
seems to be given in most laboratories to 
the method originally published as 
Method B using the E. I. du Pont de 
Nemours and Co. abrader. The com- 
mittee has arranged with the V. L. 
Smithers Laboratories to make available 
certified reference standard specimens 


19 1939 Book of A.S.T.M. Standards, Part III, p. 835. 
Tbid., p. 824. 
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for this method. It is now recom- 
mended that Tentative Methods D 394 
— 37 T be revised by eliminating Method 
C using the B. F. Goodrich Co. 
abrader, Method D using the Kelly- 
Springfield abrader, and Method E using 
New Jersey Zinc Co. abrader. In the 
revised methods, the procedures em- 
ploying the E. I. du Pont de Nemours 
and Co. abrader will be designated 
Method A, the National Bureau of 
Standards abrader as Method B, and 
_ the United States Rubber Co. abrader 
Method C. 


‘Tentative Methods of Test for Accelerated 
- Aging of Vulcanized Rubber (D 428 - 


36 
These methods as originally issued in 
1935 included procedures for two types 
of test which have been in common use 
for a number of years. The older 

“ method, called the air-oven aging test, 
involved the exposure of rubber samples 
in an oven to the action of atmospheric 
air at 70 C. for extended periods and 
measurement of the extent of the de- 
terioration. In the other method, called 
_ the oxygen-pressure-chamber aging test, 
_ the samples were exposed to the action 
_ of pure oxygen at 300-lb. pressure and 

_ 70 C. temperature instead of to atmos- 
_ pheric air. Both of these methods are 
_ satisfactory as standardized and the com- 
mittee recommends their adoption as 
standard. In adopting the methods, 
_ however, a rearrangement is recom- 
mended which is to consist of separating 
_ the two types of tests into separate stand- 
ards to be designated, respectively, 
“Standard Method of Test for Acceler- 
ated Aging of Vulcanized Rubber by the 
Oxygen-Pressure Method” and “Stand- 
ard Method of Test for Accelerated Aging 
- of Vulcanized Rubber by the Oven 
_ Method.’ In separating these meth- 


-_ 1939 Book of A.S.T.M. Standards, Part III, p. 815, 
% These methods were adopted as standard by the 
Society, and a Ce in the 1940 Supplement to Book of 

_ A,S.T.M. Standards, Part III, pp. 102 and 107, respectively. 
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ods, no prey is being made in sub- 
stance or procedure. The change seems 
advisable because it is now proposed, 
as mentioned earlier in this report, to 
present for publication as a tentative 
revision of the newly adopted standard 
an oxygen pressure method in which the 
exposure of the specimens is made at a 
higher temperature. 


Tentative Methods of Test for Flexing of 
Rubber Products (D 430 — 35 T):* 


The committee recommends the adop- 
tion as standard of these tentative 
methods with certain minor editorial 
and technical revisions. Subcommittee 
VIII on Nomenclature has ruled that 
the term “flexing” refers to bending 
and does not apply to either one or 
several cycles of extension or retraction 
as used in these methods. Therefore, 
the committee proposes to change the 
title of the methods to read “Standard 
Methods of Dynamic Testing for Ply 
Separation and Cracking of Rubber 
Products,” and also to change the text 
wherever the word “flexing” has been 
misused according to the above defini- 
tion and to substitute appropriately the 
terms “dynamic fatigue,” “fatigue crack- 
ing,” or “strain.” 

In addition, the following revisions 
are recommended: 

Section 19.—Between the third and 
fourth sentences add three new sen- 
tences to read as follows: 

The specimens may be mounted on the 
machine most conveniently by holding them 
properly spaced in parallel positions in a special 
rack. The distance between the outer edges 
of the side bars of the rack shall be equal to the 
space between the jaws of the testing machine 
when positioned for holding the specimens with- 
out tension. The specimens can be mounted 
on the testing machine by bringing the jaws 
into contact with the mounting rack and tight- 
ening the clamps on the projecting ends of the 
specimens. 

Section 26.—Correct an error in the 
seventh sentence by changing the belt 
tension from ‘33 Ib.” to read “17 lb.” 
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The committee also recommends that 
the tentative standards listed below be 
approved for reference to letter ballot 
of the Society for adoption as standard 
without revision. They are believed 
to be satisfactory, having had a tenta- 
tive status for three years, during which 
time either none or very minor criti- 
cisms were received. 


Tentative Method of Air Pressure Heat Test of 
Vulcanized Rubber (D 454 - 37 T),” and 

Tentative Specifications for Rubber Gloves for 
Electrical Workers on Apparatus or Circuits 
not Exceeding 3000 Volts to Ground (D 120- 
37 T).*4 


IV. TENTATIVE STANDARDS CONTINUED 
WITHOUT REVISION 


The committee recommends that all 
tentative standards under its jurisdic- 
tion not mentioned in this report be 
continued as tentative without revision. 
The Tentative Method of Test for Re- 
sistance to Light Checking and Crack- 
ing‘ of Rubber Compounds (D 518 - 
38 T) has had a tentative status for 
two years without revision. The com- 
mittee has been carrying on extensive 
work in connection with accelerated 
light tests of rubber, as mentioned later 
in this report, and it is desirable that 
this method be continued in its present 
form until this work reaches a conclusion. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 109 members; 66 members returned 
their ballots, with the results shown in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES _ 


The subcommittees of Committee 
D-11 have been exceedingly active in 
their respective fields during the year. 
Because of the wide variety and extent 
of these activities, only a few of the 
most important may be discussed here. 


* 1939 Book of A.S.T.M. . $20. 
Ibid, D880. M. Standards, Part III, p. 820 


On RUBBER PRopucts 


Technical Committee A on Automotive 
Rubber (L. A. Danse, chairman).— 
Organization of this technical com- 
mittee was mentioned in the 1939 re- 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 
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Ballots 
Nega- |Marked 


Affirma- 
i tive 


Items tive 


I. NEw TENTATIVE STANDARDS 
Testing Automotive Hydraulic 
32 0 
Test for Compression-Deflec- 
tion Characteristics of Vul- 
canized Rubber 
Test for hecdiorated Aging of of 
Vulcanized Rubber 
— -Pressure Method at 


° 
i] 


Spec. for Insulated Wire and 
Cable: Ozone-Resistant In- 
ELI 32 3 31 


II. REvisions OF TENTATIVE 

STANDARDS 

Spec. for Insulated Wire and) 
Cable: Class AO, 30 per cent 
Hevea Rubber Compound 
(D 27 - 39 T) 

Spec. for Insulated Wire and 
Cable: Performance Rubber 
— und (D 353 - 39 T) . 33 0 33 

or Insulated Wire and 

axe le: Heat-Resisting Rub- 
ber Compound (D 469-39T).| 35 0 

Testing Flat Rubber Belting 
(D 378 - 39 T) 

Testing Rubber Hose (D 380 - 
39 


Test for Compression Set of 
Vulcanized Rubber (D 395 - 


37 
Test for Changes in Properties 
of Rubber and Rubber-Like 


Materials in Liquids (D 471 - 
37 T) 


III. AporTion oF TENTATIVE 
STANDARDS AS STANDARD 


Test for Abrasion Resistance of 
Rubber Compounds (D 394 - 
37 T), as revised 

Test for Accelerated Aging of 
Vulcanized Rubber (D 428 - 

54 0 

Test for Flexing of Rubber 
Products (D 430 - 35 T), as 

Air Pressure Heat Test of Vul- 
canized Rubber (D 454 - 


& 
° 
4 


is) 
> 


w 


37 

Spec. for Rubber Gloves for 
Electrical Workers on Ap- 
paratus or Circuits not Ex- 
ceeding 3000 Volts to Ground 


port. The personnel of the committee, 
designated jointly by Committee D-11 
and the Society of Automotive Engi- 
neers, consists of 24 members and, as 


2% Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 471 
(1939). 
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finally constituted, includes 10 repre- 
sentatives of producers of automotive 
rubber products, 11 consumer repre- 
sentatives from the automotive and 
aircraft industries, and 3 members-at- 
large representing the U. S. Army 
Ordnance Department, the Army Air 
Corps, and the Navy Bureau of Con- 
struction and Repair. 

The first meeting of the committee 
was held in Detroit, Mich., on June 8, 
1939, at which time a work program on 
automotive standards was outlined and 
decision made to start with the material 
used for rubber motor mountings. It 
was at once apparent that this work 
naturally divided into two phases, the 
first dealing with the classification of 
the various types of material used ac- 
cording to physical properties, with a 
view toward ultimately establishing 
standard specifications based on these 
properties, and the second covering 
the development and standardization 
of suitable tests for determining the 
required physical properties. It was 
decided by the committee that the 
definition of rubber compounds for 
automotive service by standardization 
of composition and chemical require- 
ments is impracticable for the most part 
and that the work should be confined 
to physical and mechanical properties. 
The technical committee has held seven 
additional meetings during the year 
with many other projects added from 
time to time. The closest possible co- 
operation has existed between the vari- 
ous interests represented and the record 
of accomplishment in so short a period 
is indeed imposing. 

During the early meetings, three sec- 
tions of the technical committee were 
established: I on Classification of Rub- 
ber Motor Mountings, II on Classifica- 
tion of Rubber Bumper Parts, and III 
on Tests. It was soon found that better 
progress might be made by having the 


product sections cover both classifica- 
tion and tests for each product, where- 
upon Section III, which had by that 
time completed a survey of existing test 
methods used in current automotive 
specifications, was then reconstituted 
as a section on Development of Stand- 
ards for Hydraulic Brake Hose. 

The Section on Motor Mountings 
found that it is customary in the auto- 
motive industry to class rubber for motor 
mountings by different grades of hard- 
ness, usually defined in terms of the 
reading by the Shore durometer. Much 
dissatisfaction exists with this method, 
and the A.S.T.M. hardness instrument 
has not proven to be a satisfactory 
substitute because of lack of convenience 
and adaptability in use for inspection 
purposes. The section decided that 
better results could be obtained by 
classifying the rubber according to its 
compression-deflection characteristics, 
although the desirability of a satisfactory 
indentation hardness test which would 
employ a small hand instrument having 
both convenience and accuracy was still 
fully appreciated. Work was, there- 
fore, directed toward the accomplish- 
ment of both of these ends, namely, the 
preparation of a method of compression- 
deflection testing and the securing of a 
suitable hand hardness tester. In de- 
veloping the compression-deflection 
method, extensive technical studies were 
made with eight laboratories cooperat- 
ing and the result is presented elsewhere 
in this report. Work is continuing on 
this method but is now directed toward 
the standardization of apparatus in 
which the committee has the coopera- 
tion of four manufacturers of testing 
equipment. A great deal of effort has 
been expended in connection with the 
problem of obtaining a suitable hardness 
tester. Four newly designed instru- 
ments have been submitted to the com- 
mittee by the manufacturers and have 
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fica- been investigated by a number of 
lere- laboratories. This work, however, has 
that not yet reached a satisfactory conclusion. 
test With the completion of the compression- 
.tive deflection method of testing, the section 
uted prepared a classification of motor mount- 
and- ing stocks, specifying the properties of 
hardness, compression-deflection, maxi- 
‘ings mum compression set, and minimum 
uto- adhesion to metal on five different 
otor grades. It was planned to recommend 
ard- this as an S.A.E. standard but the sec- 
the tion withheld such action when it was 
[uch found that further work was needed on 
hod, the method for determining compression 
nent set and additional checking seemed 
tory desirable on the load-deflection tests. 
‘ence The Section on Bumper Parts has 
ction also carried out very extensive investiga- 
that tions and test programs. Bumper ma- 


| by terials were originally classified in three 
o its grades according to hardness. This 
stics, section has reached agreement with the 


tory Section on Motor Mountings relative 


ould to the use of hardness and compression- 
wing deflection methods. The question of 
; still impact has presented a serious problem 
here- to this section because bumpers may fail 
alish- either by rupture, as the result of sudden 
r, the severe shock, or by heat failure and dis- 
ssion- integration as the result of repeated 


ofa deflection with rapid frequency. Suit- 
able tests to evaluate these character- 
istics have not yet been agreed upon 
were and the section is devoting very serious 


yerat- study to the problem in an effort to 
vhere develop and standardize such tests. 

1g on Most of the work of Section III on 
ward Hydraulic Brake Hose has been already 
3 in discussed earlier in this report in connec- 
ypera- tion with the recommendation on the 
asting Tentative Methods of Test for Hy- 
t has draulic Brake Hose. Since the comple- 
h the tion of these methods, and the specifica- 
dness tions which are being presented as an 
astru- S.A.E. standard, all of which was 
oo accomplished with remarkable rapidity, 
have a new project relating to automotive 
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hose has been undertaken. The atten- onl 
tion of the section at the January meet- 
ing was called to the fact that consider- jibe 
able difficulty is being encountered in Ep 
automotive service from the coolants 
which come in contact with the hose 
used in radiators and car heating sys- 
tems. Measures are urgently needed 
to eliminate this situation, either by — 
assuring the use of properly resistant 
hose or by preventing the use of im- 
proper coolants. The first step to this 
end would be the development of suit- 
able test methods, and the section is 
now actively at work on this problem. 

In connection with the extensive work _ 
which has been done, the technical com- 
mittee has frequently felt the need of a 
suitable means of obtaining fundamental 
information concerning properties of _ 
rubber and methods of test where such anita 
information is not now available. A — “ah 
proposal was made that the committee 
consider the establishment of a tech- 
nical research foundation through which _ 
such information might be obtained. _ 


This proposal has been given serious es 
study but no decision has as yet. been Meee 
reached because of the formidable diffi- — ah 
culties which the proposal presents due 
to the magnitude of its scope and the 


problem of adequately financing such 
a program. The need for such coopera- 
tive research is very definitely recognized 
and it is hoped that further study may ag Pah 
offer some means of overcoming the 
difficulties. 
Subcommittee I on Mechanical Rubber 

Hose (E. G. Kimmich, chairman).—This 
subcommittee has been cooperating ac- 
tively with Technical Committee A = 
its work on hydraulic brake hose. It — 
has now had referred to it by the techni- — 
cal committee the problem, mentioned 
above, of automotive radiator and car 
heating system hose. A section has = 
been organized and work has been 
started on this problem. 
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Subcommittee VI on Packings (William 
Staniar, chairman).—This subcommittee 
has had its name changed from “Pack- 
ings, Gaskets, and Pump Valves” to 
“Packings.” According to the defini- 
‘ad z* tions which it has adopted, a gasket is a 
special form of packing, and a valve disk 
is a special type of gasket. The term 
“packing”, therefore, is the more general 
term. 

The section, mentioned in the 1939 
report,” that was appointed to survey 
the methods of test in current use, com- 
pleted its work and prepared a digest of 


its activities, a summary of which has 
Wy been given by the secretary of the sub- 
committee, Frederick Thorn, in the 


ASTM BULLETIN.” 

The section that was organized to 
prepare standards for sheet packings con- 
So sidered a proposed draft which was based 
a on the conventional tests, but after de- 
tailed study it felt that these tests were 
-__ jnadequate and that the work should be 
a ee deferred pending a more comprehensive 
study of test methods, particularly of 
the performance type. A special sec- 
tion on Stress Decay in Packings has 

__- been organized and is already at work 

3 on the problem of development of better 
tests for packings. 

While Subcommittee VI has not yet 
found itself in a position to recommend 
any new standards, a great amount of 
work has been done and a foundation is 
being laid upon which sound future 
progress may be based. 
Pa Subcommittee XI on Chemical Analysis 
of Rubber Products (S. Collier, chair- 
man).—This subcommittee has con- 
tinued its investigation of methods for 
the determination of small amounts of 
manganese and copper in rubber and 
has completed the additional coopera- 
tive studies mentioned in last year’s 
report. It is expected that definite 


r 


« 
fe recommendations may be forthcoming 


% Proceedings, Am. Soc. Testing Mats., Vol. 39, pp. 
472, 473 (1939). 
7 ASTM Butteti, No. 104, May, 1940, p. 17. 
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which will be presented to the Society 
through Committee E-10 on Standards 
subsequent to this annual meeting. * 

The section that was organized to 
study and write revised procedures for 
the Standard Methods of Chemical 
Analysis of Rubber Products (D 297 - 
39) has been actively at work. This 
section has cooperated with the Federal 
Specifications Executive Committee in 
revising the methods appearing in the 
Federal Specification for Rubber Goods 
(ZZ-R-601). As a result of this work, 
there are a number of changes in the 
Society’s methods which should be made 
immediately to bring them in line with 
the Government standard. In addition, 
the section contemplates the inclusion 
of methods of ash analysis as well as 
several other changes and additions. In 
view of this situation, it seems probable 
that the committee will recommend in 
the near future that the present Stand- 
ard Methods of Chemical Analysis of 
Rubber Products (D 297 — 39), be 
reverted to the tentative status until all 
of the contemplated changes can be 
incorporated in them.” 

Subcommittee XIV on Abrasion Tests 
for Rubber Products (G. S. Haslam, 
chairman).—In addition to the recom- 
mendation that the Tentative Methods 
of Test for Abrasion Resistance of 
Rubber Compounds (D 394 - 37 T) 
be adopted as standard, as mentioned 
earlier in this report, this subcommittee 
has prepared a proposed tentative 
method for determining the tear resist- 
ance of vulcanized rubber. This work 
was done at the request of Technical 
Committee A, many of whose members 
have expressed need for such a test. 
Unfortunately, the best available tech- 
nical information seems to indicate that 
none of the present tear tests is reliable 
as a true measure of tear resistance under 
all service conditions. The subcom- 
mittee has been forced, therefore, to 
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select the procedure which is in widest 
use and prepare this in standard form, 
though it recognizes that the method is 
not entirely satisfactory. This sub- 
committee has handled the assignment 
because abrasion has been defined as a 
combination of tearing and cutting. 
The subcommittee expects to present 
the new test method to the Society 


through Committee E-10 on Standards” . 


in the near future. 

Subcommittee XV on Life Tests for 
Rubber Products (J. H. Ingmanson, 
chairman).—In addition to the work 
which is represented by the recommenda- 
tions mentioned earlier in this report 
dealing with accelerated aging tests, 
this subcommittee has given a great 
deal of attention during the year to 
methods of testing rubber compounds 
for resistance to light aging. Two years 
ago the subcommittee prepared a Tenta- 
tive Method of Test for Resistance to 
Light Checking and Cracking of Rubber 
Compounds (D 518~38T). This 
method is widely used but is not ade- 
quate because of the natural wide 
variations in quality and duration of 
sunlight in different geographical loca- 
tions. Such tests are also necessarily 
extended over long periods and there is 
great need for an accelerated light test 
which can be carried out in the labora- 
tory under controlled artificial light 
conditions. In attacking this problem 
it was felt that the first requisite would 
be a means whereby the intensity and 
quality of radiation of a light source 
selected as standard could be calibrated. 
A suitable method is now available and 
is based on the fact that oxalic acid in 
the presence of uranyl sulfate in aqueous 
solution is photochemically decomposed 
by light essentially at a rate in direct 
proportion to the intensity and total 
radiation of the light source to which 
the solution is exposed over a given 
wave-length range selected for the test. 
The calibration method, therefore, in- 
volves exposure of a standardized oxalic 
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acid — uranyl sulfate solution ina quartz 
cell to the radiation to be evaluated, 
followed by a determination of the 
quantity of oxalic acid decomposed 
during a measured time period of ex- 
posure. This calibration method may 
also be adapted for measuring and in- 
tegrating the intensity or total exposure 
from other light sources which are in- 
termittent or variable, such as sunlight. 
The subcommittee has also prepared a 
proposed tentative method of testing 
rubber compounds for resistance to 
accelerated light aging using a standard- 
ized artificial light source in a specified, 
specially designed apparatus which in- 
cludes the light source, suitable filters, 
a water spray, and a revolving hood 
with facilities for mounting specimens 
for exposure. It is expected that both 
the method for calibration of the light 
source and the method for testing rubber 
specimens under the artificial light will 
be presented to the Society through 
Committee E-10 on Standards this 
summer. ** 

Subcommittee XXIII on Hard Rubber 
(W. H. Juve, chairman).—Following 
the approval for publication in 1939 of 
the Tentative Methods of Testing Hard 
Rubber Products (D530-39T) the 
subcommittee felt that further work 
should be done to make certain that the 
best methods had been selected and that 
various laboratories testing hard rubber 
products could satisfactorily duplicate 
results by their use. An extensive co- 
operative testing program was, there- 
fore, undertaken and is now in progress. 
Three typical qualities of hard rubber 
having known compositions have been 
prepared at central points and the neces- 
sary samples for complete chemical, 
physical, and electrical tests have been 
supplied to 16 cooperating laboratories. 
It is expected that valuable criticisms 
and suggestions for improvement may 
result from this program in addition to 
a substantial amount of data relative to 
the present methods. 
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As a new project, the subcommittee = = Chairman, O. M. Hayden. 
also has under consideration a standard- = = ~—_—*Vice-Chairman, J. J. Allen. 
q ization program on material used in —<CSecretary, Arthur W. Carpenter. 
t manufacturing the asphalt type of The following members with the 
7 battery container. above officers were elected to constitute 


Thi eure bmitt the advisory subcommittee: S. Collier, 
is report has been submitted ‘to G. S. Haslam, M. E. McDonnell, and 


; letter ballot of the committee which “Ne PR 
- 2 consists of 109 members; 66 members encased 
% returned their ballots, of whom 53 have Respectfully submitted on behalf of 
4 voted affirmatively and 0 negatively. ‘the committee, 
O. M. Haypen, 
. The election of officers for the ensuing Chairman. Ser 
term of two years resulted in the selec- Artuur W. CARPENTER, 
% tion of the following: Secretary. is 
% apace Subsequent to the annual meeting Committee D-11 presented to the Society . 
hough Committee E-10 on Standards the following recommendations: hav 
Revision of Tentative Methods of: tha 
Test for Compression Set of Vulcanized Rubber (D 395-40T), inte 
Tension Testing of Vulcanized Rubber (D 412 39 T), ah sun 
Rubber Insulated Wire and Cable (D 470 39 T), of 
a digas Test for Changes in Properties of Rubber and Rubber-Like Materials in ins' 
Liquids (D 471 40 T), 
Revision of Tentative Specifications for: Th 
4 raha! Insulated Wire and Cable: Heat-Resisting Rubber Compound the 
i (469-40), 
ne _--- Tentative Revisions of Standard Methods of: as | 
Sample Preparation for Physical Testing of Rubber Products (D 15 39), 
4 lk, Chemical Analysis of Rubber Products (D 297 — 39), in the form of new WI 
43 : Lum Tentative Methods of Chemical Analysis of Rubber Products 2 
fe y (D 297 — 40 T). or 
i. "These recommendations were accepted by Committee E-10 on August 28, spe 
= sal J 1940, and the tentative standards in their revised form and the tentative as 
revisions appear in the 1940 Supplement to Book of A.S.T.M. Standards, hay 
“44 ——- Part III, pp. 332, 320, 410, 327, 390, 570, and 295. ‘ids 
14 _ Committee D-11 also submitted Proposed Tentative Methods of Test for 
he : rv Resistance to Accelerated Light Aging of Rubber Compounds, Calibrating a = 
- ae Light Source Used for Accelerating the Deterioration of Rubber, and Test for ran, 
l _ Tear Resistance of Vulcanized Rubber, but in view of the number of negative whi 
_— votes cast on these items, the methods were not approved by Committee E-10 is li 
(oa = for publication as tentative but instead the three proposed methods are pub- thr 
: 7 lished as information, as appended to this report on pages 381, 385, and 389. fror 
; 4 hd, On September 26, 1940, Committee E-10 accepted for publication a new ary 
” ee Tentative Method of Test for Physical State of Cure of Vulcanized Rubber resi 
: _ (T-50 Test), and approved the withdrawal of the Standard Methods of Chemi- per 


cal Analysis of Rubber Products (D 297-39). The new tentative method 


i? appears in the 1940 Supplement to Book of A.S.T.M. Standards, Part III, 
sap, 341, bearing the designation D 599 40 AS] 
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PROPOSED METHOD OF TEST FOR RESISTANCE TO ACCELERATED — 
LIGHT AGING OF RUBBER COMPOUNDS! 


+6 This is a proposed method and is published as information only. ; 
ra Comments are solicited and should be addressed to the American iviiniess 
Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. uf ut indies 2 


Scope 


1. This method is intended for use 
as a static accelerated test applicable for 
estimating the comparative resistance 
of soft vulcanized rubber compounds to 
deterioration when exposed to light 
having a frequency range approximating 
that of sunlight but having a greater 
intensity in the ultraviolet range than 
sunlight. It is believed that the range 
of wave lengths which are particularly 
instrumental in causing the cracking of 
rubber lie in the range of 295 to 335 mu. 
This method is not intended to cover 
the testing of materials ordinarily classed 
as hard or semihard rubber. 


Type of Test 


2. This test consists of continuously 
or intermittently exposing rubber 
specimens held in a jig or holder under 
a specified strain to the effect of light 
having essentially the same wave lengths 
as are found in natural sunlight but with 
increased intensity in the ultraviolet 
range. The frequency of the light to 
which the rubber specimens are exposed 
is limited in the lower range by filtering 
through a Corex D filter which transmits 
from the region of 295 my. The prim- 
ary criterion to be used in estimating 
resistance to light aging shall be the 
percentage decrease in tensile strength 


1This proposed method is under the jurisdiction of the 
AS.T.M. Committee D-11 on Rubber Products. 


Be tng 


and in elongation at break. A supple- 


mentary criterion for estimating resist- _ 
ance to light aging shall be the observed 
extent of surface crazing and cracking. 


Apparatus 


3. The apparatus shall consist of a a 


light source, filters, a suitable revolving 
hood, facilities for mounting specimens 
for exposure, a water spray, power equip- 
ment, and controls. The apparatus 
shall preferably conform to the require- 
ments prescribed in the following Para- 
graphs (a) to (#), but equipment other 
than that described will be acceptable 
providing the range of light radiation is 
approximately the same as that produced 
in the apparatus described: 

(a) The light source shall be of the 
flaming arc type. The lamp shall have 
a dual trim mechanism and shall be 
designed to operate on 230 v., 60 cycle 
alternating-current circuits. The arc 
shall operate normally at 60 amp. and 
50v. The lamp shall accommodate two 
pairs of carbons but shall burn between 
only one pair of carbons at a time. 
When one set of carbons burns back, the 
arc shall shift to the other pair without 
interruption. The carbons used shall 
be cored and copper coated. They shall 
be of such length that when: operating 
at 60 amp. and 50 v. the two pairs shall 
operate for approximately 9 hr. The 
lamp shall be mounted on a suitable 
framework equipped with cables, pulleys, 
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and counterweights for raising the lamp 
for inspection and replacement of car- 
bons. 

(6) The lamp shall be surrounded by 
a framework holding Corex D filters 
to limit the radiation from the arc 
essentially to wave lengths found in 
natural sunlight. Filters 
frames shall be removable. 

(c) The lamp and filters shall be 
centrally located in a drum or circular 
metal framework covered with sheet 
metal. The circular framework should 
carry two sections of rings, each 
equipped with suitable holders for sup- 
porting 32 specimen panels, 3 in. in 
width and 10} in. in length. A total of 
64 specimen panels shall be accommo- 
dated equidistant from the lamp, the 
distance from the surface of the speci- 
mens to the arc to be from 15 to 20 in. 
The distance of the specimen from the 
source of light is not critical, but the 
light should be calibrated from the same 
distance used for exposure of rubber 
specimens. Since the degree of deterio- 
ration is approximately in proportion to 
the inverse square of the distance, the 
rate of deterioration will vary with the 
distance. In the side of the drum there 
shall be a sliding door near the bottom 
to facilitate cleaning or inspecting and 
changing the test specimens. The top of 
the drum shall have a cover for shielding 
the operator from the radiation of the 
arc. All parts shall be made of metal; 
the drum, cover, and door shall be made 
of heavy gage sheet copper tinned on the 
inside. All structural parts within the 
drum shall be made of aluminum or 
rust-proofed steel. 

(d) The jigs or holders for the test 
specimens shall be made of aluminum 
and the rods of monel metal in accord- 
ance with the dimensions shown in Fig. 1. 

(e) The specimen panels shall be ro- 
tated at a constant speed about the arc 
and shall be driven by a constant-speed 
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and filter 


induction-type motor. The turntable 
shall rotate one revolution every 2 hr. 
(f) A water spray shall be provided 
to thoroughly wet the entire length of 
each specimen panel for approximately 


Fic. 1.—Specimen Holder. 
All parts, except the rods, made of aluminum; rods made 
of monel metal. 

8 to 10 min. for each revolution. An 
effective water spray shall be provided 
for all pressures between 25 and 100 
psi. The bottom of the drum shall be 
equipped with a screened drain to carry 
away water from the spray. 

(g) An exhaust fan shall be mounted 
on the side frame of the testing unit to 
provide effective ventilation of the arc 
for the removal of heated air and vapors 
from the arc. Adequate means shall 
be provided for lubricating all moving 
parts. 

(h) The electrical control equipment 
shall provide automatic operation of the 
entire unit and should contain means for 
keeping the current at the arc constant, 
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insuring constant intensity of radiation. 
A push-button station shall be provided 
for starting and stopping the equipment 
and shall be electrically interlocked with 
the main line contactor to insure com- 
plete electrical isolation of the arc 
equipment when changing carbons or 
adjusting the mechanism of the lamp. 
All control apparatus except the trans- 
former shall be housed in a wall type 
control cabinet. Toggle switches, pilot 
light, and ammeter to indicate the arc 
current shall be mounted on the front 
of the cabinet. 


Calibration of Radiaticn 


4. The light source shall be calibrated 
at frequent intervals in accordance with 
the Proposed Method of Calibrating 
A Light Source Used for Accelerating the 
Deterioration of Rubber of the American 
Society for Testing Materials.? 


Test Specimens 


5. Test specimens shall be rectangular 
strips 2 in. in width and 6 in. in length 
prepared especially for this test or cut 
from a product that is to be evaluated. 
The specimens should have a maximum 
thickness of 0.100 in. and minimum 
thickness of 0.045 in. Specimens cut 
from rubber products may be buffed. 
Duplicate specimens should be exposed 


Procedure 


6. (a) The test specimens shall be 
firmly fastened in the jig or holder and 
elongated to the desired extension, 
usually 20 per cent, by means of the 
adjusting screw, Fig. 1. A thermometer 
shall be mounted adjacent to the speci- 
mens in order that the temperature may 
be observed. The specimen shall then 
be exposed to the light source until a 
dosage or total exposure equivalent to 
the decomposition of the desired number 
of milligrams of anhydrous oxalic acid 


— 


*See p. 385. 


as determined by the calibration proce- _ 


dure has been reached. The specimen 
shall then be removed from the testing 


unit and examined for degree and num- z t 


ber of cracks and for evidence of crazing. 

(b) A test for the presence in the test- 
ing unit of ozone adjacent to the exposed 
specimens shall be made by exposing 
a small filter paper previously dipped 
in starch — potassium iodide solution. 


Ozone, if present, will cause the a 


paper to turn blue. 


The length of time | fe 


required for the formation of a deep blue — 
coloration may be taken as an indica- _ 
tion of the quantity of ozone present. __ 


light source. 


(c) Tension Tests—When the speci- is 
men is removed from the jig or holder, _ 
two test specimens shall be prepared 


Methods of Sample Preparation for b 


Physical Testing of Rubber Products 


(A‘S.T.M. Designation: D 15) of the 


American Society for Testing Materials.’ 


The tensile strength and ultimate elonga- : 


tion shall be determined in accordance © 


with the Tentative Methods of Tension _ 
Testing of Vulcanized Rubber (A.S.T.M. 


Designation: D 412) of the American 


Society for Testing Materials. Dupli- 
cate unexposed specimens shall be tested | 
for comparison at the same time as the © 


exposed specimens are tested. 


Report 


ing: 

(1) Description and dimensions of the 
specimens, 

(2) The number of cracks and degree 
of crazing or cracking, 

(3) The intensity of the light source 


7. The report shall include the follow- 


expressed as the number of milligrams 


square decimeter per minute, 


31939 Book of AS.T.M. Saatants, Part III, p. 331. 
#1940 Supplement to Book of A.S.T.M. Standards 
Part III, p. 320. * 
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(4) The total exposure expressed in (6) Elongation at break before and 
equivalents of the number of milligrams after exposure, 
of anhydrous oxalic acid decomposed (7) The percentage loss in tensile 
at the rate determined by the average strength as a result of ve arly 
intensity of exposure multiplied by the (8) The percentage loss in elongation 


: at break as a result of exposure, 
total length of time of exposure, (9) Indication of ozone, and 


(5) Tensile strength in pounds per (10) Temperature during exposure to 
square inch before and after exposure, the light source. 
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PROPOSED METHOD OF CALIBRATING A LIGHT SOURCE USED FOR | 
ACCELERATING THE DETERIORATION OF RUBBER" 


APPENDIX II 


A This is a proposed method and is published as information only. +4) * tN. 
Comments are solicited and should be addressed to the American vin’ 
net Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. teen Sle 4 
Scope Apparatus 


1. This method is intended primarily 
for use in measuring the intensity of 
radiation from the light source used in 
connection with the Proposed Method 
of Test for Resistance to Accelerated 
Light Aging of Rubber Compounds.” It 
may also be used for comparing light 
sources and for measuring and integrating 
the intensity or total exposure from other 
light sources which are intermittent or 
variable in intensity, such as sunlight. 


Type of Test 


2. This method is based on the fact 
that oxalic acid in the presence of 
uranyl sulfate in aqueous solution is 
photochemically decomposed by light, 
essentially at a rate in direct proportion 
to the intensity and total radiation of 
the light source to which the solution is 
exposed over the wave length range used 
for the test. The test method involves 
the exposure of a standardized oxalic 
acid - uranyl sulfate solution ina quartz 
cell to the radiation to be evaluated, 
followed by a determination of the 
quantity of oxalic acid decomposed 
during a measured time period of ex- 
posure. 


! This proposed method is under the jurisdiction of the 


AS.T.M. Committee D-11 on Rubber Products. 
2 See p. 381. 


3. (a) Actinometer Cell.—The ue 
nometer cell (optical) shall be made of © 
thin, clear, fused quartz plates, free 
from impurities. The wall thickness 
shall be 1.5 mm., the surfaces ground ; 
and highly polished. The internal di- 
mensions of the cell shall be 3 by 4 cm. 
by 6 cm. in depth with open top. An 
alternative or working cell in the form 
of a molded quartz bottle about 75 mm. 
in diameter by 10 mm. in thickness may 
also be used, provided it has been cali- 
brated in terms of an optical cell as 
described above and the correction 
factor, if any, applied. The cells de- 
scribed are illustrated in Fig. 1. 

(b) Cell Enclosure—The cell used, 
whether of the optical or alternative 
type, shall be enclosed in a lightproof 
box coated on the inside with a highly 
light absorbent black paint. The cell 
shall be totally covered by the enclosure 
except for one face which shall be ex- 
posed through an opening in the en- 
closure conforming to the full width and 
depth of the solution in the cell. Cells 
so mounted are shown in Fig. 2. 


Solutions Required 


4. (a) Evaluating Solution.—Prepare 
an evaluating solution containing 3.16 g. 
of KMnO, per liter. After dissolving 
the KMnO, in distilled water, store the 


nd 
ion 
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solution in the dark for at least one week 
and then filter through a -in. thickness 


_ of fibrous glass filter cloth, and place the 
- golution in a blackened automatic dis- 


pensing burette. 


Standardize the eval- 
uating solution against sodium oxalate 


_ in accordance with the procedure by 
Kolthoff and Furman.? 


Actinometer Solution.—Dissolve 


(0) 


6.30 g. of c.p. oxalic acid crystals and 
4,20 g. of c.p. uranyl sulfate in distilled 


water and dilute to 1 liter. 


This solu- 


tion will be 0.1 N with respect to oxalic 


Immediately after preparation, 


- transfer the solution to the reservoir of a 


Alternative ( 


Fic. 1.—Actinometer Cells. 


 Machlett 
_ burette as shown in Fig. 3. The reser- 
_ voir and glass tubes of the burette should 
be protected from light by a heavy coat- 


type automatic dispensing 


ing of black enamel. Standardize the 
actinometer solution as follows: Accu- 
rately measure a 50-ml. portion into a 
200-ml. tall-form beaker, dilute with 20 
to 25 ml. of distilled water, and acidify 
with 5 ml. of diluted H,SO, (1:3). 
Cover with a suitable crystallizing dish 


_ placed in an inverted position on the 


in lightproof 


flat, white-glass base. 


3; Wiley and Sons, New York, 


beaker, and heat the solution to 95 C. 
water bath. When 
the solution reaches 95 C., transfer the 
beaker to an open glass water bath at 
the same temperature and resting on a 
Standardize the 


3“Volumetric Analysis,” 


29) . 


actinometer solution against the evalu- 
ating solution at 95 C. by addition of 
the latter from an automatic dispensing 
burette while stirring constantly. The 
first few drops of evaluating solution 
should be added at intervals of several 
seconds. The end point shall be taken 
as the change to orange color which 
persists for 30 sec. while stirring. 

(c) Whenever a fresh solution is added 
to either burette, or if either solution 
should stand for 60 days or more, re- 
standardize the solutions. 


Optical Cell with Filter 


Alternative Cell, Filter 
Glass. 


Glass Not Shown. 
Fic. 2.—Actinometer Cells in Housings 


CALIBRATION OF THE LIGHT SOURCI 
Procedure 


5. (a) A suitable quantity of acti- 
nometer solution shall be accurately 
measured into the actinometer cell from 
the dispensing burette holding the solu- 
tion. For the rectangular (optical) cell, 
50 ml. of solution shall be used. The 
exposed area in this cell will be approxi- 

mately 0.16 sq. dm. The alternative 
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cell shall always be filled with the same 


4 


GHT SOURCE F¢ 
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(6) At the end of the period of expo- 


u- 
of amount of actinometer solution. The sure, the actinometer solution shall be 
ng quantity shall be such that the solution emptied into a 200-ml. tall-form beaker, 
he does not extend excessively into the the cell rinsed with 25 ml. of distilled 
on neck of the bottle or cell but is just water, and the solution and wash water 
ral sufficient to prevent the formation of an acidified with 5 ml. of diluted HSO; 
en air bubble when the cell is inclined at an (1:3) per 50 ml. of original undiluted 
ich angle of 45 deg. Care shall be taken to actinometer solution. A blank test 
exclude all stray light from the solution — shall be made under the same conditions, 
led while transporting it to and from the except that the actinometer solution 
ion light source under test by enclosing the shall not be exposed to the light source, 
re- Od ~yistom and the decomposition values shall be 


le 


= Intensity = 


adjusted accordingly. 

(c) The method as described is suffi- 
cient for evaluation of the radiation 
from a standardized light source. Since 
it is believed that the spectral range of 
wave lengths between 295 and 335 my 
are particularly instrumental in the 


deterioration of rubber, it may be de- | } 


sired to measure the intensity in that 
Bead alone. If this is desired, the 
procedure described in Section 7 (b) 
be followed. 


‘(Calculations 


_ 6. The light intensity, in terms of 
milligrams of oxalic acid decomposed 
per square decimeter, shall be calculated 


as follows: 


(A —B)XC 
DXE 


“ilter a = milliliters of evaluating solution 
mn. equivalent to the number of 
milliliters of unexposed acti- 
Fic. 3.—Dispensing Burette—Machlett Type. de me nometer solution used in the 
RCE test, 
cell in a suitable lightproof box. The B = milliliters of evaluating solution 
cell shall be mounted on a rubber speci- required for titration of the 
acti- men exposure rack in the testing unit actinometer solution exposed 
ately and exposed for a suitable period of time in the test, 
from to the light source under normal operat- C = milligrams of oxalic acid equiva- 


solu- 
cell, 
The 
ative 


ing conditions of the testing unit. The 
time of exposure of the actinometer 
solution shall not be in excess of that 
required for the decomposition of 30 
per cent of the oxalic acid present. 


lent to 1 ml. of evaluating 
solution, 
D = time of exposure in minutes, and 
E = exposed area in square deci- 
meters of solution in cell. 


r 


» 


=» 


NOTE: an illustration, where 
50 ml. of evaluating solution (1 ml. = 4.5 mg. 
of oxalic acid) is the equivalent of the number 
of milliliters of unexposed actinometer solution 
used in the test, and 35 ml. of evaluating solu- 
tion are required for titration of the actinometer 
solution exposed in the test, the exposed area of 
the solution in the cell being 0.16 sq. dm., the 
time of exposure 100 min., the light intensity is 
calculated as follows: 


(50 — 35) X 4.5 


100 X 0.16 
4.218 mg. of oxalic acid per square 
decimeter per minute. 


Intensity = 


MEASUREMENT OF TOTAL EXPOSURE 


AND COMPARISON OF LIGHT 
SOURCES 


7. (a) This method may be used to 

- determine the exposure to other light 
sources, including sunlight. Where ex- 
posure is intermittent or of variable 
intensity, the total or integrated expo- 
_ sure or “dosage”’ only is determined and 
_ expressed in terms of milligrams of oxalic 
_ acid decomposed per square decimeter. 
; (b) Since it is believed that the wave 
__ lengths of light which cause the greatest 
deterioration of rubber are below 335 
mu, it is desirable in comparing the 
effectiveness of various light sources to 


Procedure 


7 j make the comparison over the range of 


295 to 335 my. This may be accom- 
_ plished by determining the difference 
in amount of actinometer solution de- 
- composed in two exposures of equal 
time and distance with each light 

source shielded, as follows: 

(1) Behind 2 mm. of clear Corex 
D glass which transmits the 
entire range from 295 my to 


the infra red, and 


it, 


(2) Behind several millimeters of ordi- 

nary clear window glass which 
cuts off radiation near 335 muy. 
Since most accelerated light testing 
units are provided with suitable filters 
designed to cut off all radiation below 
295 mu, the actinometer solution in the 
cell may be exposed directly without 
interposition of filters. A suitable glass 
of known characteristics for the second 
exposure is No. 014 Clear Blue Fluoresc- 
ing which has approximately 60 per 
cent transmission at 335 my. When 
using a filter such as the No. 014 glass, 
a factor of 1/0.92 shall be used in order 
that the readings obtained from unfil- 
tered and filtered light will be on a 
comparative basis because of the ap- 
proximately 8 per cent loss due to 
reflection. It is desirable to express the 
difference of intensity in terms of milli- 
grams of oxalic acid per square decimeter 
per minute. 


Calculations 


8. The following example will illus- 
trate the method of comparative evalu- 
ation of two light sources: 


a? 


(a) Actinometer cell 
(b) Cell behind No. 014 glass color 
filter, 60 per cent transmis- 


Oxalic Acid De- 
compo: 
Intensity (mg. per sq. 


sion at 335 mp 8.28 
(c) Corrected for cuniuns reflection 

loss of 8 per cent (6 X 1/0.92). 9.00 
(d) Evaluation of light source in 

the range 295 to335mu(a—c) 1.00 


3.68 
4.00 
1.00 


While in the above example the total 
intensity of light source No. 1 is twice 
that of light source No. 2 as indicated 
by decomposition of oxalic acid, in the 
range of intensity which is instrumental 
in causing the deterioration of rubber 
the light sources are of equal intensity. 
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PROPOSED METHOD OF TEST FOR TEAR RESISTANCE OF 
VULCANIZED RUBBER! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 


Scope of apparatus may be used if provided © 
1. This method describes a procedure with a device that will indicate the actual | 


which is widely used for determining maximum load at which rupture took 

tear resistance of the usual grades of place and if  saattspiaal made te prevent 

robber tice of the epring. The machine shall 

tread, carcass, and inner tube com- conform to the following requirements: 
pounds, or those used in most mechani- (0) The applied load as indicated by 

cal rubber goods. It does not apply to dial or scale shall be accurate within © 

the testing of material ordinarily classed plus or per cont. 

as hard rubber. Since tear resistance is (c) The indicator shall remain at the — 
affected to a large degree by mechanical Point of maximum load after rupture 
fibering of the rubber under stress as well of the test vee, | 
as by stress distribution, speed of stretch- (d) The STIps which hold the speci- itso 
ing, and size of specimen, the results ™e? in the testing machine shall have 
obtained in a tear resistance test can J4WS of the narrow cam or pincer type. a 
only be regarded as a measure of the (e) The rate of travel of the st 
resistance under the conditions of that Ctuated grip shall be 20 in. per min. # 
particular test and not necessarily as and shall be uniform at all times. . 
having any relation to service value. (f ) The | testing machine shall be ; 
The method is useful therefore only for calibrated in accordance with the provi-- 
laboratory comparisons and is not ap- ‘0S of Section 3. , 

plicable for service evaluations, except (g) The wang machine may be 

when supplemented by additional tests, equipped with a dynamometer head of 5 

nor for use in purchase specifications. the compensating type for ‘eee ne 

The significance to be attached to the eliminating calculations. 

results can only be determined by each 


Calibration of Apparatus 
laboratory for its particular problem. 


3. The testing "shall be 
Apparatus calibrated by dead-weights applied in 

2. (a) Tear resistance shall be meas- ®” ascending order while the mach ine 
ured on a power-driven apparatus, pref- ‘8 Otherwise arranged in an entirely 
erably of the inclination-balance or similar manner to that used when testing 
pendulum type. A spring-balance type material. In each case, when additional 

1This proposed method is under the jurisdiction of calibrating weight is added the weight 
the A.S.T.M. Committee D-11 on Rubber Products. lever of the machine shall be moved to 
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zero position allowed toswing slowly Test Specimens 
upwards to the point where it will go 
no further. The dial of the machine 


should then clearly indicate the amount in 
f the weight appli Ap Re 
plus or minus 0.01 in. from the dimen- 


Preparation of Sample == ~—_—_—__ Sions shown. The thickness shall not 
fall outside the limits 0.07 to 0.11 in. 

(b) The thickness of the specimen 
shall be measured with a micrometer 
graduated to 0.001 in., having a presser 


6. (a) The test specimens shall con- 


4. Except as may be otherwise speci- 
fied in this method, the requirements of 
the Standard Methods of Sample Prepa- 
ration for Physical Testing of Rubber 
Products (A.S.T.M. Designation: D 
of the American Society for Testing 165"---1 

_ Materials’ shall be complied with and at 
are made a part of this method. wi 

03°Red| 
Die for Test Specimens 14 / 


_ §. Unless otherwise prescribed in the 
_ specifications for the material being 
tested, the specimens for tear resis- 
tance tests shall be stamped out with Pie rey A sittin 
a steel die. The die shall be one 
_ sharp and free from nicks to avoid 
leaving ragged edges on the rubber. | 


Cutting may be facilitated by wetting 
the rubber surface and the cutting edges 
of the die. The rubber shall be rested 
on a smooth, slightly yielding surface 
that will not injure the blade. Light- 
weight cardboard or a piece of leather 
belting is suitable. Care shall be taken 
_ that the cut edges are perpendicular to 


Die B Specimen. 


Norte.—lIt is a well-known fact that vul- Fic. 1.—Specimens for Tear Test. 


_ canized rubber exhibits a grain effect which _ ae 
_ influences its physical properties. In the case foot 0.25 + 0.01 in. in diameter exerting 


of heavily loaded compounds, the effect may a total force of 3.0 + 0.1 0z. The load 

shall be applied by means of a weight. 
properties. Usual practice is to test with the The fi li Sia h ‘ hall 
grain running the long way of the specimen, (c) ec ve slits In the specimen sha 
- and it is assumed that, unless otherwise specified, be cut with extreme care and accuracy. 
all test specimens are to be prepared in this A device (Fig. 2) which holds the speci- 
manner. Where grain effects are significant men stretched so that the inner curved 


and are to be evaluated, two sets of test speci- L Pen d 
mens should be cut from the sample at right edges are drawn out straight, an 


angles to each other. which is provided with suitable guides 
< to control the depth and centering of the 


£1939 Book of A.S.T.M. Standards, Part III, p 331. slits shall be used. The cutting shall be 
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PROPOSED METHOD OF 
done by safety razor blades clamped in 
a holder exactly 0.1 in. apart. The 
extension of the blades beyond the sur- 
face of the knife holder shall be regulated 
by a depth gage block to produce slits 
0.02 in. in depth. In cutting the slits, 
the specimens held in the stretching 
device shall first be lubricated with soap 
solution, and the knives shall then be 
drawn back and forth through the 


Fic. 2.—Apparatus for Preparing Die A 
Specimen. 
. Hand die for cutting specimen. ie. a 
. Rubber specimen cut with die A. —" 
. Knife holder for cutting slits. “i ap ti 
. Depth gage for fitting blades in holder, = 
5. Vise for holding specimen while cutting slits. 


. Special testing machine clamps for specimens cut 
with die A. 


guides. Equipment suitable for use 
with die A specimen is shown in Fig. 2. 


Number of Test Specimens 

7. (a) Three specimens per sample 
shall be tested for tear resistance. In 
case the tear resistance fails to check 
within 20 per cent of the highest value 
obtained, additional specimens shall be 
tested until two or more such check 
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results are obtained. The final value 
shall be the average of the check tests, 
discarding the determinations on speci- 
mens that are outside the above limit. 
(6) When minimum requirements are 
established, as in testing for compliance 
with a particular specification, only one 
specimen shall be tested for tear resist- — 
ance. Ifthe result is below the specifica- 
tion requirements, two additional 
specimens shall be prepared from the 
original sample and tested. Should the 
results of either of these tests be below 
the specified requirements, the sample 
shall be considered to have failed to 
conform to the specifications. 


Procedure 


8. The specimen for test shall be 
clamped in the jaws of the testing 
machine, care being taken that the jaws — 
grip the specimen so that the axes shown 
in Fig. 1 are in line with the direction 


of the application of the load. In- 


creased stretch is thus given to the inner 
curved edge. The “bite” of the jaws 
shall be at the center of the enlarged 
ends of the specimen. 
then be applied with a lower jaw speed 
of 20 in. per min. After rupture of the 
specimen, the breaking load in pounds © 


shall be noted from the dial or scale © 
and recorded together with the average - 


thickness of the specimen. 


Calculation 


9. The resistance to tear shall be 
calculated from the maximum load © 
registered by the testing machine and © 
the average thickness of the specimen, — 
and shall be expressed as the pull in 
pounds required to tear a specimen 1 in. 
in thickness. 


Nore: Example.—If a load of 36 Ib. is — 
necessary to tear a specimen 0.082 in. in thick- 


ness, the tear resistance would be = 0 


439 lb. per in. 


The load shall 
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Report or Committee D-11 (Aprenprx III) 
(3) Date of test and date of vul- 
10. The report shall include the | canization of rubber, if known, 
following: (4) Test room temperature, 
(1) Results calculated in accord- (5) Type of testing machine 
ance with Section 9, used, and 
4 (2) All observed and recorded data (6) Designation of die used in * 
_ on which the calculations are based, paring the test specimens. 
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Committee D-12 on Soaps and Other 
Detergents held two well-attended and 
interesting meetings during the year: 
one on November 2 and 3, 1939, and the 
second on March 11 and 12, 1940, both 
at the Hotel New Yorker, New York 
City. 

At the spring meeting W. D. Pohle, 
of the Naval Stores Research Division 
of the U. S. Bureau of Agricultural 
Chemistry and Engineering, gave a very 
interesting talk descriptive of his work 
on rosin and rosin soaps. 

The following new members have been 
elected to Committee D-12 during the 
year: 

L. F. Hoyt, National Aniline and Chemical 

Co., 

H. G. Arlt, Bell Telephone Laboratories, Inc., 

M. H. Gurley, Jr., Gustavus J. Esselen, Inc., 
and 

Katharine Fisher, Good Housekeeping Inst 


In addition, H. L. Jones of E. I. du 
Pont de Nemours and Co. replaced 
Samuel Lenher; Charles Schwartz of 
Calgon, Inc. replaced B. F. Gilmore; 
and D. D. Rubek of Anderson-Prichard 
Oil Corp. replaced J. K. Stewart. E. T. 
Marceau has resigned due to a change 
of position; W. M. Scott has accepted 
a position with the Southern Regional 
Research Laboratories, New Orleans, 
La., but will retain his membership on 
Committee D-12. 

The committee voted to omit the fall 
meeting in 1940, with the understanding 
that the chairmen of the subcommittees 
would endeavor to have the sections 
complete their work more fully by cor- 
respondence. If that is done, the com- 


ON 


SOAPS AND OTHER DETERGENTS 


fia 


4 
Loos 


mittee, at the 1941 spring meeting, would 
be able to ratify the completed work and 
prepare the report for the annual meet- 
ing. 

On the recommendation of Subcom- 
mittee IV, Committee D-12 approved 
the preparation of a paper by the chair- 
man, with the assistance of a number of 
the members, on the manufacture and 
testing of soaps and other detergents. 
This paper is published in the ASTM 
BULLETIN, No. 107, December, 1940, p.9. 

The election of officers and members 
of the advisory committee for the ensu- 
ing term of two years has resulted in the 
re-election of the present incumbents. 


| 


I. NEw TENTATIVE STANDARDS | 


om 


The committee recommends that the 
following four new specifications be ac- 
cepted for publication as tentative. 
These specifications were prepared in 
response to requests received by the 
committee in view of the large consumer 
use of these products: vali 

Tentative Specifications wi 


Olive Oil Solid Soap, 

Salt-Water Soap, 

Tetrasodium Pyrophosphate (Anhydrous), 
and 


Revisions oF TENTATIVE 
STANDARDS 


The committee recommends that the 
following tentative standards be revised 
and continued as tentative: 

1 These specifications were accepted as tentative by 
the Society and appear in the 1940 Supplement to Book of 


A.S.T.M. Standards, Part III, pp. 508, 512, 515, and 514, 
respectively. 


re MITTEE 


Tentative iii for Palm Oil Bar Soap 
(D 535 — 39 T),? covering the addition of re- 
quirements for palm oil solid soap (blended 
type) 

Tentative Methods of Sampling and Chemical 
Analysis of Special Detergents (D 501 - 39 
T),* covering the addition of a new method 

= of sampling and analysis of sodium sesquisili- 
cate;5 and 

Tentative Definitions of Terms Relating to 
Soaps and Other Detergents (D 459 — 39 T),° 

7 covering a revision of five definitions (alkaline 

_ detergent, break soap powder, builder, built 

- soap, washing), and the omission of the defini- 
tion for scouring; also the addition of new 
definitions for blended (palm oil) soap, filler, 


‘pure (palm oil) soap, and straight soap.’ 


Ill. TENTATIVE REVISION OF 
STANDARD 


The committee recommends that the 
revision, as given in the Appendix to this 
report, of the Standard Methods of 
Sampling and Chemical Analysis of 
Soaps and Soap Products (D 460 — 39) 
be accepted for publication as tentative.® 


IV. REVERSION OF STANDARD TO 
TENTATIVE 


The committee recommends that the 
Standard Definitions of Terms Relating 
to Soaps and Other Detergents (D 459 
— 39)!° be reverted to tentative with a 
revision in the definitions for soap and 
anhydrous soap, the definitions to be 
included with the new and revised tenta- 
tive definitions mentioned earlier in this 
report. The complete list of defini- 
tions is appended hereto.’ 


V. EprtorRIAL CHANGES IN STANDARDS 


The committee recommends as an 
editorial change that “anhydrous soap” 


2 1939 Book of A.S.T M. Standards, Part IIT, p. 1061. 

* These specifications were accepted as tentative by 
the Society and appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part III, p. 510 

4 of A.S.T.M. SPindacds, Part III, p. 1070. 

5 

6 1939 book ‘of A.S.T.M. Standards, Part ITI, p. 1089. 

7 These revised definitions were accepted as tentative 
by the Society and appear in the ne | meen to 
Book of A.S.T.M. Standards, Part III, p. 5 

8 of A.S.T.M. Standards, p. 487. 

9 

10 1930 Book of A.S.T.M. Standards, Part III, p. 518. 


be changed to read ‘ teuladlione::« soap 
content” in the table of chemical re- 
quirements and in Section 4 of the fol- 
lowing specifications: 

Chip Soap (D 496 — 39) 

Ordinary Bar Soap (D 497 — 39), 

Powdered Soap (Nonalkaline Soap Powder) 


(D 498 — 39), 
White Floating Toilet Soap (D 499 - 39), 


Standard Specifications for:™ 
Milled Toilet Soap (D 455 — 39), 


TABLE I. —ANALY SIS OF LETTER BALLOT VOTE. 


| N Ballots 
val Affirm-| Nega- | Marked 

Items | ative tive | “Not 

| |Voting” 


I. New TENTATIVE STANDARDS 


Spec. for Olive Oil Solid Soap*.| 33 
Spec. for Salt-Water Soap 36 
Spec. for Tetrasodium Pyro- | 

(Anhydrous) ... 38 
Spec. for Sodium Sesquisili- 


II. Revision oF TENTATIVE 
STANDARDS 

Spec. for Palm Oil Bar wand 
(D 535-39 T)°. 

Sampling and Chemical Anal- 
ysis of Special Detergents 
(D 501 - 39 T).. 

Definitions of Terms Relating 
to Soaps and Other Deter- 
gents (D 459 - 39 T)........ 


Ill. Tentative REVISION OF 
TANDARD 
Sampling and Chemical Anal- 
ysis of Soaps and Soap 
Products (D 460 - 39) 


IV. REVERSION OF STANDARD 
TO TENTATIVE 
Definitions of Terms Relating 
to Soaps and Other Deter- 
gents (D 459 - 39), as re- 


40 


“ The classified vote on the proposed Tentative Speci- 
fications for Olive Oil Solid Soap was as follows: Affirma- 
tive: 12 producers, 13 consumers, 8 general interests; 
negative: 5 producers, 0 consumers, and 1 general interest. 

6 The classified vote on the proposed revision of 
the Tentative Specifications for Palm Oil Bar Soap 
(D 535 - 39 T) was as follows: Affirmative: 13 producers, 
12 consumers, 8 general interests; negative: 4 producers 
0 consumers, 1 general interest. 


Tentative Specifications for:'? 


Built Soap (Powdered) (D 533 — 39 T), 

Soap Powder (Alkaline Soap Powder) (D 534 
- 39 T), 

Palm Oil Bar Soap (D 535 — 39 T), and 

Palm Oil Chip Soap (D 536 - 39 T). 


pty ~ =~ Book of A.S.T.M. Standards, Part III, pp. 
to 486, 
12 ibid., ‘pp. 1061 to 1067, incl. 
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In the Standard Method of Test for 
Particle Size of Soaps and Other Deter- 
gents (D 502 — 39)" following the first 
sentence in Sections 4 and 5, add a par- 
enthetical sentence to read as follows: 
“Other size sieves may be used when re- 
quired by the individual specifications.” 


4, 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
62 members; 41 members returned their 
ballots, with the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Testing 
(J. B. Crowe, chairman): 


Section A on Soaps (M. L. Sheely, 
chairman) has completed a revision of 
the titer test in the methods of chemical 
analysis of soaps and soap products 
(D 460-39) to include a new ther- 
mometer and a complete rewriting of 
Sections 35 and 36 on apparatus and 
procedure; also minor revisions in Sec- 
tions 16, 17, and 34. The committee 
has approved the use of sieves of other 
than the three sizes now specified in the 
Methods of Test for Particle Size of 
Soaps (D 502 - 39). 

Since the method appears promising, 
the section is now working on the deter- 
mination of carbon dioxide in soaps by 
the Hitchcock-Divine method, having 
appointed a special committee to study 
the procedure in detail. Work is also 
under way on the determination of pyro- 
phosphate in soaps. 

This section is practically identical in 
personnel with the soap committee of 
the American Oil Chemists’ Society and 
it also works in close cooperation with 
the soap committee of the American 
Chemical Society; thus the test methods 
of the three societies should be identical. 


8 1939 Book of A.S.T.M. Standards, Part ITI, p. 509. 


On SOAPS AND OTHER DETERGENTS 


Section B on Sulfonated Detergents 
(Ralph Hart, chairman) has not been 
so active this past year but it expects 
soon to undertake some cooperative work 
on new methods of test developed by 
the chairman. 

Section C on Dry Cleaning Deter- 
gents (G. P. Fulton, chairman) has a 
very difficult assignment but is making 
definite progress. 

Section D on Special Detergents (W. 
H. Koch, chairman) has considered 
methods of analysis of tetrasodium py- 
rophosphate and sodium orthosilicate. 


The previously submitted method for __ 


tetrasodium pyrophosphate was revised, 
and three samples of this material were 
distributed to the committee members 
for cooperative work, the results of 
which indicated that with a further 
slight modification the method can be 
made entirely satisfactory. This re- 
vision and three additional samples will 


be supplied to the members in the near © 


future for additional tests to confirm 
this opinion. This work will also in- 
clude confirmation of the methods of 
manufacture of c.p. tetrasodium pyro- 
phosphate for standardization purposes. 


The method of analysis of sodium — 


orthosilicate under consideration in the 
section will require considerable revision, 


after which it will again be submitted — 


for comment and criticism at an early 
date. Considerable discussion has cen- 


tered about the desirability of presenting — 


this method to the Society for publica- 
tion as tentative. 


Proof of any nature > 


seems to be lacking that there is actually — 
such a compound as sodium orthosili- | 


cate; it has almost definitely been shown 
to be a mixture of sodium ceeaiiiiing 
and caustic soda. The section will, 
however, proceed to develop a method 
of analysis for this product and Com- 
mittee D-12 can later determine whether 
or not it wishes to approve the name 
“sodium orthosilicate” and to include it 
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in the specifications and methods of anal- 
ysis of special detergents. 


Subcommittee II on Specifications (F. W. 
Smither, chairman): 


This subcommittee held two meetings 
during the year. The various sections 
of Subcommittee II have been quite 
active, but the time and study required 
for the difficult assignments now on hand 
have necessarily limited the number of 

_ definite recommendations at this time. 

Section A on Textile Soaps (C. L. 
Nutting, chairman) and Section C on 
Straight Soaps (Israel Katz, chairman) 

_ have worked together during the past 
- year in order to facilitate accomplish- 
ment by eliminating duplication of effort 
and by mutual assistance. The Tenta- 
tive Specifications for Palm Oil Bar 
~ Soap (D 535 - 39 T) have been amended 
to apply to two types, pure and blended, 
and the title changed to Specifications 
- for Palm Oil Solid Soap. The revised 
are accordingly being 
recommended for publication as tenta- 

- tive, as mentioned earlier in this report. 

The section is recommending that the 

Tentative Specifications for Palm Oil 

Chip Soap (D 536-39 T), with certain 

editorial corrections, be continued as 

tentative. Also, Specifications for Olive 

Oil Solid Soap are being submitted for 

publication as tentative. 

Section B on Built Soaps (Frederick 
Krassner, chairman) is recommending 
that the Tentative Specifications for 
Soap Powder (Alkaline Soap Powder) 

— (D 534 - 39 T) and for Built Soap (Pow- 
dered) (D 533-39T) be continued as 

_ tentative with a minor editorial change. 

Proposed Specifications for Salt-Water 
_ Soap are presented for publication as 
tentative as mentioned earlier in the 
report. The section is submitting as 
_ information, in order to elicit comment 
and criticism, Proposed Specifications 
for Detergent Soap Powder and for Grit 


REPoRT oF CoMMITTEE 


Cake Soap, which appear as Appendices 
II and III, respectively. 

Section D on Dry Cleaning Detergents 
(G. P. Fulton, chairman) has reviewed 
the literature on this subject and has 
concluded that specifications for dry 
cleaning soaps could best be formulated 
at this time on the basis of physical 
characteristics, and perhaps on the per- 
formance of the soap when used in con- 
junction with a pressure filter. On this 
basis, dry cleaning soaps could be di- 
vided into several classes, such as stand- 
ard paste-type soap, filterable paste-type 
soap, liquid soaps, and filterable liquid 
soaps. The section will continue its 
work on this difficult problem. 

Section E on Sulfonated Detergents 
(J. B. Crowe, chairman) has continued 
the cooperative laboratory studies on 
washing tests, and is preparing an anal- 
ysis and summary of the results ob- 
tained. The formulation of definite 
specifications for products in this field 
is a difficult and tedious undertaking. 
The work will be continued. 

Section F on Special Detergents (C. C. 
Zeigler, chairman) has prepared Speci- 
fications for Tetrasodium Pyrophosphate 
(Anhydrous) and for Sodium Sesqui- 
silicate, which are being recommended 
for publication as tentative, as men- 
tioned earlier in this report. This sec- 
tion is also considering the feasibility of 
preparing specifications for sodium 
orthosilicate. 

Section G on Metal Cleaners (J. C. 
Harris, chairman) has made definite 
progress on a very difficult assignment. 
The section has formulated methods of 
test that would be applicable to some 
types of cleaners, but as such a wide 
variety of materials are used in metal 
cleaning compositions, it was concluded 
that specifications based solely on chemi- 
cal analysis would indicate only a few 
of the desirable properties that a given 
preparation should possess. The sec- 
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tion is therefore working on certain per- 
formance tests that may ultimately form 
the basis for specifications. 


Subcommittee III on Nomenclature and 
Definitions (C. A. Marlies, chairman): 


This subcommittee is recommending 
that the Standard Definitions of Terms 
Relating to Soaps and Other Detergents 
(D 459-39) be reverted to tentative 
and that the definitions for soap and 
anhydrous soap (to be changed to anhy- 
drous soap content) be revised. Also, 
in the Tentative Definitions D 459 - 
39T the definitions for alkaline deter- 
gent (to be changed to alkali detergent) 
break soap powder (to be changed to 
detergent soap powder), builder, built 
soap, and washing are being revised; the 
definition for scouring is being omitted; 
and the term soapy alkaline detergent is 
being changed to soapy alkali detergent. 
In addition, definitions of the following 
four terms are being presented: blended 
(palm oil) soap, filler, pure (palm oil) 
soap, and straight soap. The complete 
list of definitions is appended hereto." 

This subcommittee has also recom- 
mended that the term ‘“‘anhydrous soap” 
be changed to read “anhydrous soap 
content” in the five standard and four 
tentative specifications for soaps, listed 
earlier in this report. 


Subcommittee IV on Papers and Publica- 
tions (W. H. Koch, chairman): 


This subcommittee reports progress 
on the preparation of a monograph on 
the testing and use of soaps and other 
detergents. The section covering caus- 


tic soda in the sume monograph on 
alkali detergents was thoroughly criti- 
cized with the result that it will be 
edited, rewritten, and again submitted 
for approval. At the same time various 
members of the committee will be asked 
to draft a similar article on some one of 
the alkali detergents which Committee 
D-12 has so far considered. It is ex- 
pected that by the next meeting of the 
committee these drafts will be in such 
shape that they can be rewritten and 
put in final form. 

The paper submitted by Mr. Trevi- 
thick on the activities of Committee 
D-12 has been approved by Subcom- 
mittee IV. It is felt that the publication 
of this paper will go far in acquainting 
the Society with the work of the com- 
mittee. 

This subcommittee has approved for 
publication as information the two 
proposed specifications submitted by 
Section B of Subcommittee II covering 
Detergent Soap Powder and Grit Cake | 
Soap which appear in Appendices IIand | 
III. 


This report has been submitted to 
letter ballot of the committee which 
consists of 62 members; 41 members 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


H. P. TREVITHICK, 


Chairman. 


B.S. 
Secretary. 
ecretary 
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SPPENDIX I 


_ PROPOSED a IN STANDARDS FOR SOAPS AND OTHER 


In this are given proposed 
revisions in one standard method and 
one tentative method for the analysis 
of soaps and other detergents which are 
referred to earlier in this report. In 


- connection with each title is given the 


reference to the publication in which 


F the standard appears in its present form. 


Revision of Tentative Standard 


Tentative Methods of Sampling and 
Chemical Analysis of Special Deter- 
gents (D 501 — 39 T):! 


Section 6.—In this section and in the 
heading preceding it, add the words 
“and sodium sesquisilicate” after ‘“‘so- 
dium metasilicate.”’ 

New Section.—Add the following as a 
new Section 10, renumbering the present 
Section 10 as 11: 

10. Sodium  Sesquisilicate, 3Na,0-2SiOs»- 
11H,0.—If the ratio of the percentage of SiO, 
divided by the percentage total alkalinity as 
Na20 is less than 0.646, calculate the percentage 
of sodium sesquisilicate as follows: 
3Na,0-2Si0,-11H,O, per cent 

= total SiOz, per cent x 4.20 

If the ratio is greater than 0.646, calculate 
the percentage of sodium sesquisilicate as 
follows: 
per cent 

= total Na,O, per cent X 2.71 


New Section—As a new Section 12, 
add the following procedure for loss on 
ignition of sodium sesquisilicate: 

12. Loss on Ignition of Sodium Sesquisilicate. 


—Weigh about 2 g. of sand in a clean platinum 
crucible with a tight-fitting lid, and ignite to 


1 1939 Book of A.S.T.M. Standards, Part III, p. 1070. 


constant weight. Weigh about 2 g. of the 
sodium sesquisilicate in the crucible, and heat 
with a low flame until the silicate is melted 
Increase the heat gradually as the water is driven 
off, care being taken to prevent spattering. 
Ignite to constant weight. Cool in a desiccator, 
and weigh. Calculate the loss on ignition as 
follows: 


loss in wt. 
Loss on ignition, per cent = 
wt. of sample 


Tentative Revision of Standard 


Standard Methods of Sampling and 
Chemical Analysis of Soaps and Soap 
Products (D 460 - 39):° 


Section 16.—Add a note at the end of 
this section to read as follows: 


Note.—In the analysis of soaps known to 
contain little or no alkaline salts, it is unneces- 
sary to filter the hot alcoholic soap solution as 
described in Section 15. However, the filtra- 
tion should be carried out in all cases where 
alkaline salts such as silicates, phosphates, 
borates, and similar salts are present, since these 
are known to affect the free alkali determination. 
The presence of carbonates up to 0.5 per cent 
as Na,CO; does not appreciably affect this 
determination and filtration may be omitted if 
the carbonate determination on a separate 
sample is not in excess of this amount. 

Tentative revision, submitted June, 1940. 


Section 17.—Change the first sentence 
to read as follows by the addition of the 
italicized words: 


Proceed as in the determination of matter 
insoluble in alcohol (starting with a fresh sample 
of soap and omitting the drying and weighing of 
matter insoluble in alcohol) (Section 15). 

Tentative revision, submitted June, 1940. 


2 1939 Book of A.S.T.M. Standards, Part III, p. 487. 
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REVISIONS IN STANDARDS FOR SOAPS 


Section 34.—In the first paragraph 
change the next to the last sentence to 
read as follows by the addition of the 
italicized words: 


After the last washing, remove the last traces 
of water from the beaker with a pipette, filter 
the fatty acids through one or two thicknesses 
of filter paper, and dry at a temperature of 
105 C. for 45 to 60 min. or heat rapidly to 130 C. 
and allow to cool. Do not hold at 130C., but if 
water is present, decant the clear fatty acids into 
another beaker, and again reheat them momen- 
tarily to 130C. 

Tentative revision, submitted June, 1940. 


Sections 35 and 36.—Change the 
description of the apparatus and proce- 
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Fic. 1 for Titer Test. 


dure for the titer test from its present 
form to read as follows: 


35. A pparatus.—The apparatus, Fig. 1, shall 
consist of the following: 

(@) Water Bath.—A 2-liter Griffin low-form 
beaker. 

(6) Wide-Mouth Bottle—A wide-mouth 450- 
ml. bottle, 190 mm. in height, having a neck 
38 mm. in inside diameter, fitted with a cork 
to carry the test tube (Paragraph (c)) and with 
sufficient weights or lead in the bottom of the 
bottle to hold it steady when placed in the 
water bath. 


(c) Test Tube—Test tube 100 mm. in 
length, and 25 mm. in diameter with or without 
tm. The tube may have an etched line ex- 


tending around it at a distance of 57 mm. from 
the bottom to indicate the height to which it is 
to be filled. 

(d) Stirrer.—A stirrer 2 to 3 mm. in outside 
diameter with one end bent in the form of a loop 
19 mm. in diameter. Glass, nichrome, stainless 
steel, or monel metal wire may be used. The 
upper end of the stirrer may be formed to accom- 


modate hand stirring or for attachment to a 


mechanical stirrer. 


(e) Laboratory Thermometer.—A laboratory 


thermometer having a range of 0 to 150 C. 
(f) Titer Test Thermometer—An A.S.T.M. © 


Titer Test Thermometer, graduated in Centi- 4 = 
—2 to +68 C. ie 


grade degrees, having a range of 

and conforming to the following requirements: 

Type: Etched stem, glass. 

Liquip: Mercury. 

RANGE AND SUBDIVISION: 
0.2 C. 

ToTtaAL LENGTH: 375 to 385 mm. 


—2 to +68C. 


Stem: Suitable thermometer tubing, plain front — 


or magnifying lens type (red reading mercury © 


preferable but not obligatory), enamel back. 
Diameter, 6.0 to 7.0 mm. 

Bus: Corning normal or equally suitable 
thermometric glass. 
Length, 15 to 25 mm. 
Diameter, not less than 5.5 mm. but not 

greater than stem. 

DISTANCE to —2 C. LINE FROM BotTom oF 
Bus: 50 to 60 mm. 

LENGTH OF GRADUATED SCALE: 300 mm. min. 2 

LENGTH OF UNCHANGED CAPILLARY BETWEEN 
Lowest GRADUATION LINE AND BuLs: 13 
mm. min. 


least 85 C. 


LENGTH OF UNCHANGED CAPILLARY wenieitin 


UPPERMOST GRADUATION LINE AND EXPAN- 


SION CHAMBER: 10 mm. min. 
Top FrntsH: Glass ring. 


Firtinc Asove Ligutmp: Evacuated, or filled 


with nitrogen or other suitable inert gas. 


GRADUATION: All lines, figures, and letters clear 
cut and distinct. The whole degree Centi- 


grade lines to be longer than the remaining | 


lines. Graduations to be numbered at each 
multiple of 2 C. 

IMMERSION: 45 mm. 

Markinc: “A.S.T.M. Titer Test,” a serial 
number, and the manufacturer’s name or 
trade mark shall be etched on the stem. The 
words ‘45-mm.-immersion” and a line 45 
mm. above the bottom of the bulb shall be 
etched on the thermometer. 


SCALE Error: The error at any point of the 
scale, when the thermometer is standardized 


EXPANSION CHAMBER: To permit heating to at > a 


at 45-mm. immersion, shall not exceed 0.2 =... 
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‘The thermometer shall be 
standardized at intervals of approximately 
10C. for 45-mm. immersion and for an 
average temperature of the emergent mercury 
column of 25 C. 

Case: The thermometer shall be supplied in a 
suitable case on which shall appear the mark- 
ing: “A.S.T.M. Titer Test, —2 to +68 C. 

% in 0.2 C.” 
Nore.—For the purpose of interpreting 
these specifications, the following description 
of terms apply: 
The total length is the over-all length of the 
7 finished instrument. 

The diameter is that measured with a ring 
gage or micrometer. 

The length of the bulb is the distance from 
the bottom of the bulb to the beginning 
of the enamel backing. 

The top of the thermometer is the top of the 
finished instrument. 

' 36. Procedure: (a) Transfer the fatty acids 
(Section 34) when cooled somewhat, to the test 
tube filling it to the 57-mm. line, and place the 
tube in the wide-mouth bottle. Set the bottle 


assembly in the water bath (the water should 
reach the neck of the bottle), as shown in the 
accompanying Fig. 1 and adjust the temperature 
of the bath to 20C. for fatty acids with titers 
of 35 C. and over, and to 15 to 20 C. below the 
expected titer for all fatty acids with titers 
below 35 C. 

(b) Insert the titer test thermometer in the 
center of the sample and suspend it at such a 
height that the immersion mark coincides with 
the top of the sample of fatty acids. 

(c) When the titer test thermometer reads 
10 C. above the expected titer, stir with the 
stirring rod in a vertical manner at the rate of 
100 completed up-and-down motions per min- 
ute. The stirrer should travel about 3.8 cm. 
Read the thermometer every 15 sec., and con- 
tinue stirring until the temperature remains 
constant (or begins to rise) for 30 sec. Discon- 
tinue stirring immediately and note the rise in 
temperature. Report as the titer of the fatty 
acids, the highest temperature reached by the 
thermometer. 

(d) Duplicate determinations should not dif- 
fer by more than 0.2 C. 

Tentative revision, submitted June, 1940. 
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PROPOSED SPECIFICATIONS FOR DETERGENT SOAP POWDER! , 


Scope Pas 


1. These specifications cover a deter- 
gent soap mixture in powder form suit- 
able for uses in which large amounts of 
alkaline materials are desirable. 


General Requirements 


2. Detergent soap powder shall be a 
high-grade, uniformly mixed product, 
composed of soap and alkaline salts in 
powdered form. The soap powder shall 
be of uniform color, free from disagree- 
able odor, dirt, and other foreign matter. 
It shall be soluble in water at low wash- 
wheel temperatures without the forma- 
tion of difficultly soluble aggregates. 


Chemical Composition 


3. Detergent soap powder shall con- 
form to the requirements as to chemical 
composition prescribed in Table I. 
The percentage of matter volatile at 
105 C. shall be calculated on the basis 
of the soap as received, but all other 
constituents shall be calculated on the 
basis of material containing 16 per cent 
of matter volatile at 105 C. 


Basis of Purchase 


4. Detergent soap powder is subject 
to a possible gain or loss of weight, de- 
pending on atmospheric or storage con- 
ditions, or both, or on packaging as a 
result of fluctuation in the moisture 


These proposed s: 
tion of the A.S.T.M. 
Detergents. 


ifications are under the jurisdic- 
ommittee D-12 on Soaps and Other 


content. 
tent result in a corresponding change in 


These are proposed specifications and are published as information only. 
Comments are solicited and should be addressed to the American 
for Materials, 260 S. Broad St., 


Philadelphia, Pa. 
Changes in the moisture con- 


the percentage of total solids or an- 
hydrous soap content, or both. 

(a) The material shall be purchased 
by net weight, provided the matter 
volatile at 105 C. is neither above nor 
below 13 per cent. 


TABLE I.—CHEMICAL REQUIREMENTS. 
Moisture and matter volatile at 105 C., 
max., per cent 
Sum of free alkali and total matter 
insoluble in alcohol (alkaline salts), 
max., per cent 
Matter insoluble in water, max., per 


cent 

Titer of mixed fatty acids prepared 
from the soap, max 

Material passing an 105- micron (No. 
140) sieve, max., per cent.. 

Material retained on an 1680-micron 
(No. 12) sieve, max., per cent 

Rosin acids 

Anhydrous soap content, per cent.... 


@ Deliveries which yield more than 16 per cent volatile 
matter shall be rejected without further test. 


25 to 50 


(b) Deliveries containing more than 
16 per cent of matter volatile at 105 C. 
shall be rejected without further test. 

(c) On deliveries containing less than 
16 per cent of matter volatile at 105 C., 
settlement shall be made on the basis of 
a product containing 13 per cent of 
moisture, that is, 0.87 lb. of nonvolatile 
matter shall be considered 1 lb. of soap. 

(d) When the material conforms to 
these specifications on a calculated 16 
per cent moisture and volatile matter 
basis, the net t weignt of the material 
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to be paid for shall be calculated as 


R X (100 — L) say 


net weight of the material to be 
paid for on 13 per cent moisture 
and volatile matter basis, 
net weight of material, as 
received, and 

= percentage loss at 105 C. 


In the event that the calculation 
under Paragraph (d) results in a figure 
greater than 100 per cent, due to low 
moisture content at the time of filling, 
weighing, and packing, the seller waives 
the right to invoice the purchaser for 


any amount in excess of 100 per cent. 


nee 
te 


D-12 (APPENDIX IT) 


Methods of Sampling and Analysis 


5. (a) The material shall be sampled 
and analyzed in accordance with the 
Standard Methods of Sampling and 
Chemical Analysis of Soaps and Soap 
Products (A. S. T. M. Designation: 
D 460) of the American Society for 
Testing Materials.2 The purchaser re- 
serves the right to use any additional 
available information to ascertain 
whether the material conforms to these 
specifications. 

(6) The sieve analysis shall be made in 
accordance with the Standard Method of 
Test for Particle Size of Soaps and Other 
Detergents (A. S. T. M. Designation: 
D 502) of the American Society for 
Testing Materials.* 


2 1939 A.S.T.M. Standards, Part III, p. 487, 
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APPENDIX III 


PROPOSED SPECIFICATIONS FOR GRIT CAKE SOAP, 


These are proposed specifications and are published as information only. 


Comments are solicited and should be addressed to the American 


Society for Testing Materials, 260 S. Broad St., 


Scope 


1. These specifications cover grit soap 
for scouring and scrubbing purposes, of 
two types as follows: 

Type A, for fine work such as glass 
and enamel, and 

Type B, for general scouring and 
scrubbing. 

General Requirements 

2. Grit soap shall be well compressed 
cakes of a satisfactory degree of fri- 
ability, which shall not be materially 
aflected or lessened after immersion or 
contact with water. The soap shall be 
unscented and shall be of a light gray 


or white color. 


3. Grit cake soap, as received, shall 

conform to the requirements as to chem- 

ical composition prescribed in Table I. 


Chemical Composition 


Basis of Purchase 


4. Grit cake soap of both types shall 
be purchased by net weight. 


Methods of Sampling and Analysis 


(a) The material shall be sampled 
and analyzed in accordance with the 
Standard Methods of Sampling and 
Chemical Analysis of Soaps and Soap 
Products (A. S. T. M. Designation: 


1 These prpueeed specifications are under the jurisdic- 
m of the A.S.T.M. Committee D-12 on Soaps and Other 


Detergents. 
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Philadelphia, Pa. 


D 460),? of Sampling and Chemical Anal- 


ysis of Special Detergents (A. S. T. M. 
Designation: D 501-39)? and the Tenta- 
tive Methods of Sampling and Chemical 
Analysis of Special Detergents (A. S. 
T. M. Designation: D 501-40 of 
the American Society for Testing Ma- 
terials. The purchaser reserves the 


TABLE I.—CHEMICAL REQUIREMENTS 


Type A TypeB 

Moisture and matter volatile at 

105 C., max., per cent. d 5.0 
Alkali as alkaline salts (total 

alkalinity of matter insoluble 

in alcohol, calculated as 

NaeCOs), max., per cent 1.0 3.0 
Free alkali, calculated as NaOH, 

max., per cent 0.1 0.1 
Siliceous matter insoluble in 

water, per cent 88 to 93% 
Material passing an 149-micron 

(No. 100) sieve, per cent 100 100 
Material retained on a 74-micron 

(No. 200) sieve, max., percent. 5.0 
Rosin, sugar, and foreign matter. none none 
Anhydrous soap content shall be within 1 per cent 
of the difference be- 
* tween 100 and the sum 
of matter volatile at 
105 C., insoluble silice- 
ous matter, and alkali 
as alkaline salts 


75 to 85% 


* Insoluble siliceous material in type A soap shall con- 


sist of not less than 90 per cent of ground feldspar; in 
type B it shall consist mainly of quartz. 


right to use any additional available 
information to ascertain whether the 
material conforms to these specifications. 

(6) The sieve analysis shall be made in 


accordance with the Standard Method of © 
Test for Particle Size of Soaps and © 


Other Detergents (A. S. T. M. Designa- 
tion: D 502) of the American Society 
for Testing Materials.5 


The. gt A.S.T.M. Standards, Part III, p. 487. 
3 1 p.5 
41940 ‘Siplement to Book of A.S.T.M. Standards, 
Part III, p. 
5 1939 Book of A.S.T.M Standards, Part III, p. 509. 
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Committee D-13 on Textile Materials 

3 held two meetings during the year: one 
7 a on October 18 to 20, 1939, in New York, 

N. Y., and the other on March 13 and 
a ; 14, 1940, in Charlotte, N.C. The num- 
ber of members and guests registered 
was 138 and 98, respectively. A third 
- meeting will be held i in June at Atlantic 
City, N. J., in conjunction with the 

4 annual meeting of the Society. 

The executive direction of the com- 
-mittee’s affairs required three meetings 
_of the officers and two meetings of the 
advisory committee. Of the 28 sub- 

committees or sections which compose 

the organization of the committee, 24 

held sessions at the fall meeting and 17 

at the spring meeting. From these 
facts, together with the many recom- 
mendations regarding standards included 
herein, it is evident that interest in 
_ standardization in the textile field is as 
active and productive as usual. 

In March the committee held its first 
meeting in the South since 1930. Its 
‘. purpose was to bring the work of Com- 
mittee D-13 to the attention of a larger 
number of the technical men of this im- 
portant textile producing region, and to 
secure their cooperation in the develop- 
ment and increased use of the textile 
standards of the American Society for 
Testing Materials. The committee is 
indebted to F. S. Mapes, D. E. Truax, 
and W. B. Hodge who served as a Com- 
mittee on Arrangements, and to R. W. 
Philip and B. E. Royal who ably handled 
the publicity Sentures. The ‘Papers pre- 
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sented at this meeting are given in the 
report of Subcommittee B-6 on Papers. 

Only one change has occurred in the 
membership of the advisory committee. 
L. H. Nicholson has been appointed chair- 
man of Section II on Yarn, Roving, and 
Twine of Subcommittee A-8 on Glass 
Fiber and its Products vice S. J. Rosch, 
resigned. 

At the March meeting upon the recom- 
mendation of Subcommittee B-4 on 
Bleaching, Dyeing, and Finishing, W. M. 
Scott as its chairman and as the repre- 
sentative of the Society on the Inter- 
Society Color Council, presented to the 
general session of Committee D-13 the 
following motion which was approved 
unanimously and in accordance with the 
vote is presented here: 

In order to promote uniformity of nomen- 
clature in the presentation of textile color data, 
Committee D-13 shall endorse the method of 
designating colors (known as the ISCC-NBS 
method) developed by the Inter-Society Color 
Council at the National Bureau of Standards, 
and shall print this endorsement in its annual 


report and in the compilation of A.S.T.M. 
Standards on Textile Materials. 


Committee D-13 has adopted this year 
a Recommended Practice for Calculating 
the Number of Tests to be Specified in 
Determining an Average Characteristic 
of a Textile Material. The procedure 
was developed by Subcommittee B-5 on 
Sampling, Presentation, and Interpre- 
tation of Data (A. G. Ashcroft, chair- 
man). Committee D-13 is thus the first 
standing committee to provide its sub- 
committee. chairmen with a method, 
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based on the statistical theory of prob- 
ability for determining the proper num- 
ber of tests, and to officially recommend 
its use in the development of textile 
standards. The procedure has already 
been put into use by several subcom- 
mittees. 


a0. 


textile materials, and is slime. 
the revision of four tentative standards, 
the revision of three existing standards 
for immediate adoption, the tentative 
revision of six existing standards, the 
adoption as standard of five tentative 
standards and of tentative revisions of 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items Affirmative Negative 


I. New TENTATIV® STANDARDS 
Spec. for All Wool, All Cotton, and Wool and Cotton Blanketing (House- 
hold) 


Testing Woven Asbestos Cloth 

Testing and Tolerances for Glass Yarn 

Testing and Tolerances for Woven Glass Ta 

Testing and Tolerances for Woven Glass Fabr 

Testing and Tolerances for Woven Glass Tubular Sleeving and Braids.. 
Test for Resistance of Textile Fabrics to Water 

Test for Resistance of Textile Fabrics and Yarns to Moths 

Test for Shrinkage of Grease Wool (Laboratory Scale Operations) 


II. Revistons OF TENTATIVE STANDARDS 


Spec. for Bleached Wide Cotton Sheeting (D 503 - 38 T) 

Spec. and Test for Fineness of Wool Tops (D 472 - 37 T) 
est ‘for Apparent Fluidity of Dispersions of Cellulose Fibers in Cupram- 
monium Hydroxide (D 539 - 39 T) 

Definitions of Terms Relating to Textile Materials (D 123 - 39 T) 


III. REvistons OF STANDARDS 
Testing and Tolerances for Cotton Yarns and Thread (D 180 - 37), im- 
mediate adoption 
Testing and Tolerances for Hose Ducks and Belt Ducks (D 181 — 36), im- 
mediate adoption 
Testing Pile Floor Covering (D 418 - 39), ~~ hen adoption 
Spec. for Textile Testing Machines (D 76 - 
Spec. and Test for Asbestos Roving for Electrica Purposes (D 375 - 37).. 
Spec. and Test for Asbestos Yarns (D 299 - 37) 
Spec. and Test for Asbestos Tape for Electrical Purposes (D 315 - 37).. 
Testing and Tolerances for Cotton Sewing Threads (D 204 - 39 
Testing and Tolerances for Tire Cord, Woven and on Cones (D 179 - 38).. 


IV. ApopTtion oF TENTATIVE STANDARDS AS STANDARD 
ore, for Terry (Turkish) Toweling (D 505 - 38 T) 
39 


moocooooco 


ans and Tolerances for Continuous Filament Rayon Yarns (D 258 - 
Test for Fiber Length of Wool (D 519 - 38 T) 
Testing Wool Felt (D 461 - 38 T), as revised 
Definitions of Terms Relating to Textile Materials (D 123 - 39 T) 


V. ADopTion AS STANDARD OF TENTATIVE REVISIONS OF STANDARDS 
Spec. for Textile Testing Machines > 76 - 39), as revised 
Spec. and Test for Cotton Goods for Rubber and Pyroxylin Coating 
(D 334 - 34), as revised 
VI. WITHDRAWAL OF TENTATIVE REVISION OF STANDARD 
Testing Woven Textile Fabrics (D 39 - 39; ASA LS - 1939) 40 


The present membership of Commit- two existing standards, and the with- 
tee D-13 is 211; of whom 96 are classified drawal of a tentative revision of an 
as producers, 46 as consumers, and 69 as 


existing standard. The revisions being 
general interest members. 


__ presented are included in detail in the 
and are accompanied, where 
necessary, by brief statements of the 
reasons for such revisions. The new 
lication as tentative one new specifica- tentative standards and existing stand- 
tion and eight new methods of test for ards affected are listed in Table ' and are 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Committee D-13 is presenting for pub- 
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also referred to under the subcommittee 
activities. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 211 members, 
the results being shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


The recommendations being  sub- 
mitted indicate that the various sub- 
committees and sections have been quite 
active during the past year. Many 
important projects are under considera- 
tion and are mentioned briefly as fol- 
lows: 


Subcommittee A-1 on Cotton and Its 
Products (K. B. Cook, chairman): 


Section I on Cotton (R. W. Webb, 
chairman) has developed two methods, 
one on cross-sectioning and one on nep- 
piness, which are included in the exten- 
sive revision! to be recommended in the 


Tentative General Methods of Testing 
Cotton Fibers (D 414 - 37 T)2 
The agenda of the section includes 


studies of the flat-bundle test for 
strength, polarized light method for 
maturity, and photoelectric methods for 
length of fibers. 

Section II on Cotton Yarns and Threads 
(A. C. Clifford, chairman) is recommend- 
ing for immediate adoption a revision and 
rearrangement,’ of the Standard General 
Methods of Testing and Tolerances for 
Cotton Yarns and Threads (D 180 — 37). 
A revision for publication as tentative 
in the Standard Methods of Testing and 
Tolerances for Cotton Sewing Threads 
(D 204-39) is also recommended, as 
given in the Appendix. 

A tentative revision of Methods D 180 
covering a test for appearance has been 


1 See Editorial Note, p 412. 

21939 Book of A.S.T.M. Standards, Part III, p. 987. 

% These revised methods were adopted as standard 
by the Society and appear in the 1940 Supplement to 
Book of A.S.T.M. Standards, Part III, p. 156. 


published for two years, during which 
time the number of users has materially 
increased. The section feels that addi- 
tional experience is desirable and, there- 
fore, recommends that the revision be 
continued as tentative. 

Statistical analyses are in progress to 
develop requirements for number of 
tests in Standard Methods D 180 and 
D 204. 

Studies are being conducted on the 
tension necessary to straighten a yam 
without stretching it, and the tolerances 
for cotton yarn numbers. 

Section III on Light and Medium Cot- 
ton Woven Fabrics (R. T. Fisher, chair- 
man) is recommending the adoption as 
standard of the tentative revision in the 
Standard Specifications and Methods 
of Test for Cotton Goods for Rubber 
and Pyroxylin Coating (D 334-34), 
amended as proposed in the Appendix. 

Section IV on Tire Fabrics (Martin 
Castricum, chairman) is conducting a 
study of a testing procedure to evaluate 
the relative merits of the bone- dry and 
conditioned methods. 

The section is recommending a further 
tentative revision, as given in the Ap- 
pendix, of the Standard Methods of 
Testing and Tolerances for Tire Cord, 
Woven and on Cones (D 179 — 38). 

Section V on Heavy Cotton Woven 
Fabrics (B. L. Whittier, chairman) is 
recommending for immediate adoption a 
revision, as given in the Appendix, of the 
Standard Methods of Testing and Toler- 
ances for Hose Ducks and Belt Ducks 
(D 181 — 36), covering the deletion oi 
certain test methods and the substitu- 
tion of references to the Standard General 
Methods of Testing Woven Textile 
Fabrics (D 39). 

The section is studying moisture re- 
gain of heavy woven fabrics under 
standard atmospheric conditions. A 
new approach is being made to the old 
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problem of jaw breaks in testing heavy 
woven fabrics. 

Subcommittee A-2 on Rayon and Its 
Products (A. M. Tenney, chairman): 
Section I on Rayon (A. M. Tenney, 

chairman) recommends the adoption as 

standard of the Tentative Methods of 

Testing and Tolerances for Continuous 

Filament Rayon Yarns (D 258 — 39 T).4 

The principal problem before the section 

is the development of a method for 

determining the commercial weight of 
rayon yarn. 

Section II on Rayon Fabrics (Alexis 
Sommaripa, chairman) recommends that 
the Tentative Method of Test for 
Resistance to Yarn Slippage in Silk, 
Rayon, and Silk-Rayon Woven Fabrics 
(D 434-36 T) be continued as tenta- 
tive, pending the results of its study of 
means to control shrinkage which has an 
important bearing on the results of the 
test for slippage. 

Section III on Rayon Staple and Spun 
Rayon Yarn (K. B. Cook, chairman) is 
collaborating with Section I in the 
development of a method for determin- 
ing the commercial weight of rayon 
yarns, and with Section I of Subcom- 
mittee B-1 in the development of a 
method for determining the resiliency of 
rayon staple fiber. 


Subcommittee A-3 on Wool and Its Prod- 
ucts (A. G. Ashcroft, chairman): 


Section I on Wool (Werner von Bergen, 
chairman) recommends for publication 
as tentative a Method of Test for Shrink- 
age of Grease Wool (Laboratory Scale 
Operations). This method has been 
published as information for the past 
year and has proven satisfactory. 

The Tentative Method of Test for 
Fiber Length of Wool (D 519 - 38 T)é 


* 1939 Book of A.S.T.M. Standards, Part III, p. 1007. 

5 This method was accepted as tentative by the Societ 
and appears in the 1940 Supplement to Book of A.S.T.M. 
Standards, Part III, p. 485. 

51939 Book of A.S.T.M. Standards, Part III, p. 1041. 
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has been published as t 
years; no criticism of the method has 
been received during that time and the 
section therefore recommends that it be 
adopted as standard. 

The amended U. S. Government 
Requirements for Wool Tops were issued 
January 1, 1940, and the section is 
recommending that they be substituted 
for the requirements appearing in the 
Tentative Specifications and Methods 
of Test for Fineness of Wool Tops 
(D 472 — 37 T), as given in the Appen- 
dix, and that the specifications as revised 
be continued as tentative. Members of 
the section cooperated in the develop- 
ment of these requirements through the 
submission of 86,000 measurements on 
26 samples. 

Members of the section have also been 
the chief cooperators in the development 
of methods used in the Wool Scouring 
Laboratory, recently established in Bos- 
ton by the U. S. Treasury Department 
for testing raw wool samples for deter- 
mining duties on imports. 

The agenda of the section includes: 
(1) the development of a method for the 
determination of moisture in wool tops 
for the purpose of specifying the limits 
of variation from the standard; (2) 
statistical analysis of measurements of 
wool tops with a view to defining the 
grades of this material in purely mathe- 
matical terms; (3) length specifications 
for wool top as used by the Wool Top 
Exchange; and (4) a method of tension 
testing of wool top, and woolen and 
worsted roving. 

Section II on Felt (G. H. Harnden, 
chairman) is recommending the adop- 
tion as standard of the Tentative Meth- 
ods of Testing Wool Felt (D 461 — 38 T), 
revised as given in the Appendix. 

Section III on Woolen and Worsted 
Yarns (Fred Noechel, chairman) is 
making statistical analyses to determine 
the number of tests to be made for yarn 
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number and breaking strength of woolen 


_ and worsted yarns. 

Section IV on Pile Floor Coverings (J. 
N. Dow, chairman) is recommending for 
immediate adoption certain revisions of 
the Standard Methods of Testing Pile 
Floor Covering (D 418-39) as given 
in the Appendix. 

Progress is being made with the prob- 
lem of standardizing machine wear tests 
and service tests, in which the National 
Bureau of Standards is collaborating. 

Specifications for a machine to be 

tried out for rating “shedding” proper- 

_ ties have been distributed to the mem- 

_ bers of the section. 


___ The section is working on the develop- 


_ ment of soiling and crushing tests, and a 
method of rating color fastness. Sta- 
. tistical studies are being made to deter- 
- mine the precision of analysis of Ax- 
minster carpet. 
Section V on Woolen and Worsted 
Fabrics (F. A. Prisley, chairman) recom- 
- mends that the Tentative Methods of 


Testing and Tolerances for Certain Wool 
and Part Wool Fabrics (D 462 — 37 T), 


_ which have been tentative for three years 
without revision, be continued as tenta- 
tive, since some objections to the 
- methods have been received and certain 
pending legislation may involve some 
changes. Work on necessary revisions 
is in progress, which includes an inter- 
laboratory check on the method for the 
determination of wool fiber content. 


Subcommittee A-4 on Asbestos and Its 
Textile Products (F. S. Mapes, chair- 
man): 


This subcommittee is recommending 
for publication as tentative, certain 
revisions of the Standard Specifications 

and Methods of Test for Asbestos Rov- 
ing for Electrical Purposes (D 375 — 37), 
for Asbestos Yarns (D 299 — 37), and for 
Asbestos Tape for Electrical Purposes 
(D 315 — 37), as given in the Appendix. 


New Methods of Testing Woven 
Asbestos Cloth are proposed for publi- 
cation as tentative.’ 

Subcommittee A-4 is continuing its 
investigations of methods and _ instru- 
ments for thickness measurements, the 
effect of heat on various grades of 
asbestos cloth, and iron in asbestos, 
The development of methods of testing 
asbestos braided sleeving is in progress. 


Subcommittee A-5 on Bast and Leaf 
Fibers and Their Products (A. R. 
Howe, chairman): 


This subcommittee is working on 
necessary revisions of the Tentative 
Methods of Testing and Tolerances for 
Single Jute Yarn (D541-39T) and 
the Standard Specifications and Methods 
of Test for Cuban (Jute) Raw Sugar 
Bags (D 275 — 33). 

Studies are being made of comparative 
results obtained by the pendulum and 
constant specimen-rate-of-load types of 
testing machines. Statistical methods 
are being applied to determine the pre- 
cision of the test methods. 


Subcommittee A-6 on Household and 
Garment Fabrics (Ruth O’Brien, chair- 
man): 


The subcommittee recommends that 
the Specifications for All Wool, All 
Cotton, and Wool and Cotton Blanket- 
ing (Household) be accepted for publi- 
cation as tentative. Owing to the wide 
variety of blanketing constructions, 
these specifications answer the need for 
a classification based on minimum 
physical requirements which can be used 
as a buying and selling guide. The 
classification and physical requirements 
are based on the analyses of a large 
number of commercial blanket fabrics. 


7 This method was accepted as tentative by the Society 
and appears in the 1940 a to Book of A.S.T.M. 
Standards, Part III, p. 

These accepted as tentative by 
the Society and appear in the 1940 Supplement to Book 0! 
A.S.T.M. Standards, Part III, p. 436. 


is re 
shee 
Spec 
Shee 
N 
the 
(Tu 
acca 
men 
T 
Sing 
tent: 
view 
deve 
the 
thes 
rq tent 
prep 
roy, 
fabri 
of t 
| 
Py 
publ 
Test 
for 
3 Glas 
prop 
need 
the 1 
glass 
TI 
para: 
brea] 
pend 
of-lo: 
ST. 
respect 


A revision, as given in the Appendix, 
is recommended in the classification of 
sheetings appearing in the Tentative 
Specifications for Bleached Wide Cotton 
Sheeting (D 503 — 38 T). 

No criticisms have been received of 
the Tentative Specifications for Terry 
(Turkish) Toweling (D 505 — 38 T)® and 
accordingly the subcommittee recom- 
mends that they be adopted as standard. 

The Tentative Specifications for 
Single-Ply Bleached Cotton Broadcloth 
(D 504 — 38 T) have been published as 
tentative for two years; however, in 
view of the work in progress on the 
development of a method for the deter- 
mination of the degree of mercerization, 
the subcommittee recommends that 
these specifications be continued as 
tentative. 

The subcommittee has in progress the 
preparation of specifications for cordu- 
toy, dish toweling, and upholstery 


fabrics, and the development of a method 


of testing blanketing for heat trans- 
mission. 


Subcommittee A-8 on Glass Fiber and Its 
Products (Dean Harvey, chairman): 


This subcommittee recommends for 
publication new Tentative Methods of 
Testing and Tolerances for Glass Yarn, 
for Woven Glass Tapes, for Woven 
Glass Fabrics, and for Woven Glass 
Tubular Sleeving and Braids.!° These 
proposed tentative standards supply a 
need for test methods and tolerances for 
the new textile products being made of 
glass fiber. 

The subcommittee is making a com- 
parative study of the results obtained in 
breaking tests of glass yarn by the 
pendulum and constant specimen-rate- 
of-load types of testing machines. 


#1939 Book of A.S.T.M. Standards, Part TIT, p. 290 

0 These methods were accepted as tentative y the 
rey and appear in the 1940 Supplement to Book of 
AS.T.M. Standards, Part III, pp. 467, 476, 471, and 474, 
respectively. 


Section ITI on (K. N. Mathes, 
chairman) is working on abrasion tests 
for glass yarns and fabrics, and is also 
participating in the work of a joint com- 
mittee, composed of representatives of 
cotton, asbestos, and glass tape interests, 
on the study of methods of measuring 
thickness. 


Subcommitice B-1 on Methods and Ma- 
chines (W. D. Appel, chairman): 


Section I on Methods (W. D. Appel, 
chairman) recommends that the Tenta- 
tive Methods for Identification of Fibers 
in Textiles and Quantitative Analysis 
of Textiles (D 276 — 37 T) be continued 
as tentative in view of the fact that a 


complete revision of the methods is nowin © 


progress. The revision will probably 


result in the division of these methods | 


into two separate tentative standards, 


> 


one covering identification methods and 


the other on methods of quantitative 
analysis. 
The section 


is recommending an — 


editorial revision of the Standard Gen- _ 
eral Methods of Testing Woven Textile — 


Fabrics (D 39-39), as given in the 


Appendix. It also recommends the — 


withdrawal of the revision of Methods 


D 39 covering the raveled strip method — 


which was published as tentative in 


1937." The withdrawal is based on 
pertinent objections to the limit placed 
on the applicability of the method. 
Other work in progress consists of: (/) 
the development of an accelerated aging 
test for textiles; (2) tests for resiliency of 


raw fibers; (3) tests for resistance of _ 7 
fibers and fabrics to soiling; and (4) the = 


preparation of a table of basic properties _ 
of textile fibers. 

Section II on Machines (H. J. Ball, 
chairman) recommends that the revision 
published as tentative in 1938 of the 
Standard Specifications for Textile Test- 
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ing Machines (D 76-39), which pro- 
vides specifications for bursting testers 
be further revised, as given in the Ap- 
pendix, and approved for adoption as 
standard. This section is also recom- 
mending a tentative revision of Specifi- 
cations D 76 to provide a method of 
calibrating thickness gages, as set forth 
in the Appendix. 

The study of the effect of rate-of- 
loading on the strength of yarn as deter- 
mined on type B testing machines is 
being continued. Also, work is in pro- 
gress on the preparation of specifications 
for twist testers. 


Subcommittee B-2 on Nomenclature and 
Definitions (A. G. Scroggie, chairman): 


This subcommittee recommends the 
adoption as standard of the definitions 
included in the present Tentative Defi- 
nitions of Terms Relating to Textile 
Materials (D123-39T)," with the 
exception of the definitions for standard 
moisture regain and crimp which are 
being retained as tentative. Also, it is 
recommended that definitions of the 
following terms be accepted for publica- 
tion as tentative:* carrier, standard 
condition, fineness, textile glass, length 
distribution, maturity, moisture equi- 
librium, sliver, and twine. 

A glossary of terms relating to textile 
materials is published in the Compilation 
of A.S.T.M. Standards on Textile Mate- 
rials and the subcommittee is recom- 
mending the addition to the glossary of 
definitions and illustrations of certain 
common defects in fabrics. 

The subcommittee has a number of 
definitions under consideration. It is 
also working on a standardized form of 
expressing yarn construction. 


12 1939 Book of A.S.T.M. Standards, Part III, p. 970. 

18 These definitions were accepted as tentative by the 
Society and appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part III, p. 428. 
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Subcommittee B-4 on Bleaching, Dyeing 
and Finishing (W. M. Scott, chair. 
man): 


This subcommittee is recommending 
for publication two new methods of test, 
namely, a Tentative Method of Test for 
Resistance of Textile Fabrics to Water, 
and a Tentative Method of Test for 
Resistance of Textile Fabrics and Yarns 
to Moths.“ It also recommends cer- 
tain revisions of the Tentative Methods 
of Test for Fluidity of Cellulose Fibers 
(D 539 — 39 T), as given in detail in the 
Appendix. 

In view of a further study being given 
to the Tentative Method of Test for 
Volumetric Determination of Small 
Amounts of Copper in Textiles (D 463 - 
37 T), the subcommittee recommends 
that this method be continued as ten- 
tative. 

Subcommittee B-4 has on its agenda 
the development of: (/) qualitative and 
quantitative methods of test for the 
determination of synthetic resin finishes 
on textiles; (2) a method for measuring 
the acidity and alkalinity of textile 
fabrics; and (3) a method for evaluating 
so-called “bacteria-static” finishes on 
textiles. 


Subcommitice B-5 on Sampling, Presen- 
tation, and Interpretation of Data 
(A. G. Ashcroft, chairman): 


The work of this subcommittee is 
quite different from that of the other 
subcommittees in that it cooperates with 
the other subcommittees in making 
statistical studies of data with a view to 
establishing the number of tests re- 
quired to give a desired precision. The 
subcommittee has been very active, and 
as indicated elsewhere in this report, 2 
number of the subcommittees are con- 
ducting such studies. For the purpose 


4 These methods were accepted as tentative by the 
Society and appear in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part III, pp. 424 and 422, respectively. 
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of guiding this work, Subcommittee B-5 
has prepared a Proposed Recommended 
Practice for Calculating the Number of 
Tests to be Specified in Determining an 
Average Characteristic of a Textile 
Material. It is planned to publish this 
proposed recommended practice, as in- 
formation, if approved by letter ballot of 
the committee, in the 1940 Compilation of 
AS.T.M. Standards on Textile Ma- 
terials. 


Subcommittee B-6 on Papers (R. H. 
Brown, chairman): 


This subcommittee arranged for the 
presentation of the following papers at 
the March, 1940, meeting: (No papers 
session was held at the October, 1939, 
meeting.) 


“The Use of Synthetic Organic Chemicals 
in Textile Finishes,” by D. E. Truax, 

“Some Observations and Preliminary Con- 
clusions Concerning the Influence of Variety, 
Locality of Growth, and Season on the Fiber 
and Spinning Properties of Cotton, with Special 
Reference to Two Selected Varieties for the 
Crop Years of 1936 and 1937,” by R. W. 
Webb, 

“Standardization of Color Names—The 
ISCC-NBS Method,” by Dorothy Nickerson, 

“Quality Criterions for Spun Rayon Fab- 
rics,” by Alexis Sommaripa, and 

“Committee D-13 and the A.S.T.M. Stand- 
ards on Textile Materials,” by H. J. Ball. 


Abstracts of the first three papers 
will appear in the 1940 edition of the 
compilation of A.S.T.M. Standards on 
Textile Materials. 


Special Committee for Testing of Textile 
Finishes (L. B. Arnold, Jr., chairman): 


Edwin C. Dreby was appointed re- 
search associate and began work on this 
industrially sponsored investigation on 
August 1, 1939, at the National Bureau 
of Standards. The object of the project 
is the development of methods and in- 
struments for the physical evaluation of 
the “hand” of fabrics, thereby making it 
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possible to measure the effect of various <> - 


finishing agents upon this important, 


but at present indeterminate, property __ 


of textile materials. Analysis of “hand” 
has yielded a measure of the extent of | 
correlation between the sensory evalua- 
tion of closely similar fabrics by experts 
and the terms used to describe their 
evaluation of the property. The anal- 
ysis has indicated also what degrees of 
difference can be detected by the experts 
between individual fabrics and has thus 
established a basis for determining the 
limits of precision for instruments. 
Work is now being concentrated upon 
the evaluation of three factors best 
described by the terms limpness, smooth- 
ness, and fullness. Excellent correla- 
tion has been established between limp- 
ness measurements obtained with the 
Schiefer flexometer, by the Pierce hang- 
ing-heart loop method, and the expert’s 
evaluation of the same property. Sim- 
ple devices and methods for measuring 
surface smoothness are being developed 
and studied. 

The interest of the Special Committee 
in methods for evaluating the fire resist- 
ance of fabrics is probably covered by 
the “Recommended Requirements for 
Flameproofing of Textiles’? developed 
at the National Bureau of Standards 
and adopted by the National Fire 
Protection Association as a tentative 
standard. A copy has been transmitted 
to Subcommittee B-4 on Bleaching, 
Dyeing, and Finishing for its con- 
sideration. 

Acknowledgment is made of the close 
cooperation and valuable assistance and 
advice which have been given by the 
National Bureau of Standards and its 
staff. One change has occurred in the 
personnel of the Directing Committee. 
Laura E. Pratt has been appointed to 
take the place of Elizabeth Weirick, 
resigned. The great majority of the 
present subscribers to the investigation 
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At the March, 1940, meeting the 
present officers of the committee were 
re-elected for the two-year period from 
June, 1940, to June, 1942. 


have agreed to continue their support for 
another year, and additional sponsors 
have been obtained. 


_ This report has been submitted to 
letter ballot of the committee which 


REpoRT OF COMMITTEE D-13 


consists of 211 members; 95 mem 
bers returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of 
the committee, ng 


Secretary. 


ee 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee D-13 presented to the Society 
through Committee E-10 on Standards a revision of the Tentative General 
Methods of Testing Cotton Fibers (D 414-37T). The tentative methods 
in their revised form were accepted by Committee E-10 on September 5, 1940, 
and appear in the 1940 — to Book of A.S.T.M. Standards, Part 


ITI, p. 446. 
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PROPOSED REVISIONS IN STANDARDS FOR TEXTILE MATERIALS 


In this Appendix are given proposed 
revisions in certain standards and tenta- 
tive standards covering textile materials 
which are referred to earlier in this 
report. In connection with each title is 
given the reference to the publication in 
which the standard appears in its present 
form. 


REVISIONS OF TENTATIVE STANDARDS 


Tentative Specifications for Bleached 
Wide Cotton Sheeting (D 503 - 38 T) :! 


The purpose of the revision is to over- 
come objection to the use of the name 
“muscale” which was coined to dis- 
tinguish one construction. 

Section 3—Change the classification 


Tentative Specifications and Methods of 
Test for Fineness of Wool Tops 
(D 472 -37T)? 


The revisions in these specifications 
and methods are being recommended in 
order to bring the requirements for wool 
tops in full agreement with the govern- 
ment standards. 

Table I.—Replace the present table | 
of requirements by the accompanying 
Table I. 

Section 4.—Change from its present 
form to read as follows: 


4. Samples comprising two or more sections 
of sliver, each at least 1 yd. in length, shall be 
submitted in accordance with the following 


requirements: 
of materials from its present form: ewe wate 
namel of Ball 
Size of Lot,® Ib. Sampled Samples 
Percale and under ....... 2 1 
Muscale 5000 to 20000 .. 3 1 
Over 20000. ......... 3 for each 1 for each 
Grade A 20000 Ib. 20000 Ib. 
Muslin {Grade B 
Grade C ® The term “‘lot”’ as used here refers to a single comb- 


to read as follows: 


Type 1, percale. 

Type 2, fine-count muslin. 
Type 3. 

Type 4, heavy-weight muslin. 
Type 5, medium-weight muslin. 
Type 6, light-weight muslin. 


Table I.—Change the names of the 
materials in the headings of this table to 
the respective type numbers as indi- 
cated in the revision of Section 3 above. 


11939 Book of A.S.T.M. Standards, Part III, p. 977. 
2 Ibid., p. 1035. 


ieee! He ing lot or portion thereof. 


follows: 


grade 64’s wool tops is to be tested, at least 
1 yd. of the wool top is taken from each of 


Section 10.—Add a new note to read 


Note: Example.—If a lot of 5000 lb. of 


2 balls as the sample. The required 600 fibers 
are taken in equal proportions from the two 
lengths of sliver, or 300 fibers from each. If 
the lot runs from 5,000 to 20,000 lb., three 
1-yd. lengths, one from each of 3 balls, will be 
required for the sample. In this case, each 
length would supply 200 fibers or 600 fibers 
for the three lengths. 


em 
of 
rf 
| 
as 


Figure 6. Replace the illustration of 
_ the wedge measure by the accompany- 
ing Fig. 1. 


Tentative Method of Test for Apparent 

Fluidity of Dispersions of Cellulose 
a, Fibers in Cuprammonium Hydroxide 
(D 539 - 39 T): 


Section 2.—Add a footnote to refer to 
the viscosimeter described in Paragraph 
(a) to read as follows: 


Suitable viscosity apparatus, originally de- 
ne signed by the Technical Association of the 


In Paragraph (d) omit “when d = { 
and F = 100” which follows Eq. 2, and 
change Eq. 3 to read as follows: 


_ — 


Change the paragraphs describing 
constants C and K to read as follows: 


Constant C shall be determined first. A 
liquid of known low fluidity and for which 
the kinetic energy of flow (constant K) is 
sufficiently small to be negligible shall be used, 
A suitable liquid for this purpose is an oil (Note) 
having a known density and a calibrated fluidity 


TABLE I.—REQUIREMENTS FOR WOOL TOPS.* 


70’s 64’s 


. Fibers, per cent: 
to 20 microns, incl., min 
to 25 microns, incl., min 
to 30 microns, incl., min 
25.1 to 30 microns, incl., max 
25.1 to 40 microns, incl., max 
30.1 to 40 microns, incl., max 


30.1 to 50 microns, incl., max 
40.1 to 50 microns, incl., max 


50.1 and over microns, max 


400 


19.6 
21.0 


50 
84 


600 


* These requirements conform to the U. S. Government Requirements for Wool Tops promulgated January 1, 1940. 


@ Numbers in parentheses represent maximum percentage o 


60 Gi 62 63 65 6168 


72 73 747 


fibers of that range permissible in substandard grades. 


17 18 79 80 82 


4 


h 514 5 5 


4 35 36 3 


31 32 38 3 


8 29 3 


29mm 
4/mm. > 


4 


--- /2cm------ 


Fic. 1.—Wedge Measure. 


Pulp and Paper Industry for determining the 
cuprammonium viscosity of pulp, may be ob- 
tained from manufacturers of scientific appa- 
ratus. Calibrated viscosimeters may be ob- 
tained from the Shirley Institute, Didsbury, 
Manchester, England. 


* 1939 Book of A.S.T.M. Standards/’Part III, p. 981. 


between 3 and 5 rhes at a temperature of 20 C. 
The calibrating liquid shall be placed in the 
viscosimeter and maintained while measure- 
ments are being made at a temperature within 
plus or minus 0.5 C. of the temperature at 
which its fluidity is known. The time of flow! 
shall be determined in accordance with Section 
6 (c). The constant C shall be calculated from 
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Eq. 2 by assuming that K is equal to zero and 
substituting the known values of d and FP, 
and the determined value of ¢. 

Constant K shall be determined under the 
same temperature conditions and by the same 
procedure as used for the determination of 
constant C except that an oil (Note) having a 
known density and a calibrated fluidity between 
46 and 48 rhes shall be used as the calibrating 
liquid. The constant K shall be calculated 
from Eq. 3 by substituting the known values of 
d, F, C, and the determined value of ¢. 

Nore.—Calibration oils in the specified 
ranges of fluidity can be obtained from the 
National Bureau of Standards, Washington, 
D. C. Aqueous solutions of glycerol may be 
substituted for the calibrated oils. The first 
solution shall have a density of 1.1681 and 
a fluidity of 6.83 rhes at a temperature of 20 C. 
and the second solution shall have a known 
density and an exactly determined fluidity 
of about 50 rhes. 


Section 3.—Add a new paragraph to 
the note following this section, with 
appropriate references in Section 3, to 
read as follows: 


Published data indicate that with 0.5 per cent 
cellulose solutions of low fluidity, a variation 
in the copper concentration of 0.5 g. per liter 
will cause a change of 0.01 rhe in the fluidity, 
and a variation in the ammonia (NHs3) concen- 
tration of 20 g. per liter will cause a change of 
0.4 to 0.6 rhe in the fluidity. Data is not 
available for cellulose solutions with fluidities 
higher than 18 rhes. For routine work the 
above accuracy should be sufficient, but if 
greater accuracy is desired, the permissible 
variations in the cuprammonium solution may 
be reduced to plus or minus 0.1 g. of copper 
and plus or minus 5 -g. of ammonia (NHs) 
per liter. 


Section 5, shall be in accordance with the 


Standard General Methods of Testing Woven 
Textile Fabrics (A.S.T.M. Designation: D i 
of the American Society for Testing Materials. 


Sections 5 to 10.—Omit Sections 7... 


8, 9, and 10 on width, count, thickness, 


crimp, and breaking strength, respec- oe 


tively, and renumber Section 6 gilt 


Section 5. 


Standard Methods of Testing Pile 


Covering (D 418 - 39):5 


Section 2.—Omit Paragraph (a) 


reads as follows: 


(a) Unconditioned Weight.—The weight a 
the fabric when samples for weight deter- 
mination are cut from it is the unconditioned 
weight. A specification of the weight of a 
fabric must also specify the moisture condition. 


Section 14.—Add a new sentence at 
the end of this section to read as follows: 
The minimum area of a dissection sample 


shall be 16 sq. in. with a minimum linear dimen- 
sion of 2 in. 


Section 15.—Add a new Paragraph (a) 
to read as follows, relettering the subse- 
quent paragraphs accordingly: 


(a) Total Weight.—The weight of the sample 
before dissection shall be the total conditioned 
weight of the fabric. 

Nore.—In the case of certain special fabrics 
which may contain considerable nonfibrous 
material as coating, it may be desirable first to 
remove such material by a suitable method 
before weighing. In such a case the weight 


sans. _ obtained i is the total yarn weight of the fabric. 


REVISIONS OF STANDARDS FOR | ca Reletter Paragraph (c) as (d) and 
IMMEDIATE ADOPTION 


Standard Methods of Testing and Tol- 
erances for Hose Ducks and Belt 
Ducks (D 181.- 36) :4 


Section 4.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets. 


4. All test procedures, [not covered in the 
following Sections 5 to 10] except as specified in 


Bok A.S.T.M, Standards, Part III, p. 421. 


Ibid. Osi, 


change to read as follows by the addition 
of the italicized words and the omission 
of those in brackets: 


(d) Clean Pile Yarn.—The average of the 
weights of the samples of pile yarn, after 
[extraction to remove fats and after desizing 
to remove sizing materials] desizing and removal 
of fats in accordance with Section 3 of the Tenta- 
tive Methods for Identification of Fibers in 
Textiles and Quantitative Analysis of Textiles 
(A.S.T.M. Designation: D 276 - 37 T) of the 
American Society for Testing Materials,® shal] 


oH be the conditioned weight of clean pile yarn, 
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Note.—When it is desived to obtain a fiber 
analysis of the pile yarn the procedures given in 
Tentative Methods D 276 shall be followed. 


Reletter Paragraph (h) as (i), omit 
the note following it, and change the 
paragraph to read as follows by the 
addition of the italicized words and the 
omission of those in brackets: 


(i) Clean Backing Yarns.—When required, 
the average of the weights of the samples of 
warp yarn, stuffer yarn, and filling yarn after 
[extractions to remove fats and after desizing 
to remove size] desizing and removal of fats in 
accordance with Section 3 of Tentative Methods 
D 276, shall be the conditioned weight of clean 
warp yarn, clean stuffer yarn, and clean filling 
yarn, respectively. 


New Sections.—Add as new Sections 
16 and 17 the descriptions of procedures 
for measuring tuft length and determin- 
ing precision of results as appended 
hereto,’ renumbering the subsequent 
sections accordingly. 


TENTATIVE REVISIONS OF STANDARDS 


Standard Specifications for Textile Test- 
se ing Machines (D 76 - 39) :® 


‘The committee recommends the fol- 
lowing tentative revision of this standard 
in order to provide for a calibration 
method for thickness gages: 

Section 8—Add a new Paragraph (c) 
on calibration of thickness gages to read 
as follows: 


(c) Calibration.—The gage shall be calibrated 
for the actual load exerted by the presser foot 
by means of any device so arranged as to 
measure the total vertical force exerted by the 
presser foot at the several gage readings or 
presser foot levels selected for calibration. 
The presser foot shall be brought to each cali- 
bration level from a higher one. 

Nore.—It is suggested that the calibration 
may be accomplished by supporting the presser 

es Be on a horizontal strap suspended from a 


7 This revision was adopted as standard by the Society 
and has been incorporated in the methods which appear 
in the 1940 cranes to Book of A.S.T.M. Standards, 
Part III, p. 1 

§ 1939 Book’ of A.S.T.M. Standards, Part III, p. 364. 


sally 


chee 


ay 
weighing device so arranged that it may be 
raised or lowered gradually and leveled at any 
required position. 


Standard Specifications and Methods of 
Test for Asbestos Roving for Electrical 
Purposes (D 375 - 37) :° 


The committee recommends the fol- 
lowing tentative revision of this standard 
in order to provide for standard test 
conditions: 


New Section.—Under methods of test- 
ing add the following as a new Section 7 
on test conditions, renumbering the 
subsequent sections accordingly: 


7. Test Conditions.—All specimens shall be 
conditioned to moisture equilibrium in a stand- 
ard atmosphere having a relative humidity of 65 
per cent at 70 F. (21 C.). A tolerance of plus 
or minus 2 per cent is permitted in relative 
humidity and plus or minus 2 F. (1.1 C.) in 
temperature. 

Note.—For purpose of tests, it is recognized 
that samples reach moisture equilibrium after 
exposure for at least 4 hr., unless otherwise 
specified, under the above conditions. 


Standard Specifications and Methods of 
Test for Asbestos Yarns (D 299 - 37): 


The committee recommends the fol 
lowing tentative revision of this standard 
in order to standardize the statement on 
test conditions and to provide needed 
methods for the determination of twist: 

Section 2.—Add a new Paragraph (e) 
to read as follows, relettering the sub- 
sequent paragraphs accordingly: 


(e) Direction of Twist.—The direction of 
twist shall be as defined in the Tentative Defini- 
tions of Terms Relating to: Textile Materials 
(A.S.T.M. Designation: D 123) of the American 
Society for Testing Materials, as follows: 

Twist, Direction of — —A yarn or cord has § 
twist if, when held in a vertical position, the 
spirals conform in direction of slope to the 
central portion of the letter “S,” and Z twist 


* 1939 Book of A.S.T.M. Standards, Part ITI, p. 385. 
Ibid., p. 388. 
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if the spirals conform in direction of slope to 
the central portion of the letter “‘Z.” 


New Section.—Add as a new Section 7 
on twist to read as follows, renumbering 
the subsequent sections accordingly: 


7. The directions and turns per inch of twist 
shall be mutually agreed upon by the manufac- 
turer and the purchaser. 


Section 7.—Change this section to 
read as follows by the addition of the 
italicized words and the omission of those 
in brackets, renumbering as Section 8: 


8. [When it is specified that test specimens 
shall be conditioned, it is understood to mean 
exposure for the specified time to an] All speci- 
mens shall be conditioned to moisture equilibrium 
in a standard atmosphere having a relative 
humidity of 65 per cent at 70 F. (21 C.). A 
tolerance of plus or minus 2 per cent is per- 
mitted in relative humidity and plus or minus 
2 F. (1.1 C.) in temperature. 

Note.—For purpose of tests, it is recognized 
that specimens reach moisture equilibrium after 
exposure for at least 4 hr., unless otherwise 
Specified, under the above conditions. 


New Section Under methods of test- 
ing, add a new Section 13 on determina- 
tion of twist to read as follows: 


13. Twist: (a) Direction of Twist.—The di- 
rection of twist shall be determined in accord- 
ance with Section 2 (e). 

(6) Turns in Single Yarn.—The turns per inch 
of twist in single yarn shall be determined on 
any standard single yarn twist tester. The first 
2 yd. of any package of yarn shall be discarded 
and all possible care shall be exercised in 
handling samples to prevent a change in the 
existing twist. The yarn, drawn just taut 
enough to prevent sagging, shall be gripped in 
the twist counter with clamps set 4 in. apart. 
One clamp shall be rotated until the twist is 


removed as indicated by the yarn breaking 
under its own weight or by visual examination 
of the sample. The twist of yarn in a shipment 
shall be the average of four tests from each of 
ten tubes or bobbins. 

(c) Turns in Plied Yarn.—The turns per inch 


of twist in plied yarn shall be determined as 


described in Paragraph (6) with the following 
exceptions: The clamps shall be set 10 in. apart 


and a tension equal to the weight of 100 yd. 


of yarn shall be applied. 


Standard Specifications and Methods 
of Test for Asbestos Tape for Electri- 
cal Purposes (D 315 - 37) :"! 


The committee recommends the fol- 
lowing tentative revision of this standard 
in order to provide for standard test 
conditions: 

New Section.—Under methods of test- 
ing, add a new Section 15 on test condi- 
tion to read as follows, renumbering the 
subsequent sections accordingly: 

15. All specimens shall be conditioned to 
moisture equilibrium in a standard atmosphere 
having a relative humidity of 65 per cent at 70 F. 
(21 C.). A tolerance of plus or minus 2 per 
cent is permitted in relative humidity and plus 
or minus 2 F. (1.1 C.) in temperature. 

Note.—For purpose of tests, it is recognized 
that samples reach moisture equilibrium after 


exposure for at least 4 hr., unless otherwise 
specified, under the above conditions. 


Standard Methods of Testing and Toler- 
ances for Cotton Sewing Threads 
(D 204 - 39): 

Section 5.—Change this section to read 
as follows by the addition of the italicized 
figure and the omission of that in 
brackets: 

5. The number of yards per package or per 
pound shall be not less than [96] 95 per cent of 
the number of yards per package or per pound 
specified. 

Standard Methods of Testing and Toler- 
ances for Tire Cord, Woven and on 
Cones (D 179 - 38): 

The following tentative revision of 
these methods is proposed in order to 
broaden the scope to include rayon cord 


11 1939 Book of A.S.T.M. Standards, Part III, p. 391. 
12 [bid.. p. 418. 13 [bid., p. 431. rs 
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and rayon cord fabrics, and to provide 
for a sampling procedure: 

Section 1.—Change to read as follows 
by the addition of the italicized words 
and the omission of the word in brackets: 


1. These methods of testing and tolerances 
apply to woven cotton cord fabric, woven rayon 
cord fabric, [and] cotton cord on cones, and 
rayon cord on cones, specifically designed for 
use in the manufacture of pneumatic tires. 


New Section.—Add a new Section 11 
on sampling procedure, renumbering the 
subsequent sections accordingly: 


11. Sampling.—A minimum of 25 yd. shall be 
drawn from the outside of the cone before taking 
the sample. The sample shall be so handled 
that there will be no change in twist from the 
time the sample is drawn until the test is started. 
In each determination only one observation 
shall be made on an individual end, whether in 
the form of woven cord fabric or cord on cones. 


ADOPTION OF TENTATIVE STANDARD 
AS STANDARD 


Tentative Methods of Testing Wool 
Felt (D 461 - 38 T):" 


Section 12.—Add a new Note 3 to 
this section to read as follows: 

Nore: Precautions.—Care should be taken 
to insure that all loose fibers are removed from 


the filter papers, beakers, and extraction thim- 
bles used during the analysis. 


ADOPTION AS STANDARD OF TENTATIVE 
REVISIONS OF STANDARDS 


Standard Specifications for Textile Test- 
ing Machines (D 76 - 39) :* 


The new Sections 9 and 10 on bursting 
testers published as tentative" for two 


years without criticism are now recom- 


mended for adoption as standard, re- 


---'4: 1939 Book fh A.S.T.M. Standards, Part III, p. 1044. 


17 [bid., > 1142. 


9. Attachment for Type A 
attachment for making the bursting test on a 
type A machine shall be of such design that 
the specimen shall be held securely by a ring- 
clamp mechanism of 1.750 + 0.001 in. in 
internal diameter, and that the center of the 
specimen shall be pressed against a polished 
steel ball 1.000 + 0.001 in. in diameter until a 
burst is produced. The direction of motion 
of the ring-clamp shall be at right angles to the 
initial plane of the specimen. The capacity of 
the machine shall conform to the requirements 
of Section 3 (0). 


Section 10.—Change the second sen- 
tence of Paragraph (c) from its present 
form to read as follows: 


The ring-clamp shall have a circular aperture 
1.200 + 0.001 in. in diameter. 


Standard Specifications and Methods 
of Test for Cotton Goods for Rubber 
and Pyroxylin Coating (D 334 - 34):' 


With the following modifications the 
committee recommends the adoption of 
the tentative revision” of this standard 
which has been published as tentative 
for two years: 

Section 5.—Change this section to 
read as follows by the addition of the 
italicized figures and the omission of 
those in brackets: 


5. As little sizing shall be used in the fabric 
as is necessary for its proper manufacture. 
Assuming an average content of natural oils 
and waxes indigent to the cotton of [3.2] 4.25 
per cent, the total percentage of sizing and 
natural oils and waxes shall not exceed that 
given below for each type of fabric: 


Sheetings............[ 8.5 ] 10.75 per cent 


{11 12.0 per cent 
[10.25] 12.0 per cent 
{ 8.15] 12.0 per cent 


Sizing Test—The committee recom- 
mends the adoption as standard of the 
test for sizing described in the proposed 
revised Section 15 with the omission of 
the words ‘Preferred Method” from the 
heading, and the withdrawal of the 
“alternate method” in the proposed 
revised Section 16. 


EI 
4 
q S 
y the 
< 
proc 
7 strer 
the 
met! 
vised as follows: 
oot Section 9.—Change this section from 
| its present form to read as follows 


EDITORIAL CHANGES IN STANDARDS 


Standard General Methods of Testing 
Woven Textile Fabrics (D 39 - 39): 


Sections 9 to 12.—In connection with 
the description in these sections of the 


Fic. 2.—Illustration of Grab Test. 


procedures for determining the breaking 
strength of fabrics add as Figs. 1 and 2 
the diagrams illustrating the proper 
method of placing the specimen in the 


18 1939 Book of A.S.T.M. Standards, Part III, p. 370. 
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clamps as shown in the accompanying © bas ee 
Figs. 2 and 3. 


ances for Cotton Sewing Threads 

(D 204 - 39) :! 

Section 10.—Change to read as follows | 
by the omission of the figure in brackets 
and the addition of the note: 

10. The breaking strength shall be deter- 


mined in accordance with Sections 7 and 8, 9] 
of Standard D 180. a 


Fic. 3.—Illustration of Strip Test. => 


K-- > 


Nore.—If facilities for testing under stand- 
ard conditions are not available, reference 
should be made to the method described in the 7 
Appendix to Standard D 180. 
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REPORT OF COMMITTEE D- 


NAVAL STORES 


A meeting of Committee D-17 on 


_ Naval Stores was held during theannual 
_ meeting of the Society in Atlantic City, 


N. J., on June 26, 1939, at which the 
program for the ensuing year was dis- 
cussed. 

Subcommittee I on Softening Point 
of Rosin (C. E. Kinney, chairman) has 
recommended that the Tentative 
Method of Test for Softening Point (Ball 
and Tapered Ring Apparatus) (E 28 - 
39 T) be further revised to permit the 
optional use of a shouldered ring for 
certain high melting resins, modified 


- rosins, and other products which so 


contract on cooling that they tend to slip 
part way out of the tapered ring. This 


- recommendation, together with a draw- 


ing of the proposed shouldered ring, has 
been transmitted to Technical Com- 


- mittee II on Consistency, Plasticity, 


and Related Properties of Committee 
E-1 on Methods of Testing for review 
and consideration. Action has not yet 
been taken by Committee E-1 on this 
recommendation. Further collaborative 
tests on the ball and tapered ring appa- 
ratus have been held up pending such 
action. 

The chairman of Subcommittee I is 
making an investigation of the suitability 
of the ball and ring method for plant 
control use. A summary of the final 
results showing a comparison of the 
tapered ring and shouldered ring is 


in Table 1. 


Subcommittee II on Crystallization 
(E. V. Romaine, chairman) has con- 
tinued its study of the low-temperature 
heat-treatment method for determining 
the crystallizing tendency of rosin. A 
change in the initial heat treatment was 
made. Six samples of rosin were sent to 
each of the members of the subcommittee 
for test by the modified method. To 
date only two of the collaborators have 
reported results. 

A proposal to recommend the adoption 
as standard of the Tentative Methods of 
Sampling and Grading Rosin (D 509- 
38 T) was submitted to letter ballot of 
Committee D-17 which consisted of 20 
members; 19 members returned their 
ballots, of whom 8 voted affirmatively, 
9 negatively, and 2 members marked 
their ballots “not voting.” It wil 
therefore be necessary for the committee 
to make a further study of the methods 
for the purpose of suitably revising 
them. 

On the recommendation of Subcom- 
mittee IV on Acid and Saponification 
Numbers and Unsaponifiable Matter 
(C. C. Zeigler, chairman), the Tentative 
Methods of Test for Saponification 
Number of Rosin (D 464 - 37 T), and 
Test for Acid Number of Rosin (D 465- 
37 T) are being continued as tentative 
since a modification of the methods is 
under consideration in order to provide 
for the testing of dark colored rosins. 
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LLABORATING LABORATORI 


TABLE I.-RESULTS OF SOFTENING POINT DETERMINATIONS REFEREE SAMPLES OF RESINS BY 


Limed 


Www 
| Wood Rosin 


Wood Rosin 


FF 
Wood Rosin 


Syn 


Resin 


thetic 


2 
| B: 
F.P. Veitch by W. C. Smith, Naval Stores Research Div., Bureau of Agric. Chemistry and Engr., U. S. Dept. of Agric. 
Individual determinations. ..... . 136.00 |137.00 79.00 |79.50 |73.00 73.00 '76.00 |76.00 |71.00 '71.00 [152.50 |153.25 
136.50 |137.00 |79.50 |79.50 |73.00 73.00 75.50 ,75.50 |71.00 71.00 |152.25 |153.00 
00 (136. 00 |79.00 |79.50 |73.00 00 |75.50 50 00 \71.00 153.50 |154.00 
Average. . 136. 00 50 00 |79.50 |73.00 73. 00 (75.50 hs. 50 Int. 00 |71.00 {152.75 |153.42 
Maximum deviation.............. 1.50 | 1.90 | 0.50 | 0.00 | 0.00 0.00 | 0.50 | 0.50 | 0.00 i 0.00 | 1.00 | 1. 
Maximum deviation from aver- 
ee 1.00 | 0.50 | 0.50 | 0.00 | 0.00 | 0. 0 | 0.50 | 0.50 | 0.00 | 0.00} 0.75 0.58 
deviation of shouldered | 
from tapered.................. +0.50 | +050 | 0.00 | 0.00 0.00 +0.67 


G. A. Hawkins, Southern Pine Chemical Co. 


Individual determinations....... 


1136.50 137.25 80.25 '80.75 '73.25 
136.50 137.50 80.25 80.50 73.25 
137.25 |137.75 80.00 80.25 |73.25 


80.17 '80.50 |73.25 


73.25 75.50 
73.50 75.75 
73.75 \75.75 


70.75 
70.75 


71.00 152.50 
}71.00 |152.50 


153.75 
152.50 


70.75 |71.25 |152.00 |153.00 


Average. . 73.50 75.67 75 -08 |152.33 (153.08 
Maximum deviation............. |. 0.75 | 0.50 | 0.25 | 0.50 | 0.00 | 0.50 | 0.25 0. 25 | 0.00 25 | 0.50| 1.25 
Maximum deviation from aver- | } 
age....... Sails Anica | 0.50 | 0.25 | 0.17 | 0.25 | 0.00 | 0.25 0.17 | 0.17 | 0.00 | 0.17 | 0.33 | 0.67 
Average deviation of shouldered 
from tapered.................. +0.75 | +0.42 | +0.25 | +0.16 +0.33 | +0.75 
R. J. Sobatzki, The Resinous Products and Chemical Co. 
Individual determinations. ...... 134.00 |135.00 '80.80 '81.00 74.00 |74.00 75.50 75.50 70.70 ,70.70 |154.00 |154.00 
1135.50 |136.00 |80.50 81.00 73.50 74.00 75.50 \75.50 70.70 |70.50 |154.00 |154.50 
154.50 |155.00 
Average. . |135.50 |80.70 (81.00 73. 80 14. 00 50 \75. 50 |70.70 |70.60 (154.20 |154.50 
Maximum deviation. . ; ..| 1.50] 1.00 | 0.30 | 0. 00 | 0.50 | 0.00 | 0.00 | 0.00 | 0.00 | 0.20 | 0.50} 1.00 
Maximum deviation from aver- | 
0.80 | 0.50 | 0.20 | 0.00 | 0.30 | 0.00 | 0.00 | 0.00 | 0.00 | 0.10 0.30 | 0.50 
Average deviation of shouldered | 


E. T. Marceau, Hecker Products Corp. 


135.90 |135.50 |80.90 iat. 00 4. 70 74. 80 |76.40 |76.60 | 
Maximum deviation............. 0.60 | 1.00 | 0.70 | 0.00 0.60 | 0.00 | 0.70 | 0.20 
— deviation fi from aver- 

0.30 | 0.50 | 0.40 | 0.00 | 0.30 | 0.00 | 0.40 | 0.10 


72.70 (152.00 
1.30 | 3.00 


0.80 


1.50 


Individual determinations. .... . .|134.50 !134.50 79.75 '80.00 '73.75 |73.50 75.50 '75.50 71.50 |73.25 |154.25 {155.00 
133.75 133.75 80.50 80.75 73.25 73.25 75.25 75.50 72.00 |72.25 153.25 |155.50 
134.75 |135.00 80.00 ,73.75 |74.25 50 75.75 (71. 00 (71.50 153.25 |154.50 
'134.30 134.40 00 30 |73.60 |73.70 40 |75.60 71. 50 |72.00 |153.60 {155.00 
Maximum deviation............. 1.00 i. ys 0.75 | 0.75 | 0.50 | 1.00 | 0.25 | 0.25 | 1.00 | 1.75 1.00 1.00 
Maximum deviation from aver- | 
| Se eee 0.55 0.65 | 0.50 | 0.45 | 0.35 | 0.55 | 0.15 | 0.15 | 0.50 | 1.25 | 0.65 0.50 
Average deviation of shouldered 
| +0.10 +0.30 | +0.10 +0.20 +0.50 +1.40 
W. A. Kirklin, Hercules Powder Co. 
‘ndividual determinations....... |136.20 1136.00 81.20 81.00 75.00 74.80 76.70 76.70 72.20 |72.50 150.50 ‘154. 00 
1135.60 |135.00 80.50 81.00 74.40 76.00 76.50 73.20 |72.20 152.00 154.00 
| [72.00 |73.50 153.00 


154.00 
0.00 


0.00 
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H. R. Woerner, Armstrong Cork Co. 


Individual determinations 


Average.. 
Maximum deviation. 
Maximum deviation from aver- 


Average deviation of shouldered 
from tapere 


136.00 135.00 


-/136.00 L135. 00 


0.50 
0.25 0. 
—1.00 


81.50 81.00 


(81.00 (80.90 
1.00 | 0.25 


0.50 | 0.15 
—0.10 


135.75 |134.50 |81.00 |81.00 |72.50 |73.00 
136.25 135.50 80.50 |80.75 |73.25 


72.78 
| 


72.90 72.90 
0.75 | 0.25 


0.40 | 0.15 
0.00 


74.75 
74.75 


3.00 |75.00 


74.80 (74.80 
0.25 | 0.50 


0.20 | 0.30 
0.00 


73.00 |72.50 |153.00 
72.50 |72.75 |153.00 
72.25 |71.75 |152.25 


72.60 |72.30 |152.80 
0.75 | 1.00 | 0.75 | 


0.40 | 0.45 | 0.55 | 
—0.30 +0.80 


R. C. Palmer, Newport Industries, Inc. 


Individual determinations 


Average.. 

Maximum deviation. 

Maximum deviation from aver- 
age 

Average deviation of shouldered 


135.00 136. 00 


| 


= }135.75 | 


0.50 
0.50 | 0.25 
+0.25 


75.00 |74.50 
75.00 75.50 


75.00 |75.00 
0.00 | 1.00 


0.00 0.50 


77.80 |77.80 
76.80 |77.00 


77.30 |77.40 
1.00 0.80 


| 
0.50 | 0.40 
+0.10 


\72.00 |72.00 {150.50 {152.50 
71.50 72.50 183.00 154.00 
71.75 |72.25 |151.75 (153.25 
0.50 | 0.50 | 2.50 | 1.50 
0.25 | 0.25 | 1.75 | 0.75 


+0.50 +1.50 


Maximum deviation. 
Maximum deviation from aver- 


Maximum deviation of shoul- 
dered from tapered 


"4 Average deviation of shouldered 
from tapered 


1.25 


1.00! 0.65 


+0.75 
—1.00 


+0.13 


0.40 | 0.55 


+0.25 
—0.00 


+0.10 


1.00 | 0.80 


| 
0.50 | 0.50 


+0.20 
—0.00 


+0.10 


1.20 | 1.75 | 3.00 | 


0.70 | 1.25 


+0.50 
—0.10 


1.50 


1.75 | 0.75 


+2.00 
—0.00 


40.16 | 41.06 


The present officers of the committee 


two years. 


_ were re-elected for the ensuing term of 


_ This report has been submitted to 
letter ballot of the committee which 
consists of 20 members; 17 members 
returned their ballots, all of whom have 


voted affirmatively. 


omy 


Respectfully submitted on behalf of 
the committee, 


C. F. Spen, 
Secretary. 


F. P. VEITCH, 
hairman. 
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SOILS FOR ENGINEERING PURPOSES 


Committee D-18 on Soils for Engineer- 
ing Purposes has held three meetings 
during the past year: in Atlantic City, 
N. J., on June 28, 1939, in Washington, 
D. C., on December 4, 1939, and in 
Detroit, Mich., on March 7, 1940. 


I. NEw TENTATIVE STANDARDS 


The committee recommends that the 
following methods of test be accepted 
for publication as tentative: 


Tentative Methods of Test for: 


Moisture-Density Relations of Soil-Cement 
Mixtures,! 

Wetting-and-Drying Test of Compacted 
Soil-Cement Mixtures,' 

Freezing-and-Thawing Test of Compacted 
Soil-Cement Mixtures,! and 

Water Absorption and Resistance to Plastic 
Flow of Soil and Emulsified Asphalt Mixtures.? 


II. REVISION OF TENTATIVE STANDARD 


The committee recommends that the 
Tentative Methods of Surveying and 
Sampling Soils for Highway Subgrades 
(D 420 — 35 T)* be revised as follows and 
continued as tentative: 

Section 2.—Change from its present 
form to read as follows: 


2. These methods cover procedures for the 
surveying and sampling, for identification and 
subgrade profile purposes, of soils for highway 
subgrades but do not include the examination 
of soils for their supporting value as foundation 


materials or stability in slopes. __ ; 


— 
1 These methods were accepted tentative by the 
ieaty and appear in the 1940 Supplement to Book of 
S.T.M. Stan code. Part II, pp. 294, 297, and 301, re- 
*The recommendation on this proposed tentative 
method by action of the Society at the annual meeting was 
referred to Committee E-10 on a for considera- 
tion, see Summary of Proceedings, p 
#1939 Book of A.S.T.M. IT, p. 1048. 


Norte.—Investigation of soils under struc- 
tures or fills for their supporting value and the 
stability of slopes in embankments or cuts 
should not be overlooked by the engineer and 
where necessary a thorough study of these 
factors should be made. This will require 
special procedures and equipment not covered 
in these methods. 


The recommendations appearing in 
this report have been submitted to letter 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


33 

Items => 

te | 

3 = 

I. New TENTATIVE STANDARDS 
Test for Moisture-Density Relations 

of Soil-Cement Mixtures?......... 32 6 7 
Wetting-and-Drying Test of Com- 

pacted Soil-Cement Mixtures®’.....| 30 5 10 
Freezing-and-Thawing Test of Com- 

pacted Soil-Cement Mixtures®..... 30 § 10 
Test for Water Absorption and Re- 
sistance to Plastic Flow of Mix- 
tures of Soil and Emulsified 

20 9 16 

II. Revision oF TENTATIVE 
STANDARD 

Methods of Surveying and Sampling 
Soils for Highway Subgrades 

44 0 1 


* The classified vote on the proposed Tentative Method 
of Test for Moisture-Density Relations of Soil-Cement a. 
Mixtures was as follows: Affirmative: 6 — * ae 
consumers, 10 general interests; negative: 1 producer, 3 
consumers, 2 general interests. 

b The classified vote on the Pro osed Tentative Method 
of Wetting-and- Test of Compacted Soil-Cement 
Mixtures was as follows: Affirmative: 7 producers, 15 con- 
sumers, : general interests; negative: 0 producers, 3 con- 
sumers, 2 general interests. 

© The classified vote on the proposed Tentative Method 
of Freezing-and-Thawing Test of Compacted Soil-Cement 
Mixtures was as follows: 7 producers, 15 consumers, 8 
general interests; negative: 0 producers, 3 consumers, 2 
interests. 

The classified vote on the proposed Tentative Method 
of Test for Water Absorption and Resistance to Plastic 
Flow of Soil and Emulsified Asphalt Mixtures was as fol- 
lows: Affirmative: 3 producers, 11 consumers, 6 general 
interests; negative: 3 producers, 4 consumers, 2 general 
interests. is recommendation by action of the Society 
at the annual meeting was referred to Committee E-10 on 
Standards for consideration, see Summary of Proceedings, 
p. 22. 
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ballot of the committee which consists 
of 70 members; 45 members returned 


their ballots, with the results shown in 
‘Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Nomenclature 
and Definitions (W. P. Kimball, chair- 
man) is making good progress in the 
_ preparation of a list of definitions. 
- Subcommittee II on Classification of 
Soils (E. Preece, chairman) will con- 
_ sider at the June meeting the desirability 
of sponsoring a symposium on classifica- 
tion, to be held at the annual meeting 
of the Society in 1941. 
Subcommittee III on Methods of 
Sampling Soils (R. R. Litehiser, chair- 
man) has recommended the revision of 
the Tentative Methods of Surveying and 
Sampling Soils for Highway Subgrades 
(D 420 - 35 T), referred to earlier in this 
report. 
Subcommittee IV on Methods of 
Testing the Physical Characteristics of 
Soils (C. A. Hogentogler, chairman) is 
_ studying the desirability of revising the 
- following methods which are under its 
jurisdiction: 


Standard Methods of: 


Preparing Soil Samples for Mechanical 
_ Analysis and Determination of Subgrade Soil 
Constants (D 421 — 39), 
Mechanical Analysis of Soils (D 422 — 39), 
Test for Liquid Limit of Soils (D 423 — 39), 
Test for Plastic Limit and Plasticity Index 
of Soils (D 424 — 39), 
Test for Centrifuge Moisture Equivalent of 
Soils (D 425 39), 
: Test for Field Moisture Equivalent of Soils 
(D 426 39), and 
Test for Shrinkage Factors of Soils (D 427 - 


Subcommittee V on Methods of Test- 
ing for Stabilized Soils (F. C. Lang, 
chairman) has proposed for publication 


as tentative the four methods of test 
mentioned earlier in this report. 
Subcommittee VI on Methods of 
Testing for Compressibility and Elas- 
ticity of Soils (D. M. Burmister, chair- 
man) has concentrated its attention 
during the year on the consolidation 
characteristics of soils. A program of 
research is being carried on to investi- 
gate those aspects of the consolidation 
test about which uncertainties exist, 
particularly to determine the influence 
of a number of important factors on the 
consistency and reliability of results 
obtained. It is hoped that these data 
will form the basis for recommendations 
as to test procedure and test apparatus. 
Subcommittee VII on Methods of 
Testing for Shearing Resistance of Soils 
(F. J. Converse, chairman) has been 
sponsoring a cooperative investigation 
on shear tests in which a number of 
laboratories are participating. 
Subcommittee VIII on Methods of 
Testing for Mechanical Stability of 
Soils (L. W. Hamilton, chairman) has 
been engaged in the development of 
stabilometer tests and equipment. 
Subcommittee IX on Methods of 
Testing for Bearing Capacity of Soils in 
Place (Load Tests) (W. S. Housel, chair- 
man) has held several meetings to discuss 
load tests. Further consideration is 
required before proposed standard pro- 
cedures can be logically formulated. 
Subcommittee X on Methods of Test- 
ing for Bearing Capacity of Piles (Load 
Tests) (A. E. Cummings, chairman) has 
gathered for study, data on the var- 
ious procedures now in use. 
Subcommittee XI on Methods of 
Testing Drainage Properties of Soils 
(Capillarity and Permeability) (W. J. 
Schlick, chairman) must await additional 
research results before undertaking con- 


structive work on its problem. = 
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The election of officers for the ensuing 
term of two years resulted in the selec- 
tion of the following: 

Chairman, C. A. Hogentogler. 
Vice-Chairman, W. S. Housel. 
Secretary, W. R. Nelson. 


This report has been submitted to 
letter ballot of the committee which 


ay 


mit 


tarpon $d 


On SOILS FOR ENGINEERING PURPOSES 


consists of 70 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf + 
the committee, 
H. F. CLEMMER, 
Chairman. 


W. R. NELSON, 


Secretar 
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WATER FOR INDUSTRIAL USES 
Committee D-19 on Water for Indus- Rice, chairman of the subcommittee, and 
trial Uses and its subcommittees held theproposed revisions of the paragraph in 
meetings on June 26 and 27,1939,during question have been published in Me- 
the annual meeting of the Society in chanical Engineering* under the title 
Atlantic City, N. J. “Addenda to Par. CA-5 of Boiler Con- 
A session on water was sponsored by _ struction Code.” 
the committee at the 1939 annual meet- The subject of hydrogen ion deter- 
ing, at which a group of five papers' were minations (pH) has been referred by the 
presented and discussed. The commit- Executive Committee of the Society to 
tee is sponsoring another session on Committee E-1 on Methods of Testing 
water at this annual meeting in theform with the recommendation that Commit- 
of a Symposium on Problems in the tee E-1 undertake the organization of a 
Classification of Natural Water Intended technical committee to study and de- 
for Industrial Use. It is believed the velop standard methods of determining 
information that will be made available hydrogen ion concentration in various 


by the papers and the discussion will materials and to act in an advisory ca- 
permit Subcommittee V on Classifica- pacity to the several standing commit- 
tion to proceed with the work included _ tees of the Society which might require 
in its scope. The following papers’ are information on the subject. 

in prospect: 


I. NEw TENTATIVE STANDARD 
“Reporting the Results of Water Analysis,” 
by Robert C. Adams. The committee recommends that the 


“A Review of Data on the Relationship of proposed Tentative Method of Report- 
Corrosivity of Water to Its Chemical Analysis,” jing Results of Analysis of Industrial 
by V. 'V. Kendall. Waters® be accepted for publication as 

Measuring the Scale-Forming and Cor- 
rosive Tendencies of Water by Short-Time tentative. This method has been de- 
Tests,” by Everett P. Partridge and G. B. Hatch. veloped by Subcommittee V on Classi- 
“A Method of Measuring Corrosiveness,” by fication and has been under considera- 


J. H. Walker. tion since 1937. 


The Society has been represented by 
Max Hecht and E. P. Partridge at two 
meetings of the Feedwater Subcommittee ; 
of the A.S.M.E. Boiler Code Committee. Constructive comments have been re- 
The subcommittee has been considering ceived for the improvement of os 
revisions of Paragraph CA-5 of the Boiler of the D-19 methods for analysis 0 
Construction Code? A report by C. W. industrial waters, since their publication 
—— as tentative in 1938. The revisions, 

1 Proceedings, Am. Soc. Testing Mats., Vol. 39, pp. 


1191, 1221, 1233, 1242 (1939). 4 Mechanical Engineering, March, 1940, 249-252. 
See pp. 1307, 1317, 1329, 1342. 5 This method was accepted as tentative by the Society 
: ASME. Boiler’ Construction Code, Combined nd appears in the 1940 Supplement to Book fa A.S.T.M. 
Edition, Sections I to VIII, p. 442 (1935). es Standards, Part III, p. 541. 


II. Revisions oF TENTATIVE 
STANDARDS 
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affecting both form and substance, are 
intended to make the methods generally 
acceptable. The committee accordingly 
recommends that the following tentative 
methods be revised, as given in detail in 
the Appendix to this report, and con- 


Tentative Methods for: 

Sampling Plant or Confined Waters for In- 
dustrial Uses (D 510 — 38 T), 

Determination of the Calcium Ion and Mag- 
nesium Ion in Industrial Waters (D 511 — 38 T), 

Determination of the Chloride Ion in In- 
dustrial Waters (D 512 — 38 T), 

Determination of the Total Orthophosphate 
and Calculation of the Respective Orthophos- 
phate Ions in Industrial Waters (D 515 — 38 T), 
and 

Determination of the Sulfate Ion in Indus- 
trial Waters (D 516 — 38 T), completely revised 
as appended hereto.*® 


Ill. TENTATIVE STANDARDS CONTINUED 
AS TENTATIVE 


The committee recommends that the 
methods listed below be continued as 
tentative without revision. No com- 
ments have been received concerning 
them since their publication as tentative 
in 1938. However, the committee in- 
tends to amplify the methods by the 
addition of field or rapid control pro- 
cedures, following which it is expected 
that they will be recommended for adop- 
tion as standard: 


Tentative Methods for: 


Determination of Total Carbon Dioxide 
and Calculation of the Carbonate and Bicar- 
bonate Ions in Industrial Waters (D 513 — 38 T), 
and 

Determination of the Hydroxide Ion in 
Industrial Waters (D 514 - 38 T). 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 62 members; 49 members returned 
their ballots, with the results shown in 
Table I. 


6 This revised method was accepted as tentative by the 
iety and appears in the 1940 Supplement to Book of 
A.S.T.M. Standards, Part III, p. 539. 


ACTIVITIES OF 


Subcommittee II, Editorial (E. P. Par- 
tridge, chairman).—No meeting of this 
subcommittee was held during the year. 


However, the function of the subcom- 
_ mittee is to assist in preparing commit- 
tee material for publication with respect | 


to form rather than to substance. It 
thus operates parallel to and in coopera- 
tion with those subcommittees engaged 
in the formulation of standards. The 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affirm- 


1 Neg- 
ative 


Ttems ative | “Not 


I. NEw TENTATIVE STANDARD 


Method of Reporting Results 
of Analysis of Industrial 


II. Revisions OF TENTATIVE 
STANDARDS 


Sampling Plant or Confined 
Waters for Industrial Uses 

Determination of the Calcium 
Ion and Magnesium Ion in 
Industrial Waters (D 511 - 
47 1 

Determination of the Chloride 
Ion in Industrial Waters 
(D 512- 38 T).. 47 0 

Determination of the Total 
Orthophosphate and Calcu- 
lation of the Respective 


Orthophosphate Ions in 
Industrial Waters (D 515 - 
47 0 


Determination of the Sulfate 
Ion in Industrial Waters 


items comprising the activities of this 
subcommittee during the past year are 
briefly discussed in the following several 
paragraphs. 

A draft of the Benzidine Method for 
the Determination of Sulfate Ion, origi- 
nally made available to Committee D-19 
through the courtesy of the Joint Re- 
search Committee on Boiler Feedwater 
Studies, was edited with respect to form, 
and referred to Subcommittee IV, for 
criticism as to content. 

Proposed revisions prepared by Sub- 
committee III for the tentative methods 
of sampling industrial waters and ad 
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Subcommittee IV for the four tentative 
methods of analysis of industrial waters 
were approved as to form. 

The proposed Tentative Method of 
Reporting Results of Analysis of Indus- 
trial Waters,® developed by Subcommit- 
tee V, was reviewed and approved with 
respect to form. 

Subcommittee III on Methods of Sam- 
pling (M. A. Krimmel, chairman).—One 
meeting of the subcommittee was held 
during the year. Considerable atten- 
tion has been given to revisions in the 
methods of sampling (D 510 —- 38 T), and 
as a result, several important changes are 
being proposed as given in the Appendix. 

The study of the present methods has 
revealed the necessity of cooperating 
with Subcommittee IV on certain items, 
particularly with reference to the prepa- 
rationof samples. Methodsof treatment 
for samples will be developed jointly by 
Subcommittees III and IV, attention to 
be given to samples which it is necessary 
to treat when they are taken or shortly 
thereafter so that the methods of analy- 
sis will not be adversely affected. 

The importance of having suitable 
containers for samples and of resistant 
materials for coils for cooling hot samples 
and condensing steam in order to elimi- 
nate contamination of the samples has 
come to the fore. A special subcommit- 
tee is investigating materials for contain- 
ers and cooling coils with the object of 
eventually being able to specify the most 
suitable materials for various conditions. 

Sampling methods will be developed 
according to the following outline, based 
on discussions at meetings and comments 
made in correspondence: 


Part IV-A. Water at atmospheric pressure: 


. Wells and large bodies of water. 
2. Pipe lines and conduits. 


. Tanks and vats. ty 


. Spray ponds and towers. 
. Gravity filters. Shi. 


. Water softeners. 


Part IV-B. Water at superatmospheric 


pressure: 
1. Pipesandpumps. 
2. Fired vessels. 


3. Unfired vessels. 


Part IV-C. Water at 
pressures: 


subatmospheric 


. Pipes and pumps. 

. Steam condensers and heat exchangers. 
. Vacuum deaerators. 
. Vacuum evaporators. . 
. Vacuum stills. 
Part V. Water in vapor state (steam). 
Part VI. 


Part VII. 


Water in solid state (ice). 


Waste water. 


Each of the sections listed above will 
be developed by a special subgroup of 
Subcommittee III. Literature in the 
fields covered by the outline is being re- 
viewed by some of the members and 
their observations will be reported and 
used in the development of the methods. 

Subcommittee IV on Methods of Analy- 
sis (H. C. Miller, chairman).—This sub- ° 
committee held one meeting during the 
year. It is recommending that four 
tentative methods of analysis of indus- 
trial waters be revised and continued as 
tentative, as mentioned earlier in this 
report. 

During the current year work on ad- 
ditional methods of analysis has been 
carried forward and a preliminary draft 
of a method for the determination of 
silica has been distributed to subcom- 
mittee members for criticism. Methods 
for the determination of iron, aluminum, 
manganese, and hardness are in prepara- 
tion and will soon be available for con- 
sideration. 

Subcommittee IV has had the active 
cooperation of Subcommittee ITI in pre- 
paring preliminary drafts of the referee 
and field methods for the determination 
of dissolved oxygen, particularly those 
sections dealing with sampling, and these 
will soon be available. Material is now 
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being collected for the preparation of 
routine methods for sulfates, calcium, 
magnesium, phosphates, and sulfites. 

A canvass of the members for data on 
additional methods not so far considered 
by the subcommittee indicates that ma- 
terial will shortly be available for the 
preparation of methods for the deter- 
mination of dissolved solids by evapora- 
tion and conductivity, the routine de- 
termination of organic matter, and both 
referee and rapid procedures for sus- 
pended matter, sodium, and ammonium. 

Subcommittee V on Classification (R. 
C. Adams, chairman).—This subcom- 
mittee held one meeting during the year. 
After two complete revisions agreement 
has been reached by the Subcommittee 
on a proposed Tentative Method of Re- 
porting Results of Water Analysis,5 
which is being recommended for publi- 
cation as tentative. This report is the 
result of the Round-Table Discussion on 
Interpretations of Water Analyses from 
Analytical Data held in New York City 
in 1937, at which time action was taken 
to organize a subcommittee on classifica- 
tion, and to initiate work on a standard 
method of reporting a water analysis. 

The subcommittee chairman has co- 
operated with the members of the Ad- 


ite 


On WATER FOR INDUSTRIAL Uses 


visory Committee of Committe D-19 in 
arranging the symposium which is to be 
held at the 1940 annual meeting of the 
Society, mentioned earlier in this report. 
The paper to be presented by the sub- 
committee chairman at the symposium 
is intended to focus the attention of 
engineers as well as chemists who deal 
in water problems on the desirability and 
necessity of including all potential data 
in the report of the analysis, and to 
provide a convenient and simple pro- | 
cedure for reporting the results. 


The election of officers resulted in the | 
continuance in office of the present in- — 
cumbents for the ensuing term of two 
years. 


This report has been submitted to let- 
ter ballot of the committee which con- — 
sists of 62 members; 49 members re- — 
turned their ballots, of whom 44 have _ 
voted affirmatively and 2 negatively. _ 


Respectfully submitted on behalf > 
the committee, 
Max HEcurt, 
Chairman. 
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PROPOSED REVISIONS IN STANDARDS FOR INDUSTRIAL WATERS 


& In this Appendix are given proposed 
‘revisions in certain tentative methods 
of analysis of industrial waters which 
are referred to earlier in this report. 
In connection with each title is given 
the reference to the publication in which 
the method appears in its present form. 


_ Tentative Methods of Sampling Plant 
or Confined Waters for Industrial 
‘Uses (D 510 38 T):! 


Table I.—Under Physical Tests, omit 

the word ‘‘Total” from the requirement 

_ for “Total dissolved solids,” and change 
the requirement for volume in milliliters 


- from ‘50 to 1000” to read ‘‘100 to 500.” 
_ Under Chemical Tests, change the sub- 
heading “Metallic Ions” to read ‘‘Metal- 


f the sample for color and odor tests 


lic Ions (Cations);” also, change the 
subheading “Nonmetallic Tons” to read 
“Nonmetallic Ions (Anions).’’ Follow- 

ing the table, add a footnote ‘‘a”’ refer- 
ring to the volume of sample, to read as 
follows: 


Volume specified in this table should be 
- considered as a guide for the approximate 
(usually maximum) quantity of sample neces- 
_ sary for the particular analysis. The exact 
- quantity used should be consistent with the 
-volume prescribed in the standard method of 
analysis, whenever the volume is specified. 


_ Section 8 (b).—Insert the following 
paragraph at the beginning of the note: 
Since new corks are frequently bleached with 
‘ _ oxalic acid, it is advisable to rinse them thor- 
_ oughly with the water sampled. 


11939 Book of A.S.T.M. Standards, Part III, p. 1096. 


Insert the following paragraph just 
preceding the present last paragraph 
of the note: 


In case glass introduces contaminants 
into solution, a suitable container may be used, 
but both container and closure shall be of the 
same material. 


Section 13.—Add the following as 
Note 1, renumbering the present note 
as Note 2: 


Note 1.—Cooling to as near 70 F. (21 C.) 
as possible is particularly desirable when the 
oxygen content of the sample is to be deter- 
mined, since the sensitivity of the starch indi- 
cator solution decreases with increase in tem- 
perature. 


Add the following paragraphs to the 
present note: 


Since in this procedure the coil is under the 
pressure existing in the apparatus, it is necessary 
that the coil be built to stand the required 
pressure with a reasonable margin of safety. 

Samples should be cooled by water under 
less pressure than the water being sam- 
pled, or the cooling coil should be designed 
with a continuous through coil for the sampled 
water. The cooling water jacket should be 
sealed against the sample water tube by packing 
glands rather than direct connections. The 
bore of the tube should be as small as possible, 
to allow a minimum hold-up of sample and a 
maximum of surface for cooling. 


Section 15 (b).—Change to read as 
follows by omission of the words in 
brackets: 


(b) Stoppers [,whether corks or glass,] shall be 
wired, tied, or taped down to prevent leakage in 
transit. 
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Tentative Method for Determination 
of the Calcium Ion and Magnesium 
Ion in Industrial Waters (D 511 - 
38 T):? 


Section 1.—Change the last sentence 
to read as follows by the addition of the 
italicized word: 


Directions for the preliminary removal of 
silica, phosphates, iron, and aluminum are 
given, together with special directions for the 
removal of manganese, when necessary. 


Section 3 (e).—Change to read as 
follows by the addition of the italicized 
material and the omission of that in 
brackets: 


(e) Diluted Ammonium Hydroxide [(1:10)] 
(1:20).—Prepare a diluted solution of NH,OH 
by adding one volume of reagent grade NH,OH 
(sp. gr. 0.90) to [ten] twenty volumes of distilled 
water. 


Delete the description of the diluted 
ammonium hydroxide solution (1:50) 
in Section 3 (f), relettering the subse- 
quent paragraphs accordingly. 


To conform with the revisions in 
Section 3, recommended above, change 
Sections 6 (d), 7 (c), 10 (c), and 11 (6) 
to provide for the use of NH,OH (1:20) 
only. 


Section 4.—Change from its present 
form to read as follows: 


4. The volume of water sample used for the 
determination of calcium and magnesium shall 
preferably contain 10 to 100 mg. of calcium. 


Section 5 (a).—Change from its pres- 
ent form: namely, 
5. Removal of Silica—The measured 


volume of the water shall be acidified by adding 
1 to 2 ml. of HCl (sp. gr. 1.19), and shall then be 


evaporated todryness. 
® *@ Des 
toread as follows: 


5. (a) The sample shall be acidified with 
HCl (sp. gr. 1.19), adding 2 ml. in excess, and 
then shall be evaporated to dryness. 


*1939 Book of A.S.T.M. Standards, Part III, p. 1101. 


2 
Retain the note following this para- 
graph in its present form. f 


Section 6.—Change the title of Para- 
graph (a) to read as follows by the 
addition of the italicized word: “Re- 
moval of Phosphates, Iron, Aluminum, 
and Manganese.” Add a new Para-- 
graph (c) to read as follows, relettering 
the subsequent paragraphs accordingly: 


(c) Removal of Phosphates——Ii phosphates — 
are shown by preliminary test to be present, : 


sufficient iron in the form of a soluble ferric salt 
of reagent grade (preferably chloride) shall be % 
added to the combined filtrate and washings ~ 
from Section 5 (c) to give a sufficient excess to ° 
produce a red-brown precipitate, after which the 
procedure described in Paragraph (d) or (e) shall 
be followed. 


Reletter Paragraph (c) as (d) and 
change the first sentence to read as 
follows by addition of the italicized 
material: 


The combined filtrate and washings procured 
under Section 5 (c) or Paragraph (c) of this 
section shall be heated to boiling and a few drops 
of HNOs (sp. gr. 1.42) shall be added. 


Section 10.—Insert the following note 
after Paragraph (a): 


Note.—Diammonium hydrogen orthophos- 
phate may be used as a precipitant in place of © 
sodium ammonium hydrogen orthophosphate, 
if preferred. 


Section 11 (c).—Change from ie 
form: 


to constant weight. 


its 338 


(c) The filter paper and contents shall be 
placed in a weighed crucible and thoroughly _ 
dried, after which the paper shall be slowly 
charred and consumed without inflaming. The 
residue shall then be ignited to constant weight. 

Note.—Unless ignition of paper and precipi-— 
tate is done slowly and at a low temperature 
until carbon is consumed, the carbon becomes 
partially “fireproofed” and cannot be burned 
out. 


to read as follows: 
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Tentative Method for Determination 
of the Chloride Ion in Industrial 
Waters (D 512 38 T)? 


Section 3.—Delete Paragraph (d), 


relettering Paragraph (e) as (d). 


Section 5.—Change from its present 


J form to read as follows: 


5. Removal of Turbidity or Coior—If the 
turbidity or color, or both, of the sample is so 
great as to obscure or render uncertain the 
potassium chromate indicator end point, acidify 
the 50-ml. sample by adding 5 ml. of reagent 
grade 3 N H,SOQ,. Heat to boiling and filter, 
neutralize with reagent grade 5 N NaOH to 
phenolphthalein end point, and then just 
destroy the pink color with reagent grade 0.1 V 
H,SO,. 


Section 7.—Change Paragraph (b) 


- from its present form: namely, 


(b) Each of the two portions shall be sepa- 


rately adjusted to a pH of 9.0 + 0.2, using 


solutions of reagent grade H,SO, or NazCOs; 


of suitable concentration as required. The 
pH may be measured either colorimetrically 


_ with a comparator or electrometrically with an 
apparatus which does not include a salt bridge. 


to read as follows: 


#1939 Book of A.S.T.M. Standards, Part III, p. 1105. 


(b) Each of the two portions shall be sepa- 
rately adjusted to a pH of 8.3 + 0.5 using 
solutions of reagent grade H,SO, or NaOH of 
suitable concentration, as required. 


Note.—Sufficiently accurate adjustment of 
the required pH may be obtained by making 
the solution just alkaline to phenolphthalein 
by adding reagent grade NaOH and then just 
destroying the pink color with reagent grade 


H2SO,. 


Tentative Method for Determination 
of the Total Orthophosphate and 
Calculation of the Respective Ortho- 
phosphate Ions in Industrial Waters 
(D 515 38 T):* 


Section 4.—Add the following as new 
Paragraph (a), relettering the subse- 
quent paragraphs accordingly: 


(a) To a quantity of the sample greater than 
required in the determination, a quantity of 
phosphate-free reagent grade KNO; sufiicient 
to give approximately a 4 per cent solution shall 
be added. The solution shall be heated to 
boiling, and shall then be removed from the 
source of heat and allowed to stand for a few 
minutes in order to settle the coagulated ma- 
terial. The solution shall then be filtered. 


41939 Book of A.S.T.M. Standards, Part III, p. 1113. 
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REPORT OF COMMITTEE D-20° 


PLASTICS 


Sandia 


Since the June, 1939, meeting in 
Atlantic City, N. J., Committee D-20 
on Plastics and its subcommittees have 
held two meetings: one in New York, 
N. Y., in October, 1939, and one in 
Washington, D. C., in February, 1940. 
The committee expects to hold a further 
meeting in Atlantic City during this 
annual meeting. 

L. M. Currie has resigned as chairman 
of Subcommittee III and W. A. Zinzow 
has been appointed in his place; H. W. 


Paine has resigned as chairman of Sub-- 


committee IV and W. F. Bartoe has 
succeeded him. 

The following officers were unani- 
mously elected at the February meeting 
to serve from June, 1940, to June, 1942: 

Chairman, W. E. Emley. 

First Vice-Chairman, Bjorn Andersen. 

Second Vice-Chairman, L. M. Currie. 

Secretary, W. A. Evans. 

Committee D-20 now has a member- 
ship of 62 voting members, representing 
an increase of 4 voting members. 


New TENTATIVE STANDARDS 


The committee recommends that the 
following three methods of test be 
accepted for publication as tentative: 


Tentative Methods of: Cb 


Test for Flammability of Plastics, 

Measuring Flow Temperatures of Thermo- 
plastic Molding Materials, and 

Test for Water Absorption of Plastics. 


1 These methods were accepted as tentative by the 
Society and Ss sopees in the 1940 Supplement to Book of 
AST.M. Standards, Part III, pp. 284, 286, and 292, re- 


WANE 


These recommendations have been 
submitted to letter ballot of the com- 
mittee which consisted of 58 voting 
members, with the results shown in 
Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


rm- eg- |Mar 
Items ative | ative | “Not 
Voting” 


New TENTATIVE STANDARDS 
Test for Flammability of 
32 0 18 
of Thermoplastic Molding 


Test for Water Absorption of 
| 36 0 13 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Strength Prop- 
erties (M. H. Bigelow, chairman) is — 
studying the technique and the methods _ 
of compression, tension, and impact | 
testing of plastics. Particular study is 
being made of the tension specimen for — 
thermoplastics. 

Subcommittee II on Hardness Prop- 


way a series of tests using a proposed - ; 
deformation under load method. _Con- 7 


study of mar, scratch, wear, and abrasion 
resistance. 

Subcommittee III on Thermal Prop-— 
erties (W. A. Zinzow, chairman) is | 
giving its attention to studies of heat — 
and fire resistance, and flow and molding © 
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characteristics. A method designed to 
determine the facility with which plastic 
materials in thin sheet or film form will 
burn has been developed because of the 
many disagreements as to the rapidity 
with which such burning takes place. 
If the tendency of a plastic to burn is 
measured in exactly the same way by 
all parties at interest, the present dis- 
agreements on this point will disappear. 
The new method, presented for publica- 
tion as tentative as mentioned earlier 
in this report, is limited to thin films not 
more than 0.05 in. in thickness. 

The method for measuring flow tem- 
peratures of thermoplastic molding ma- 
terials was developed in order that the 
seller and the purchaser of molding 
powders would have some means of de- 
termining this important property. The 
method will also be found of use to the 
purchaser of such molding powders to 
enable him properly to control the 
molding process. The method, pre- 
sented to the Society for publication as 
tentative as mentioned earlier in this 
report, has been developed from studies 
reported in a paper on “Measurement 
of the Flow Temperature of Thermo- 
plastic Molding Materials,” by L. W. A. 
Meyer.” 

Subcommittee IV on Optical Prop- 
erties (W. F. Bartoe, chairman) is 
studying the following optical char- 


2 Published in ASTM No. 105, August 
1940, p. 23. 


acteristics: haze, reflection factors, polar- 
ization, surface irregularities, and surface 
brightness. A test method for measur- 
ing surface irregularities of transparent 
organic plastics is in preparation. 
Subcommittee V on Permanence Prop- 
erties (G. M. Kline, chairman) is 
carrying on studies of the resistance of 
plastics to heat, light, and moisture, and 
the effect on other characteristics. Co- 
operative work with Committee D-9 on 
Electrical Insulating Materials has re- 
sulted in the development of a generally 
applicable Method of Test for Water 
Absorption of Plastics, which is being 
presented for publication as tentative, 
as mentioned earlier in this report. 
Studies forming a basis for the develop- 
ment of this method are described in a 
paper by G. M. Kline, A. R. Martin, 
and W. A. Grouse, ‘Sorption of Water 


by Plastics.’ 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 62 voting members; 50 members 
returned their ballots, of whom 48 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
W. E. EMLey, 
Chairman. 


Subsequent to the annual meeting Committee D-20 presented to the Society 

— oo, Committee E-10 on Standards a revision of the Tentative Methods of 
ie for Index of Refraction of Transparent Organic Plastics (D 542 — 39 T). 

~The tentative methods in their revised form appear in the 1940 Supplement to 


of A.S.T.M. Standards, Part III, p. 289. 
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METHODS OF TESTING 


Increasing interest in the work of this 
administrative Committee on Methods 
of Testing on the part of the standing 
committees of the Society has been evi- 
denced by the requests received during 
the past year which have resulted in 
several new projects being undertaken 
by the committee. 

These subjects as well as the ac- 
tivities of the committee during the year 
are briefly summarized in this annual 
report. 

A meeting of the Advisory Committee 
was held in Philadelphia, Pa., on May 
28, 1940, and meetings of several of the 
technical committees and sections were 
held in Detroit, Mich., in March, 1940, 
in connection with the spring group 
meetings of the Society. A number of 
the technical committees and sections 
are also holding meetings during this 
annual meeting. 

The Executive Committee of the 
Society appointed three representatives- 
at-large to serve on the Advisory Com- 
mittee, namely, L. H. Fry, Edgewater 
Steel Co., D. E. Parsons, National 
Bureau of Standards, and T. Smith 
Taylor, Newark College of Engineering, 
each for a three-year term, expiring in 
1942. 

Subsequent to the 1939 annual meet- 
ing, Committee E-1 presented to the 
Society through Committee E-10 on 
Standards a tentative revision of the 
Standard Methods of Rockwell Hardness 
Testing of Metallic Materials (E 18 - 
36), in the form of a new Tentative 
Method of Test for Rockwell Superficial 
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Hardness of Metallic Materials (E 18 - 
39 T). This tentative revision was ac- 
cepted! by Committee E-10 on October 
23, 1939, and appears in the 1939 Book 
of A.S.T.M. Standards, Part I. 

Accelerated Weathering Tests.—A con- 
ference of representatives of the stand- 
ing committees interested in the subject 
of accelerated weathering tests was held 
under the auspices of Committee E-1 
at the 1939 annual meeting of the 
Society with E. F. Hickson serving as 
chairman. Representatives of the fol- 
lowing committees presented their views 
on the subject: D-1 on Paint, D-4 on 
Road and Paving Materials, D-8 on 
Bituminous Waterproofing and Roofing 
Materials, D-9 on Electrical Insulating 
Materials, D-13 on Textile Materials, 
and D-20 on Plastics. This was fol- 
lowed by an interesting general discus- 
sion of accelerated weathering tests by 
members of a number of Society com- 
mittees and others present, the attend- 
ance being approximately 100. The 
conference resulted in the recommenda- 
tion that a correlating committee on this 
subject be formed to provide a means of 
contact and coordination of the work 
of committees of the Society dealing 
with studies of accelerated weathering 
tests. This recommendation was con- 
sidered by the E-1 Advisory Committee 
at its May meeting and received the 
approval of that committee. 


1In submitting this recommendation to Committee 
E-10 on Standards, Committee E-1 reported results of the 
letter ballot vote as follows: Of a total membership of 52 
45 members returned their ballots, of whom 31 voted 
affirmatively, A negatively, and 14 marked their ballots 
“not voting.” 
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In considering the organization of this 
work it was recognized that the neces- 
sary machinery for coordinating the 
efforts of the standing committees in 


REPORT OF COMMITTEE E-1 


the present Standard Methods of Tension 
Testing of Metallic Materials (E 8 — 36), and 

Tentative Recommended Practices for Desig- 
nation of Numerical Requirements in Stand- 
ards.? 


the accelerated weathering field might 


well be provided for within the existing 


aa. 
structure of Technical Committee X on 


Conditioning. The membership of this 
technical committee includes represent- 
atives of the standing committees in- 
terested in this class of endeavor, and 
such additions to the personnel as may 
be necessary can be readily made. The 
Advisory Committee gave favorable 
consideration to this means of initiating 
the work and has recommended that 
Technical Committee X form a Section 
on Accelerated Weathering Tests for 
the coordination of activities in this 
field. 

Hydrogen Ion Determinations.—Dur- 
ing the year there was referred to Com- 
mittee E-1 by the Executive Committee 
of the Society a recommendation that 
Committee E-1 undertake the organiza- 
tion of a technical committee on the sub- 
ject of hydrogen ion determinations, 
having for its purpose the study of 
standard methods of determining hydro- 
gen ion concentration in various mate- 
rials and acting in an advisory capacity 
to the several standing committees of 

_ the Society that might require informa- 
tion on the subject. 

The recommendation of the Executive 
Committee was considered favorably 
by the Advisory Committee and the 
organization of a new Technical Com- 
mittee on Hydrogen Ion Determinations 
was authorized. 


I. NEw TENTATIVE STANDARDS 


The committee recommends that the 
following be accepted for publication 
as tentative: 


Tentative Methods of Tension Testing of 


Metallic Materials? to replace immediately 
x These methods were accepted as tentative by the 
in the 1940 Supplement to Book of 
. Standards, Part I, p. 453. 


II. REvISsIONS OF TENTATIVE 
STANDARDS 


The committee recommends that the 
following tentative standards be revised 
and continued as tentative: 


Tentative Definitions of Terms Relating to 
Rheological Properties of Matter (E 24 
37 T), revised as appended hereto,‘ and 

Tentative Specifications for A.S.T.M. Ther- 
mometers (E1-39T), by the addition of 
requirements for the turpentine distillation 
thermometer,’ which comprise a revision of 
the specifications for thermometer E 1 (27 C- 
39) in Standard E 1 — 39.6 


The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee which con- 
sists of 52 members; 48 members re- 
turned their ballots, with the results 
shown in Table I. 


I. New TENTATIVE STANDARDS 


Tension Testing of Metallic 
Materials (E 8 - 40 T), to re- 
immediately Standard 

ethods E 8 - 36 

Recommended Practices for 
Designation of Numerical 
Requirements in Standards. . 


II. REvistons or TENTATIVE 
STANDARDS 


Definitions of Terms Relating 
to Rheological Properties of 
Matter (E 24 - 37 

Spec. for A.S.T.M. Thermom- 
eters (E1-39T), revision 
of turpentine distillation 
thermometer E 1 (27 C —- 39).| 30 0 


3 These recommended practices were accepted as tenta- 
tive by the Society and appear in the 1940 Supplement to 
Book of A.S.T.M. Standards, Part I, p. 464; Part II, p. 
325; Part III, p. 549. : 

4 These definitions were accepted as tentative by the 


iety and appear in the 1940 Supplement to Book of 


A.S.T.M. Standards, Part I, p. 472; Part II, p. 333; Part 
p. 557. 

5 The revision was accepted by the Society and has been 
incorporated in the specifications which appear in the 1940 
Supplement to Book of A.S.T.M. Standards, Part II, p. 
321; Part III, p. 545. 

6 1939 Book of A.S.T.M. Standards, Parts II and II. 
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ACTIVITIES OF TECHNICAL COMMITTEES 


Technical Commitiee I on Mechanical 
Testing (H. F. Moore, chairman): 


The work of this committee is best 
described by brief summaries of the 
work of its sections. 

Section on Tension Testing (R. L. 
Templin, chairman).—During the year 
the section has continued work on the 
revision of the Standard Methods of 
Tension Testing of Metallic Materials 
(E 8-36). An extensive revision has 
been prepared, and has received ap- 
proval by letter ballot of this section 
as well as of Technical Committee I. 
It is accordingly recommended that the 
revised methods be accepted for publi- 
cation as tentative? to replace im- 
mediately the present Standard Methods 
E 8 - 36. 

The section held a meeting in De- 
troit, Mich., on March 6, 1940, at which 
the effect of speed of testing in tension 
tests, the “proof stress” required in 
certain U. S. Government specifications, 
and other matters of import to the 
section were discussed. 

This section cooperated through its 
chairman in arranging for the Sympo- 
sium on Significance of the Tension Test 
of Metals in Relation to Design’ to be 
held at this annual meeting. 

Section on Compression Testing (M. 
F, Sayre, chairman).—This section held 
a meeting in Atlantic City, N. J., June 
27, 1939, at which the question was 
reopened of revising the Tentative 
Methods of Compression Testing of 
Metallic Materials (E9-33T). Con- 
sideration was given to compression 
tests under the following four divisions: 
(1) tests of brittle materials for ultimate 
strength, (2) tests of ductile materials 
for yield strength, (3) tests of thin 
sheet, ductile and brittle, by the pack 
method, and (4) tests of bearing metals 
for behavior during plastic flow. This 


7 See pp. 501 to 609, inclusive. 


437 


study has been continued during ab 
year and a revision of Tentative Meth- 
ods E 9-33 T is in preparation. 

Section on Bend Tests for Ductility 
(A. B. Kinzel, chairman).—In view of 
the fact that the immediate work of this 
section was completed last year by the 
adoption as standard of the Method 
of Bend Testing for Ductility of Metals 
(E 16-39), the section has recom- 
mended that it be discharged. This 
recommendation was approved by the 
Advisory Committee at its May meet- 
ing. 

Section on Indentation Hardness Test- 
ing (J. R. Townsend, chairman).—The 
Tentative Method of Test for Rockwell 
Superficial Hardness of Metallic Mate- 
rials (E 18 — 39 T), which was accepted 
by the Society through Committee 
E-10 on Standards, as mentioned earlier 
in this report, was prepared under the 
auspices of this section. 

A special committee of this section 
has been appointed to work with the 
Subcommittee on Thermostat Metals of 
Committee B-4 on Electrical Heating, 
Electrical-Resistance and _ Electric- 
Furnace Alloys for the purpose of devel- 
oping hardness requirements for thermo- 
stat metals. The special committee will 
consist of the following: C. H. Davis of 
the American Brass Co., V. L. Lysaght 
of the Wilson Mechanical Instrument 
Co.,and A. Sonntag of Riehle Brothers 
Testing Machine Division of American 
Machine and Metals, Inc. 

Section on Testing Thin Sheet Metals 
(C. H. Marshall, chairman).—This sec- 
tion has recently taken up the study of 
test specimens for strip steel. The 
question has been raised whether pieces 
of narrow strip cut from a coil can be 
used as test specimens to give reliable 
tension test results without reducing the 
width over the middle portion of the 
length. 

_ Section on Impact Testing (W. W. 
Werring, chairman).—At the meeting 
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7 | 4 of this section held in Atlantic City, N 


dS. on June 27, 1939, a proposed re- 


vision of the Tentative Methods of 


_ Impact Testing of Metallic Materials 
23-34T) was discussed. This re- 
vision is still being studied and will be 
given detailed consideration by the sec- 
tion at its meeting during this annual 
meeting. 

Section on Effect of Speed of Testing 
(P. G. McVetty, chairman).—A meet- 
ing of this section was held in Detroit, 
Mich., on March 6, 1940, at which a 
preliminary report was presented on the 
investigation of the effect of speed of 
testing on the properties of metals, being 


conducted at the University of Illinois 
4 by Paul G, Jones and H. F. Moore. 


At this meeting also there was presented 
_ by Lawford H. Fry* a report of studies 
made under the auspices of Subcom- 
mittee XIII on Methods of Physical 
_ Tests of Committee A-1 on Steel. The 
two reports pointed toward similar 
conclusions, and gave ground for hope 
_ that a simpler method of study of speed 
effect might be developed on the basis 
of the two reports, and that feasible 
methods of specifying rates of strain in 
_ mechanical tests might be -developed. 
_ The report on the studies at the Univer- 


sity of Illinois, referred to above, is 


_ being presented at this annual meeting 
as a technical paper by Paul G. Jones 
and H. F. Moore, “‘An Investigation of 
the Effect of Rate of Strain on the Re- 
sults of Tension Tests of Metals.’” 

This section is considering the pos- 
sibility of investigating the effect of 
speed of testing of some nonmetallic 
materials. 

Section on Elastic Strength of Materials 
(F. B. Seely, chairman).—A meeting 
of this section is to be held during this 
annual meeting of the Society at which 
specifications for a “proof stress” which 

8 Lawford H. Fry, ‘‘Speed in Tension Testing and Its 


Effect on Yield Point Values,” see p. 625. 
See p. 610. 


may serve as a measure of elastic 
strength will be considered. This mat- 
ter has been brought to the attention 
of the section through the use of such a 
“proof stress” in certain U. S. Govern- 
ment specifications. 

Section on Calibration of Testing Ma- 
chines and Apparatus (H. F. Moore, 
chairman).—This section will hold a 
meeting during this annual meeting of 
the Society at which the calibration of 
strain-measuring apparatus will be con- 
sidered. 


Technical Committee II on Consistency, 
Plasticity, and Related Properties (E. 
C. Bingham, chairman): 


This technical committee held a 
meeting in Atlantic City, N. J., on June 
28, 1939, at which the comments that 
had been received on the Tentative Defi- 
nitions of Terms Relating to Rheological 
Properties of Matter (E 24 — 37 T) were 
discussed at some length. The defini- 
tions were extensively revised at this 
meeting and subsequently approved by 
letter ballot vote of the technical com- 
mittee. The revised definitions are 
being presented for publication as ten- 
tative, as referred to earlier in this 
report. 

A recommendation has been received 
from Committee D-17 on Naval Stores 
that the Tentative Method of Test for 
Softening Point (Ball and Tapered 
Ring Apparatus) (E 28 — 39 T) be fur- 
ther revised to permit the optional use 
of a shouldered ring for testing certain 
high melting resins, modified rosins, and 
other products which so contract on 
cooling that they tend to slip part way 
out of the tapered ring. This recom- 
mendation together with a drawing of 
the proposed shouldered ring and 4 
report containing comparative results 
for both types of rings in tests on several 
types of resins has been transmitted to 
the members of the Special aa 


= 


re 


* 
on 
| ch 
no 
gr 
th 
me 
ne 
to 
co 
da 
wi 
te: 
th 
| ce 
by 
ar 
ot 
| : 
| al 
ni 
4 
cl 
{ 
j 


Stic 
lat- 
‘ion 


MEtTHops oF TESTING 


on Softening Point Test, under the 
chairmanship of T. H. Rogers, and is 
now receiving consideration by that 
group. 

Some consideration is being given by 
this technical committee to the establish- 
ment of a set of symbols for use in con- 
nection with rheologic terms. 

A proposal has recently been referred 
to the committee by the chairman for a 
cooperative investigation into the fun- 
damental properties of flow. This 
would include a study of the methods of 
testing materials involving the flow of 
those materials, for the purpose of as- 
certaining whether the results obtained 
by the methods now in use can be ex- 
pressed in fundamental units of flow 
and eventually correlated with each 
other and with any other methods that 
may be devised, to obtain values that 
are more simple, rapid, precise, or sig- 
nificant. 


Technical Committee III on Particle 
Size and Shape (L. T. Work, chair- 
man): 


This technical committee has been 
reorganized into the following sections: 


Advisory, L. T. Work, chairman, 

Sieves, A. A. Klein, chairman, 

Pigment-Type Materials, C. E. Barnett, 
chairman, and 


Ground Products, L. T. Work, chairman. 


F. H. Jackson has been appointed 
as vice-chairman and L. V. Judson as 
secretary of the technical committee. 

The personnel of the sections has 
been rearranged to conform to the 
several fields of interest and the sections 
are closely watching their respective 
fields. Work is actively in progress in 
the Section on Pigment-Type Materials. 
It was hoped that a major revision of 
the Tentative Method of Test for the 
Particle Size Distribution of Subsieve 
Size Particulate Substances (E 20--33T), 
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devoted only to pigment-type mate- 
rials, would be available for action at 
this time, but the section feels that 
although work on the method is well 
advanced, further modification is needed 
to make it acceptable to all concerned. 
It is expected that the revised method 
will be presented for publication next 
year. 

The Section on Pigment-Type Mate- 
rials is sponsoring a Symposium on Par- 
ticle Size Determination to be held at 
the 1941 Spring Meeting of the Society 
in Washington, D.C., and _ several 
excellent papers have already been 
obtained. It is hoped that this sympo- 
sium will serve as a guide in the formu- 
lation of new standards in the subsieve 
range. 

The Sections on Sieves and on Ground 
Products are merely watching develop- 
ments and contemplate no immediate 
efforts in the development of new stand- 
ards. 


Technical Committee IX on Interpreta- 
tion and Presentation of Data (H. F. 
Dodge, chairman): 

During the past year this technical 
committee has served in an advisory 
capacity to several standing committees 
of the Society on problems relating to 
the use of statistical methods in the 
analysis and presentation of data. 

The committee held a meeting in 
Detroit, Mich., on March 6, 1940, at 
which plans were discussed for revising 
the A.S.T.M. Manual on Presentation 
of Data. The revision will include the 
addition of a supplement on the subject 
of sampling errors of averages. The 
supplement is to treat not merely the 
statistical theory that applies but is to 
consider practical engineering proce- 
dures that may be followed where the 
assumptions and conditions of theory 
cannot be assumed to hold. 
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Technical Committee X on Conditioning 
(Robert Burns, chairman): 


: The members of Technical Committee 
X have approved, by letter ballot vote, 
the scope of the committee,” and the 
following definition of conditioning 
which was proposed at a previous meet- 
ing: 


Conditioning is the process of subjecting a 
material to a stipulated influence or combination 
of influences for a stipulated period of time. 
The influences may be relative humidity, tem- 
perature, light, pressure, air composition, or 
_ other factors, used jointly or severally. 


Norte 1.—Conditioning may be used for (a) 
predicting service behavior, (6) obtaining repro- 
ducible results, (c) testing for acceptance, (d) 
research, (e) process control; for any single objec- 
_ tive or combination of objectives. 
Norte 2.—It is generally true that only a por- 
tion of the influences enumerated in the above 
definition are applicable to any given material. 
Hence in any discussion of conditioning the par- 
ticular influences that are significant must be 
stated. 


6 


As part of its function to encourage, 
_ wherever possible, the utilization of 
existing conditioning methods, Tech- 
nical Committee X has given wide cir- 
culation to a brief outline of the more 
extensively used combinations of at- 
_ mospheric influences now employed in 
the testing of materials, including those 
_ which have been made part of existing 
_ standards and those which are not 
standard but have found extensive 
_ application. A number of replies have 
_ been received from various industrial 
- organizations informing the committee 
of their adoption of the recommenda- 
tions. 
The committee is reviewing the defini- 
_ tions included in the Standard Method 
of Determining Relative Humidity (D 
_ 337 — 34), under the jurisdiction of Com- 
- mittee D-13 on Textile Materials, and 
also the definition of average room con- 
ditions, prepared by Committee D-9 on 
— Soc. Testing Mats., Vol. 39, p. 524 


Electrical ‘Materials, with a 
view to determining their suitability 
for general adoption. 

Several new conditioning procedures 
now under active consideration of the 
standing committees are being prepared 
with the assistance of members of this 
technical committee. Prominent among 
these projects is the work of Committee 
D-9 on the development of a standard 
conditioning chamber. 


Technical Committee XI on Designation 
and Interpretation of Numerical Re- 
quirements (J. A. Gann, chairman): 


This technical committee held a 
meeting in Detroit, Mich., on March 6, 
1940, at which further consideration 
was given to comments received on the 
Proposed Recommended Practices for 
Designation of Numerical Requirements 
in Standards.* The question of the 
method of rounding off decimal values, 
which has been the subject of some 
considerable discussion in the commit- 
tee, has been solved by incorporating a 
rounding off procedure that is in agree- 
ment with that covered by the Proposed 
American Standard Rules for Rounding 
Off Numerical Values. The proposed 
recommended practices have been ap- 
proved by letter ballot vote of the 
technical committee and are being pre- 
sented for publication as tentative, as 
mentioned earlier in this report. 


Technical Committee XII on Laboratory 
Apparatus (W. H. Fulweiler, chair- 
man): 


The activities of this technica] com- 
mittee have been handled by its several 
sections. Brief summaries of the work 
of the active sections are presented be- 
low. 

Section A on Thermometers (R. M. 
Wilhelm, chairman).—Revised specifica- 
tions for the turpentine distillation ther- 
mometer have been prepared,® as men- 
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tioned earlier in this report, and are 
recommended for publication as a tenta- 
tive revision of the present Standard 
Specifications for A.S.T.M. Thermom- 
eters (E 1 — 39). 

In cooperation with Committee D-2 
on Petroleum Products ‘and Lubricants ~ 
the section has also prepared specifica- 
tions for three aniline point thermom- 
eters, to be published as information in 
the Proposed Method of Test for Aniline 
Point of Petroleum Products." 

Consideration is being given by the 
section to specifications for the titer 
test thermometer for use in the testing 
of soap.” 

A review of the Standard Specifica- 

tions for A.S.T.M. Thermometers (E 1 
-39) has resulted in the approval of 
several editorial changes which will be 
incorporated in the specifications when 
they are next printed. 
_ Section C on Volumetric Glassware 
(J. J. Moran, chairman).—This section 
has cooperated with several of the stand- 
ing committees in reviewing drafts of 
new and revised methods containing 
requirements for calibrated glass appara- 
tus, and as a result has made recom- 
mendations for improvements in certain 
features of the apparatus. 

A paper on “Methods of Testing 
Volumetric Glassware” by the chairman 
of this section was contemplated for 
presentation to the Society at this an- 
nual meeting. It has not, however, 
been found possible to complete the 
paper this year. 

Section D on Laboratory Glassware 
(F. F. Shetterly, chairman).—This sec- 
tion also has reviewed and presented 
Suggestions for improvements in re- 
quirements for certain pieces of labora- 
tory glassware appearing in new and re- 
vised methods being submitted to the 

1 See p. 313. 

2 Proposed requirements for this thermometer appear 


in the Report of Committee D-12 on Soaps and Other 
Detergents, see p. 399. 


Society this year by other standing 
committees. 
Section E on Ceramic Apparatus (H. _ 
W. Ryland, chairman).—This section 
was organized during the year and con- 
sists of the following members: 


H. W. Ryland, chairman, 


ay 
rey: 
Section F on Metalware A pparatus — - 
(J. E. Patterson, chairman).—An or- — 
ganization meeting of this section was 
held in Washington, D. C., on March 
13, 1940. The membership of the sec- — 
tion is as follows: 
haw <,, 


AGATE 


J. E. Patterson, chairman, 
A. W. Fisher, 

C. A. Hogentogler, 
M. F. Kleeberg, 

P. E. Klopsteg, 
W. W. Pitann, 

C. S. Reeve, 

W. H. Reynolds, 
W. A. Selvig, 

R. M. Wilhelm, an 
L. G. Wilson. 
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The programs of work to be under- | 


taken by the two new sections will be 
considered during the year. 


W. H. Fulweiler and H. F. Moore 
have been re-elected chairman and vice- 
chairman, respectively, of Committee 
E-1 for the ensuing term of two years. 


This report has been submitted to — 
letter ballot of the committee which con- 
sists of 52 members; 48 members re-— 
turned their ballots, all of whom have © 
voted affirmatively. ; 


Respectfully submitted on behalf of a 


the committee, 


W. H. FULWEILER, 
Chairman, 
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REPORT OF COMMITTEE E-2 


SPECTROGRAPHIC ANALYSIS 


Committee E-2 on Spectrographic 
Analysis held a meeting in Atlantic 
City, N. J., on June 29, 1939. A 
further meeting will be held during 
this annual meeting. 

The committee sponsored a round- 
table discussion on Fundamental 
Methods and Technique of Spectro- 
chemical Analysis at the June, 1939, 
meeting of the Society. Two well- 
attended sessions brought attention to 
bear on several of the fundamentals of 
_ the spectrographic method and served 
as a basis for planning a Symposium on 
Spectrographic Analysis to consider 
accuracy requirements, reproducibility 
possibilities and interpretation of results, 
to be held at the 1940 annual meeting 
of the Society. It is planned to publish 
a coordinated account of the 1940 
symposium in the ASTM BUutLtetin. 

Seven new members were elected to 
the committee during the year, resulting 
in a total membership of 60. 

Subcommittee II on Fundamental 
Methods and Technique (O. S. Duffen- 
dack, chairman) organized the round- 
table discussion at the 1939 meeting 
and held a meeting of the subcommittee 
following the symposium. During the 
meeting a survey was made of the situa- 
tion with regard to the methods that 
have been developed for spectrochemical 
analysis and the matter was discussed 
informally. The desirability for a 
standardization of the terminology in 
this field was pointed out. 

Members of the subcommittee were 


active during the year in developing 
and keeping in contact with new 
methods for analyzing specific materials. 
As a step toward consideration of funda- 
mentals of spectrochemical analysis, 
reports of a basic research on excitation 
of mercury vapor by electron impacts 
were circulated among the members of 
the subcommittee. The subcommittee 
has recommended that further research 
of this fundamental nature be en- 
couraged in order to develop a more 
complete understanding of the excita- 
tion processes and fundamental princi- 
ples of analytical procedures. 
Subcommittee IIIT on Quantitative 
Methods and Applications (M. L. Fuller, 
chairman) was active during the past 
year through the work of its several 
groups. Mr. P. A. Leichtle was ap- 
pointed chairman of Group 1 on Copper, 
Nickel and Their Alloys to succeed C. H. 
Davis, resigned. Group 1 made an 
initial survey of the practice of spectro- 
graphic analysis of copper and nickel 
base materials, by means of a question- 
naire and at a meeting of the group in 
New York City on March 29, 1940. 
The discussion at this meeting led to 
the opinion that the group should make 
preliminary tests on one or two samples 
of copper and brass for standards before 
planning any extensive program of 
group testing. Steps have been taken 
to carry out the preliminary testing. 
Group 2 on Lead, Tin, Antimony, 
Bismuth and Their Alloys (A. E. Ruehle, 
chairman) is engaged in the preparation 
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of methods for the spectrographic anal- 
ysis of lead and tin. 

Group 4 on Zinc, Cadmium and Their 
Alloys (M. L. Fuller, chairman) de- 
veloped a revision of the Tentative 
Method of Quantitative Spectrochemical 
Analysis of Zinc Alloy Die Castings for 
Minor Constituents and Impurities. 
The subcommittee approved by letter 
ballot vote a recommendation that the 
revised methods be presented to Com- 
mittee E-2 for submission to the Society 
to replace Methods E 27 — 37 T. 

Subcommittee V on Standards and 
Pure Materials (T. A. Wright, chairman) 
handled numerous inquiries as to avail- 
ability and types of standards required 
for spectrographic purposes. So far as 
is known, no new material suitable for 


standards has been made available, al- 
though developments in materials of this 
type are being followed. 


The present officers of the committee 

were re-elected for the ensuing term of 

This report has been submitted to 


letter ballot of the committee which 
consists of 60 members; 49 members 
returned their ballots, of whom 47 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. V. CHURCHILL, 
Chairman. 
B. F. ScRIBNER, 


Secretary. 


1 See Editorial Note below. 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee E-2 presented to the Society 
through Committee E-10 on Standards a revision of the Tentative Method 
of Quantitative Spectrochemical Analysis of Zinc Alloy Die Castings for 


Minor Constituents and Impurities (E 27 —- 37 T). 


This recommendation 


was accepted by Committee E-10 on November 5, 1940, and the revised 
tentative method has been published separately as a 1940 Supplement to the 
Methods of of Metals. 
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Committee E-3 on Chemical Analysis 
of Metals held one meeting during the 
year on June 28, 1939, in Atlantic City, 
N. J., during the annual meeting of the 
Society. Six division and six subcom- 
mittee meetings , | also held during 
the year. The ittee is pleased to 
report that considerable progress has 
been made during the year. 

Committee E-3 took an active part in 
arranging for this annual meeting the 
Symposia on Tools of Analytical Chem- 
istry, and on Spectrographic Analysis, 
as well as the presentation of moving 
and still pictures illustrating applica- 
tions of spectrochemical and micro- 
analytical procedures in _ industry. 
These meetings attracted a number of 
guests, drawn from the American Chemi- 
cal Society, and from industrial and 
educational laboratories. 

Seven new members were elected to 
the committee during the year, and one 
member resigned, leaving a total mem- 
bership of 66. 

The present officers of the committee 
were re-elected for the ensuing term of 
two years. 

Division A on Ferrous Metals (Arba 
Thomas, chairman) has under con- 
sideration methods for the determina- 
tion of lead and small amounts of 
’ aluminum in carbon steel which have 
been prepared and tested and are ready 
for letter ballot action by the division. 

Subcommittee A-2 on Metallic Mate- 
rials for Electrical Heating (T. R. 
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Cunningham, sainiie of Division A, 
is engaged in preparing methods for the 
analysis of electrical heating alloys. 
Methods for determining columbium and 
selenium are being studied by special 
subcommittees of which W. D. Brown 
and E. R. Vance are chairmen, respec- 
tively. 

Division B on Non-Ferrous Metals 
(R. P. Nevers, chairman) has been 
active through several of its sub- 
committees: 

Subcommittee B-1 on Copper and 
Nickel and Their Alloys (R. P. Nevers, 
chairman) is continuing the extensive 
work on the preparation of methods for 
the analysis of copper-base alloys. 

Subcommittee B-2 on Lead, Tin, 
Antimony, Bismuth and Their Alloys 
(J. B. Mosley, chairman) has completed 
the preparation of methods for analysis 
of pig lead and these methods are ready 
for letter ballot action by the division. 

Subcommittee B-4 on Zinc and Its 
Alloys (R. W. Coltman, chairman) has 
completed methods for the determina- 
tion of cadmium, lead and iron in slab 
zinc and submitted them to the division 
for action by letter ballot. 

Division C on Sampling (T. A. Wright, 
chairman) through its Subcommittee 
C-3 (F. M. Barry, chairman) is develop- 
ing a program for sampling mechanically 
worked metals. 

Division D on General Analytical 
Methods (B. L. Clarke, chairman), re- 
viewed methods submitted by the ferrous 
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and non-ferrous divisions for the analysis 
of copper-base and zinc-base alloys; 
aluminum and lead in carbon steel; and 
electrical heating alloys of the 80 per 
cent nickel, 20 per cent chromium type. 


This report has been submitted to 
letter ballot of the committee which 
consists of 66 members; 65 members 
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returned their ballots, of whom,61 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of = 
the committee, 
G. E. F. LUNDELL, 
Chairman. 
H. A. BRIGHT, 


Secretary. ate } 
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‘Maton REPORT OF COMMITTEE E-4 


Committee E-4 on Metallography has 
held two meetings during the past year: 
one in Atlantic City, N. J., on June 28, 
1939, during the annual meeting of the 
Society, and the other in Detroit, 
Mich., on March 5, 1940. 

Subsequent to the 1939 annual meet- 
ing Committee E-4 presented to the 
Society through Committee E-10 on 
Standards the following recom- 
mendations: 
New Tentative Standards: 

Methods of Preparation of Micrographs of 
Metals and Alloys, Including Recommended 
Practice for Photography as Applied to Metal- 
lography (E 2-39 T), to replace immediately 
Standard Rules E 2-36, and 

Classification of Austenite Grain Size in 
Steels (E19-39T), to replace immediately 
both the Standard and Tentative Grain Size 


Charts for Classification of Steels (E 19-33 
and E 19 - 38 T). 


These recommendations were ac- 
cepted’ by Committee E-10 on August 
24, 1939, and the new tentative stand- 
ards appear in the 1939 Book of A.S.T.M 
Standards? 

The interest and activities in certain 
phases of metallographic work have led 
to the organization of an informal 
Round-Table Discussion on the Prepara- 
tion of Metallographic Specimens by 
Electrolytic Polishing and by Lapping 
which is to be held during this annual 
meeting. 

1 In submitting these recommendations to Committee 
E-10 on Standards, Committee E-4 reported the following 
results of the letter ballot vote of a total of 38 ballots, 
returned from a committee membership of 53: E 2 - 39 T, 
affirmative 38, negative 0; E 19 - 39 js 34, 


negative 1 ballots marked ‘not voting”’ 
=, 1939 Book of A.S.T.M. Standards, Part I, pp. 1214, 
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Due to an increased interest in non- 
metallic inclusions, a new subcommittee, 
designated Subcommittee IX, has been 
formed which will endeavor to prepare 
standard methods of determining in- 
clusions. This new subcommittee is 
under the chairmanship of Samuel 
Epstein. 

Because of lack of an immediate 
objective Subcommittee II on Defini- 
tions and Nomenclature has been 
discharged. 

Committee E-4 reports a net gain in 
membership during the year of two 
members, bringing the tetal membership 
to 57. 


TENTATIVE STANDARDS CONTINUED AS 
TENTATIVE 


The committee recommends that the 
following tentative standards for which 
the committee is responsible be con- 
tinued as tentative without revision: 


Tentative Methods of Preparation of Micro- 
graphs of Metals and Alloys, Including Recom- 
mended Practice for Photography as Applied to 
Metallography (E 2 - 39 T), 

Tentative Methods of Preparation of Metal- 
lographic Specimens (E 3 - 39 T), and 

Tentative Classification of Austenite Grain 
Size in Steels (E 19-39 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Selection and 
Preparation of Samples (E. H. Diz, Jr., 
chairman), which is responsible for the 
preparation of the Tentative Methods of 
Preparation of Metallographic Speci- 
mens (E3-—39T), is sponsoring the 
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round-table discussion on lapping meth- 

ods and electrolytic polishing, mentioned 

above, in order to ascertain whether the 

status of these procedures would war- 

rant incorporating them in Tentative 

Methods E 3 — 39 T. 

Subcommittee VI on X-ray methods 
(W. L. Fink, chairman) held a meeting 
during the Metal Congress in Chicago, 
in October, 1939, at which the subject 
of diffraction methods was discussed. 
This subcommittee is attempting to 
establish a center of information on 
diffraction methods of chemical analysis. 

Subcommittee VII on Recommended 
Practice for Dilatometric Analysis (L. L. 
Wyman, chairman) is reviewing the 
results of various recommendations with 
respect to methods and precision in 
dilatometric procedures as used in a 
number of laboratories, with the view 
of establishing a recommended practice 
in this field. 

Subcommittee VIII on Grain Size 
(M. A. Grossmann, chairman) accom- 
plished last year the revision of the 
metallographic grain size reference 
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standards, which are now published 
under the title Tentative Classification 
of Austenite Grain Size in Steels 
(E 19 - 39 T). 

Due to the widespread interest shown 
at the last meeting of Committee E-4, 
this subcommittee has been requested to 
investigate the feasibility of establishing 
a ferrite grain size standard. 


The present officers of the committee 
were re-elected for the ensuing term of 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 57 members; 44 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
L. WyYMAN, 
Chairman. 


- 
is 
el 
te 
i- 
F 
in 
10 
ip 
AS 
he 
ch 
n- 
m- 
to 
al- 
nin 
a 
nd 
r., 
the 
of 


REPORT OF OF COMMITTEE E-7 
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Committee E-7 on Radiographic Test- Subcommittee I has considered the met 


ing met at Atlantic City on June 26, 
1939, and will hold a further meeting 
during this annual meeting. The com- 
mittee has been active through its 
several subcommittees as_ indicated 
briefly below. 

Subcommittee I on Radiography of 
Cast Metal (C. W. Briggs, chairman).— 
At the meeting of Committee E-7 in 
June, 1939, Subcommittee I reported a 
recommendation to adopt the U. S. 
Navy Radiographic Standards (Gamma- 
Ray) for pressure castings. The com- 
mittee, after discussion, accepted this 
recommendation and it was subsequently 
approved by a letter ballot vote of the 
committee. The standards are to be 
presented subsequent to this annual 
meeting to Committee E-10 on Stand- 
ards! for consideration as A.S.T.M. 
tentative standard. 

The question of X-ray radiographic 
standards for steel castings to supple- 
ment those covering the gamma-ray 
field was discussed at the meeting in 
June, 1940. It was decided that such 
standards should be prepared and an 
attempt made to provide graded condi- 
tions of soundness. It is intended to 
have different standards applicable to 
different types of castings, and in many 
cases to different parts of the same 
casting. A special committee was ap- 
pointed, with C. W. Briggs as chairman, 
to prepare the standards. 

1 The standard was considered by Committee E-10 but 
was returned for certain revisions. It is expected that the 
revised standard will be ready for resubmission shortly. 


= 


question of revision of the Tentative 
Methods of Radiographic Testing of 
Metal Castings (E15-39T). After 
discussion in the subcommittee and at 
the meeting of the main committee, it 
was decided to provide for revision of 
this procedure in a comprehensive docu- 
ment in which radiographic procedures 
for both X-rays and gamma-rays are 
to be detailed and brought completely 
up to date. It is expected that two 
years will be required to complete the 
work. The committee in charge is 
headed by J. J. Curran. 

Subcommittee II on Research and 
Development (H. E. Seemann, chairman). 
—During the year the very important 
paper by Lauriston S. Taylor on “In- 
dustrial X-Ray Protection’? was made 
available to various industrial plants 
where protection is an _ important 
problem. 

Papers on ‘Precision Radiography,” 
by G. E. Doan, and on “Some Aspects 
of Radiographic Sensitivity in Testing 
with X-Rays,” by H. H. Lester were 
also published last year.’ 

The committee sponsored six papers 
being presented at this annual meeting 
of the Society. Three of these are to be 
given at a special session devoted to a 
“Topical Discussion on Radiographic 
Testing of Airplane Components,” as 
follows: 

2 Published in ASTM Buttetin, No. 99, August, 
1939, p. 23. 

’’Published in ASTM Buttetin, No. 97, March, 


a, - 27; No. 100, October, 1939, p. 33. 
0 be published i in ASTM BULLETIN. 


a 
5 
1940 
6 
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1940, p. 19. 


“Quality and Quantity X-Ray Examination 
of Aircraft Material,” by T. A. Triplett. 
“Radiography of Aluminum Castings and 
Forgings for Airplanes,” by Kent Van 
Horn. 

“Technique and Organization in the Radi- 
ography of Aircraft Castings,” by L. W. 
Ball. 


The other three papers will be pre- 


sented at the second session of the annual 
meeting, and are as follows: 


“The Technique of Inspecting Wood Poles 
by X-Rays,” by Myron Zuckor.é 
“The Reduction of Secondary Radiation 
and of Excessive Radiographic Contrast 
by Filtration,” by H. E. Seemann.® 
‘Precision Radiography-II,” by Gilbert E. 
Doan and Winston H. Sharp.’ 


5 Published in ASTM BULLETIN, No. 106, October, 


let 


p. 1289. 
7See p. 1301. 
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R. A. GEZELIUS, 


Following the meeting on radiographic 


inspection of aircraft material, a special 
committee was provided for under the 
chairmanship of A. W. F. Green, to 
consider and report on the question of 
standardized procedures for radiographic 
examination of airplane material. 


Mention should be made of the 


remarkably fine radiographic display 
presented at the annual meeting. The 
exhibition committee was headed by 
Victor 
X-Ray Co. contributed generously in 
the loan of display cabinets. 


Hicks. The Westinghouse 


Respectfully submitted on behalf of 


the committee, 


H. H. Lester, 
Chairman. 


Secretary. 
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~ Since the previous report to the So- 
ciety in 1934, Committee E-8 on Nomen- 
clature and Definitions has held one 
meeting: in New York, N. Y., on May 
22,1940. ‘Two meetings of the Advisory 
Committee have been held: both in 
New York, N. Y., one on June 28, 
1937, and the other on May 22, 1940. 
In recent years there have been relatively 
few definitions requiring final action on 
the part of Committee E-8 and ac- 
cordingly it has not been necessary for 
the committee to meet annually as had 
been the custom. As a result of the 
considerations given by the committee 
at its recent meetings, action has been 
taken on several recommendations for 
the adoption of certain definitions as 
standard as well as the initiation of other 
subjects dealing with nomenclature and 
definitions of general interest to the 
standing committees of the Society. 

The Advisory Committee is now func- 
tioning on a rotational basis with the 
terms of two members expiring each 
year. P. V. Faragher and L. H. Fry 
were appointed by the Executive Com- 
mittee of the Society for a three-year 
term, expiring in 1942. 

An increasing interest in the establish- 
ment of authoritative nomenclature and 
definitions has been evidenced on the 
part of the standing committees of the 
Society. This is particularly true in the 
case of new committees organized during 
the past several years. The committee 
has received a discussion by H. C. 
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Porter proposing that consideration be 
given to the preparation of a recom- 
mended form to serve as a basis for the 
establishment of a definition, and when a 
term has several meanings, to provide a 
means of indicating the primary and 
secondary importance of the subjects 
covered. 

A statement prepared by J. Spotts 
McDowell has been submitted to the 
committee by M. E. Holmes, the 
representative of Committee C-8 on 
Refractories. This statement also points 
out the need for the formulation of 
adequate definitions which contain in 
concise form that which is necessary to 
identify the materials or terms defined. 
It was recognized that the setting up of 
guiding principles for developing defini- 
tions would be of distinct value to the 
standing committees of the Society. 
It was accordingly decided by the Ad- 
visory Committee at its last meeting to 
publish an article along these lines in 
the ASTM Bu ttetin for the purpose 
of eliciting discussion. It was thought 
that this method of presenting the sub- 
ject to the Society membership would 
serve to bring the matter to the atten- 
tion not only of the standing committees 
but also of others interested. 

The Standard Definitions of Terms 
Relating to Heat Treatment Operations 
(Especially as Related to Ferrous Al- 
loys) (A 119 — 33) were placed under the 
jurisdiction of Committee E-8 in 1936 
when the former Committee A-4 om 
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On NOMENCLATURE AND DEFINITIONS 


Heat Treatment of Iron and Steel was 
discontinued. These definitions were 
prepared originally by the Joint Com- 
mittee consisting of representatives 
of the American Society for Metals, 
Society of Automotive Engineers, and 
the A.S.T.M. It appeared desirable 
to give consideration to a revision of 
this standard in view of certain develop- 
ments that had taken place since its 
preparation by the Joint Committee 
and adoption by the three societies. 
The present definitions apply only to 
the ferrous metals but similar termi- 
nology concerning heat treatment opera- 
tions is also of interest in the field of 
non-ferrous metals. An A.S.M. glossary 
of terms, issued in 1939,! includes certain 
new definitions as well as revisions of 
those prepared by the Joint Committee. 
It was accordingly decided to appoint a 
special subcommittee to study the 
matter and to make recommendations 
as to cooperation on this subject with the 
other interested societies as well as on the 
problem of revising and enlarging the 
definitions. 

Certain of the terms defined in the 
Standard Definitions of Terms Relating 
to Specific Gravity (E 12-27) have re- 
cently been commented on and in view of 
the suggestions received it has been 
decided to have the standard reviewed, 
especially since no change has been 
made in the definitions since they were 
adopted 13 years ago. A special sub- 
committee, composed of representatives 
of all interested standing committees, 
is to be appointed to review these 
definitions. 

The committee has reviewed the 
Tentative Definitions of Terms Relating 
to Gypsum (C 11-31T) which Com- 
mittee C-11 is prepared to recommend 
for adoption as standard. Questions 


. ! Glossary of Selected Iron and Steel Terms and Defini- 
tions of Terms Relating to Heat Treatment Operations, 
Metals Handbook, Am. Soc. for Metals, 1939 Edition, p. 3. 


were raised concerning several of the 
definitions and these will be discussed 
with Committee C-11 during the year. 

There have been recent indications of 
a need for a more closely defined dis- 
tinction between the meaning of the 
terms ‘‘mechanical properties” and 
“physical properties.” It would appear 
that these terms are quite often used 
interchangeably, and since the former is 
in general considered to have a more 
restrictive meaning it was thought de- 
sirable to outline more clearly the limita- 
tions of these two terms. Such a 
discussion would be useful as a guide in 
the preparation of specifications as well 
as to the authors of technical papers. 
In view of the general interest in this 
subject an article discussing the meaning 
and significance of these terms in the 
testing of engineering materials is to be 
prepared by L. H. Fry for publication 
in the ASTM 

The committee has received several 
requests for a definition of “baked 
enamel.”’ This request has been referred 
for consideration to the representative 
of Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products. 

Glossary of Terms.—The republication 
of a glossary of the terms appearing in 
the standards and tentative standards of 
the Society was again deferred last year 
partly as an economy measure but 
primarily because it appeared desirable 
to delay the preparation of a current 
list until after the publication of the 
1939 Book of Standards. 


ration of an up-to-date glossary. 


APPROVAL OF DEFINITIONS 


The committee has also considered — 
recommendations of several standing 
committees for the adoption as standard 
of definitions prepared by these com- 
mittees, which recommendations appear 


‘in the annual reports being submitted _ 


Considera- 
tion will be given this year to the prepa- 
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to the Society at this annual meeting, 
as discussed below. 

<j Revisions in the Standard Definitions 
_ of Terms Relating to Paint (D 16 — 24) 
are being recommended for immediate 
adoption by Committee D-1.2 Certain 
suggestions of an editorial nature have 
been made by Committee E-8 concern- 
ing several of the definitions and these 
are being discussed with Committee 
D-1. The definitions, subject to ac- 
ceptance by Committee D-1 of the edi- 
torial suggestions, have been submitted 
to letter ballot of Committee E-8 which 
consists of 48 members; 45 members 
returned their ballots, of whom 27 
voted affirmatively, 4 negatively, and 
14 marked their ballots “not voting.” 

Committee D-5 on Coal and Coke is 
recommending the adoption as standard 
of the Tentative Definition of the Term 
Coke (D 121-26T), as revised.* The 
revised definition has been considered 
and approved by the Subcommittee on 
Coke, as mentioned later in this report. 
It has also been referred to letter ballot 
of Committee E-8 which consists of 
48 members; 45 members returned their 
ballots, of whom 33 voted affirmatively, 
4 negatively, and 8 marked their 
ballots “not voting.” 

The Tentative Definitions of Terms 
Relating to Textile Materials (D 123 - 
39 T), which are being recommended 
by Committee D-13 for adoption as 
standard this year,* have been reviewed 
by Committee E-8. As a result of this 
review the definitions of certain terms 
have been questioned, and attention 
has beet called to the desirability of 


? This recommendation was withdrawn and in view of 
additional revisions Committee D-1 recommended that the 
revised Definitions of Terms Relating to Paint, Varnish, 
Lacquer, and Related Products be published as tentative, 

ee p. 282. 

3 In deference to a suggestion from the Executive Com- 
mittee of the Society that this definition be not adopted, 
Committee D-5 voted at its meeting on June 27, 1940, not 
to present the revised definition, see Editorial Note, p. 340. 

4 In presenting the definitions to the Society for adop- 
tion as standard Committee D-13 incorporated certain of 
the estions as editorial changes. The definitions as 
adopted appear in the 1940 Supplement to Book of A.S.T.M. 
Standard Part III, p. 143. 


| 


including only those terms relating to 
textile materials not likely to be under- 
stood by the layman unless defined. 
Also, certain general terms have been 
defined, such as water vapor pressure, 
absolute and. relative humidity, gage, 
tensile strength, etc., and Committee 
E-8 is of the opinion that particular 
attention should be given to such 
definitions to determine whether they 
are essential, and if so, whether they 
are correctly defined since they may have 
both a general and specific application. 
Committee E-8 has accordingly recom- 
mended that Committee D-13 defer the 
adoption as standard of these definitions 
so that they may be reviewed along the 
lines indicated and any changes or im- 
provements incorporated before they 
are formally adopted by the Society as 
standard. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee on Definitions of Sand 
and Aggregate (Cloyd M. Chapman, 
chairman) —The Tentative Definition 
of the Term Aggregate (C 58 - 28 T) 
which has been continued in the tenta- 
tive status for the past 12 years has not 
been recommended for adoption as 
standard since final agreement has not 
been reached on the definition by the 
several committees concerned. In order 
to harmonize the viewpoints that have 
been expressed, the following revised 
definition is now being submitted to 
this subcommittee: 

Aggregate.—Inert material, such as sand, 
gravel, slag, or broken stone, or combinations 
thereof, used in combination with a cementing 


medium to form a conglomerated mass such as 
mortar, plaster, concrete, mastic, etc. 


Subcommittee on Definition of Sieve 
and Screen (Cloyd M. Chapman, chair- 
man).—This subcommittee has had un- 
der consideration the Tentative Defini- 
tion of the Term Screen (Sieve) (E 13 - 
28 T) which has also been continued 


without change for the past 12 yas 
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The subcommittee reviewed this defini- 
tion by letter in 1938 as a result of which 
it was decided to change the word 
“rectangular” in Note 2 to read 
“square.” With this change, the defini- 
tion will read as follows: 


Screen (Sieve).—A plate or sheet or a woven 
cloth, or other device, with regularly spaced 
apertures of uniform size, mounted in a suitable 
frame or holder, for use in separating material 
according to size. 

Note 1.—The shape and spacing of aper- 
tures, size of wires or threads, thickness of 
plate or sheet, allowable variations and similar 
properties should be taken care of in specifica- 
tions. 

Note 2.—In mechanical analysis testing 
work, when not otherwise specified, the term 
“sieve” shall apply to an apparatus in which 
the apertures are square, and the term “screen” 
shall apply to an apparatus in which the aper- 
tures are circular. 


The above revised definition is now 
being considered for adoption as standard. 

Subcommittee on Definition of Concrete 
(Cloyd M. Chapman, chairman).—This 
subcommittee has under consideration 
the formulation of a definition for ‘‘con- 
crete.” A proposed definition which 
appeared in the 1928 report® as informa- 
tion, for the purpose of eliciting com- 
ments and suggestions, is to be further 
reviewed and discussed with interested 
committees of the Society. In this 
connection consideration will also be 
given to the definitions for “gypsum 
concrete” and “gypsum fiber concrete” 
prepared by Committee C-11 on Gypsum 
and which are now considered by that 
committee to be suitable for adoption 
as standard. 

Subcommittee on Definitions Relating 
to Bituminous Materials (K. G. Mac- 
kenzie, chairman).—This subcommittee 
has been studying the two existing 
definitions for water-gas tar prepared, 
respectively, by Committees D-4 on 
Road and Paving Materials and D-7 


5 Proceedings, Am. Soc. Testing Mats., Vol. 28, Part 
I, p. 679 (1928). 
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on Timber. The following revised defi- 
nition proposed by W. H. Fulweiler, a 
member of the subcommittee, is now 
being discussed and it is hoped that the 
committee may reach agreement on a 
recommended definition to be submitted 
for adoption as standard to replace the 
two present definitions of this term: 


Water-Gas Tar.—A tar composed essentially 
of aromatic hydrocarbons produced in the 
manufacture of carbureted water gas by the 
transformation at high temperatures of petro- 
leum oil in the presence of blue gas. 


Subcommittee on Definition of Coke 
(H. C. Porter, chairman).—It is recom- 
mended by this subcommittee that the 
Tentative Definition of the Term Coke 
(D 121-26T) be revised* as follows: 

Change the definition of the term coke 
from its present form: namely, 


Coke.—The infusible, cellular, coherent solid 
material obtained from coal as the residue from 
its destructive distillation. 

Note 1.—Such material obtained from the 
destructive distillation of petroleum or petro- 
leum residues is known as “petroleum coke.” 

Note 2.—Such material obtained from the 
destructive distillation of coal tar pitch is known 
as “pitch coke.” 


to read as follows: 


Coke: (a) The solid, cellular, coherent residue 
from destructive distillation of bituminous coal, 
said residue having such physical structure as 
results from the hardening of a fused or semi- 
liquid mass. 

(b) If used with appropriate qualifying ad- 
jective, a similar residue from petroleum, pitch, 
and some other carbonaceous materials. 


The revised definition has been sub- 
mitted to letter ballot of this sub- 
committee and has received the unani- 
mous approval of that group, which 
consists of one representative from each 
of the following committees: A-3 on 
Cast Iron, D-2 on Petroleum Products 
and Lubricants, D-4 on Road and Pav- 
ing Materials, and D-5 on Coal and 
Coke. 
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Subcommitiee on Definitions of Net 
and Gross Calorific Values of Fuels 
(H. C. Porter, chairman).—This sub- 
committee has given consideration to 
the choice of a single term to indicate 
“calorific value” or “heat of combus- 
tion” in view of the inconsistent use 
at the present time of the several terms 
“calorific value,” “thermal value,” 
“heat of combustion,” and “heating 
value.” This matter was referred by 
letter ballot to the members of the sub- 
committee which has resulted in a major- 
ity of the members favoring the term 
“calorific value.” Several members of 
the committee favored the use of the 
term “heat of combustion” as perhaps 
more accurately descriptive, since it 
narrows precisely the application of that 
heat which is produced by combustion. 
The term “calorific value” was favored 
by the majority since it appeared to 
have the advantage of already being in 
more general use, having been adopted 
by the British Standards Institution 
and being similar to the use of “pouvoir 
calorique”’ by the French standardization 
society and to “Heizwert” in German 
standards. In view of the preference 
that has been expressed for both these 
terms, the possibility of using a combined 
term “calorific value (heat of combus- 
tion)” has been suggested. The com- 
mittee would be interested in receiving 
comments on this anceuie from members 
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of other standing committees and from 
the Society membership. 

In connection with the Tentative 
Definitions of Terms Gross Calorific 
Value and Net Calorific Value of Fuels 
(D 407-35 T), the chairman of the 
subcommittee proposed the alternative 
or optional use of the following terms as 
a result of suggestions and opinions re- 
ceived from authoritative outside 
sources: (1) gross calorific value, and 
net calorific value or (2) higher heat of 
combustion, and lower heat of combus- 
tion. This suggestion was considered 
by Committee E-8 and the committee 
has recommended that the subject be 
given further study by the subcom- 
mittee. 


Cloyd M. Chapman was re-elected 
chairman of the committee for the 
ensuing term of two years. 


This report has been submitted to 
letter ballot of the committee which 
consists of 48 members; 47 members 
returned their ballots, of whom 45 have 
voted affirmatively and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


‘CLovp M. CHAPMAN, 
Chairman. 


R. E. Hess, 


Ex-officio Secretary. 
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, With this report Committee E-9 on the Society describing its activities for ; 
"i Research reviews briefly certain research the year. Projects covered i in its report os 
activities and matters related thereto include those dealing with tubular mem- 
d which have engaged its attention during bers subjected to internal pressures, 
- the past year. As customary, a more properties of metals at low temperatures, 
7” comprehensive review of research activi- bolting performance at high temperature, 
- ties, with particular reference to such _ listing of high-temperature testing equip- 
activities in the standing committees ment and methods, and correlation of 
which are only mentioned herein, will data on K-20 steel. A second report 
ed appear in the October ASTM Buttetin. dealing with the effect of manufacturing 
he pert man variables on the high-temperature prop- 
Research Committee Activities: erties of metals, one of the sponsored 
The Research Committee on Fatigue of projects being carried out at Battelle 
to Metals has nearly completed the investi- Memorial Institute, is presented. An- 
ch gation of effect of type of testing machine other project committee prepared an 
Ts on results of fatigue tests as originally introduction to the subject of grain size 
ve planned.! In considering the data so of steel, in the form of a report by J. R. 
y. far obtained, the committee concluded Vilella which has been published in 
that additional tests would be necessary, Mechanical Engineering, April, 1940. 
of because of the amount of “scatter” in The committee is planning a series 
certain of the fatigue test results and of cooperative tests for studying some 
the advisability of including more tests of the important properties of copper- 
Mn. at high stresses to study the shape of _ base and nickel-base alloys at high tem- 


the upper part of the S—N diagrams. 
Committee E-9 has contributed $200 
from the Society’s Research Fund to- 
wards this extension of the project, 
supplementing the $500 contributed a 
year ago. It is expected that an oral 
presentation of the results so far obtained 
will be given at this annual meeting. 

The Joint Research Committee on Ef- 


Sect of Temperature on the Properties of. 


Metals of the American Society of 
Mechanical Engineers and this Society 
is presenting a report? at this meeting of 


1See p 


peratures. Other projects in the plan- 
ning stage relate to carbon-molybdenum 
steel and to the evaluation of a number 
of “short-time” test methods in terms 
of their ability to forecast long-time 
(creep) test results. 

The Joint Committee on Exposure Tests 
of Plating on Non-Ferrous Metals, com- 
posed of representatives of the American 
Electroplaters’ Society, the National Bu- 
reau of Standards and this Society, has 
continued its work during the past year, 
which has included the drafting of speci- 
fications for electroplated coatings in co- 
operation with appropriate committees 


hs 
7 
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of the Society. The exposure tests 
which are nearing completion were sum- 
marized in a paper by Blum and Straus- 
ser.* An informal report will be pre- 
sented by the joint committee at this 
meeting. 


Research Progress of A.S.T.M. Com- 
mittees: 

me | — of Speed of Testing on Physical 
“Properties of Metals (Committee E-1).— 
This investigation, sponsored by the 
Section on Effect of Speed of Testing, 
of Committee E-1, and carried out at 
the University of Illinois under an 
agreement between the University and 
the Society, has been completed, and 
the results are reported in a paper for 
this annual meeting by Paul G. Jones 
and H. F. Moore entitled “An Investi- 
gation of the Effect of Rate of Strain 
on the Results of Tension Tests of 


Metals.’* The paper describes results 


of tension tests of fourteen metals using 
different speeds of testing. The ap- 
paratus used was autographic and em- 
ployed duplicate devices for weighing 
load; stretch of specimen was measured 
by means of an electric resistance ex- 
tensometer. Time records were made 
photographically on an oscillograph film 
by contacts fitted to an electric clock. 
Extensive data showing influence of 
rate of strain on yield strength, tensile 
strength, elongation and reduction of 
area are presented, together with pro- 
posed methods for determining rates of 
strain using a type of testing machine 
in common use, not equipped with any 
special control apparatus. Committee 
E-9 contributed $300 from the Research 
Fund this year towards the completion 
of this project. 

Testing of Textile Finishes (Committee 


3 William Blum and P.W. C. Strausser on “Outdoor 
Exposure Tests of Electroplated Nickel and Chromium 
Coatings on Steel and Nonferrous Metals,’’ Journal of Re- 
search, Nat. Bureau Standards, Vol. 24, p. 443 (1940) (Re- 
search Paper 1293). 

4 See p. 610. 


D-13).—This project, which has for 
its objective the development of physical 
testing methods for the evaluation of 
various types of textile finishes, is being 
carried out by a research associate at 
the National Bureau of Standards and 
is supported financially by some ten 
industrial companies. A report of prog- 
ress in the first year’s work in studying 
such factors as limpness, smoothness 
and fullness of fabric, appears in the 
current report of Committee D-13 on 
Textiles. Most of the present sub- 
scribers to the investigation have agreed 
to continue their support for another 
year and additional sponsors have been 
obtained. 

Moisture Content of Paperboard and of 
Corrugated Fiberboard Containers (Com- 
mittee D-6).—This project has for its 
primary purpose the securing of data 
on the moisture content of container 
grades of paperboard, and of corrugated 
fiberboard containers, resulting from 
conditioning these products in accord- 
ance with several specified procedures; 
also, data on the relationship between 
moisture content and certain physical 
properties. Six laboratories experienced 
in this type of testing cooperated under 
the direction of Subcommittee IV of 
Committee D-6 on Paper and Paper 
Products. 

Effect of Pretreatments in Painting 
of Structural Steel (Committee D-1).— 
This project, being carried out under 
the direction of Subcommittee XXIX 
of Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products, is de- 
signed to give information on the value 
of various types of inhibitive solutions 
applied to steel surfaces before painting. 
A number of steel panels have been 
given various pretreatments, painted 
and exposed to the atmosphere. Brief 
mention of the project is made in the 
current report of Committee D-1° 


5 See p. 411. 
6 See p. 289. 
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Committee E-9 has given $75 from the 
Research Fund to defray expenses 
incurred in the installation of the test 
panels. 

Determination of Water Vapor in 
Gaseous Fuels (Committee D-3).— 
Through the School of Mineral Indus- 
tries of Pennsylvania State College, 
under the direction of Prof. A. W. 
Gauger, Committee D-3 is engaged in 
the development of methods for deter- 
mining water vapor in gaseous fuels— 
a determination which is of much im- 
portance to the fuel industries. The 
immediate need is for the establishment 
of a reference standard for the quantita- 
tive, absolute measurement of water 
vapor in air and fuel gases, and Com- 
mittee E-9 has given $200 from the 
Research Fund to aid in the procure- 
ment of needed apparatus and thus 
supplement the extensive contributions 
of the college to this project in its 
various ramifications. 

Capping Tests of Hollow Tile (Com- 
mittee C-15).—The work on these tests, 
carried out at Rensselaer Polytechnic 
Institute, has been substantially com- 
pleted and a report is being prepared 
for Committee C-15. 

New Activities—In addition to the 
projects just described, research activi- 
ties on the following subjects have 
been started during the year by the 
committees named. Brief statements 
of each appeared in the ASTM But- 
LETIN for October, 1939: 


Magnetic Properties under Conditions of 
Combined Alternating and Direct Magnetiza- 
tion—of chief interest in connection with core 
materials (Committee A-6). 

Study of Pictorial Scale for Evaluating Rust 
Resistance (Committee D-1).7 

Study of Methods of Testing Automotive 
Rubber—directly related to the work of the 
en S.A.E.-A.S.T.M. committee (Committee 

-11). 

Rubber Life Tests—air pressure tests, kinetic 
aging tests under artificial light and interpreta- 
tion of test data (Committee D-11). 


"See Proposed Reference Standards of Rusting of 
Painted Iron or Steel Surfaces, ASTM BuLLETIN, No. 107, 
December, 1940, p. 25. 


Special mention should be made of 
the completion of an extensive research 
by Committee B-3 on the subject of 
Galvanic and Electrolytic Corrosion. 
The final report, which appears in the 
Proceedings® for 1939, gives the results 
of tests after seven years exposure in 
nine test locations representing sea- 
coast, industrial and rural atmospheres. 
All couple combinations of the following 
metals were included in these tests: 
aluminum, copper, iron, lead, nickel, 
tin, and zinc. Data from the thousands 
of tests are given in tabular form with 
discussion by the committee in charge 
and will be of great value to all who 
are concerned with this problem. 

Committee B-6 is about to undertake 
an extension of its program of research 
on die-cast metals and alloys, for which 
purpose it is planning to raise about 
$2000 from producers and consumers 
of these materials. 


Research on Standardization 
Measurements: 


of pH 


Committee E-9 has given careful 
consideration to the part that this 
Society might appropriately take in 
the proposed research on the standardi- 
zation of pH measurements which has 
been suggested to be carried out under 
the general auspices of the National 
Bureau of Standards. A questionnaire 
to ascertain the éxtent of interest of the 
Society in this subject was circulated 
among all standing committees. 
committees expressed direct interest 
in the proposed research, namely, Com- 
mittees D-6 on Paper and Paper Prod- 
ucts, D-12 on Soap and Other Deter- 
gents, D-13 on Textile Materials, and 
D-19 on Water for Engineering Pur- 
poses; doubtless other committees would 
have some interest in having the Society 
develop standard methods for making 
pH determinations, or more broadly, 


-hydrogen ion determinations. 


8 pee Am. Soc. Testing Mats., Vol. 39, p. 247 
39). 
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Committee E-9 has concluded that the 
Society is not in a position at this time 
to lend financial support to this research 
project. However, there seems defi- 
nitely to be a need for development of 
standard methods for hydrogen ion 
determination in certain fields in which 
the Society’s committees are engaged 
and Committee E-9 feels that A.S.T.M. 
might be able to make an effective 
contribution to the subject through the 
organization of a committee charged 
with the development of such methods. 

Such a committee could focus attention 
on the subject in the Society and would 
_ be in an excellent position to determine 
the degree of interest that the Society 


should properly have in any researches 


on this subject. 
_ Accordingly, Committee E-9 recom- 


mended to the Executive Committee of 


the Society that a Committee on Hydro- 
Jon Determinations be formed, 
either as a separate standing committee 


sor as a subdivision of Committee E-1 
on Methods of Testing as may appear 


desirable. Committee E-9 understands 
that Committee E-1 has recently agreed 
to form a Technical Committee of E-1 
on this subject. 


Proposed Research on Freezing-and-T haw- 
ing Tests: 


During the year the Executive Com- 
mittee referred to Committee E-9 a 


a proposal that had developed from its 


consideration of a Round-Table Dis- 
~ cussion on Freezing-and-Thawing Tests 
at the 1939 annual meeting, that there 
may be a need for a research committee 
to study the fundamental aspects of the 
phenomena of freezing and thawing of 
masonry and related materials. Con- 
sideration by Committee E-9 indicated 
the desirability of approaching the 
subject from the viewpoint of durability 
of such products in general and of 
_ conferring with other organizations that 


would have an important interest in 
research in this field, especially the 
Highway Research Board of the Na- 
tional Research Council, which has 
committees studying durability, and 
the American Concrete Institute. These 
organizations joined with this Society 
in holding a conference in Washington 
on May 27, 1940, attended by the 
leading investigators of the country in 
this field, at which it was decided to 
recommend that research in durability 
of concrete be developed under the 
guidance of a joint committee to be 
established by the three bodies named. 
Further consideration will be given 
to this subject by Committee E-9 
during the annual meeting. 


Research Activities of Other Societies: 


National Research Council.—The So- 
ciety is represented on the Division of 
Engineering and Industrial Research of 
this Council by L. M. Currie, and is also 
a member of the Highway Research 
Board of that Division, being repre- 
sented by Prévost Hubbard with F. E. 
Richart as alternate. The annual Pro- 
ceedings of the Highway Research Board 
covering its annual meeting in Decem- 
ber, 1939, contain many reports and 
papers in the Department of Materials 
and Construction that are of interest to 
this Society and that come quickly to 
the attention of appropriate A.S.T.M. 
committees through interlocking mem- 
berships. 

A.S.M.E. Research Committee on Me- 
chanical Springs.—The Society is repre- 
sented on this committee by C. T. 
Edgerton, chairman of the subcom- 
mittee on spring steel of Committee 
A-1. The committee is making slow 
but steady progress in the analysis and 
solution of various problems relating to 
helical spring design and is planning a 
research program on leaf springs. Ref- 
erence is made to the following two 
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of the American Society of Mechanical 
Engineers, December, 1939: ‘Helix 
Warping in Helical Compression 
Springs,” by D. H. Pletta and F. J. 
Maher, and ‘“‘Calculation of the Elastic 
Curve of a Helical Compression Spring,” 
by H. C. Keysor. 

Engineering Foundation—W elding Re- 
search Committee.—The Society is repre- 
sented on the Industrial Research Divi- 
sion of this committee by N. L. Mochel. 
Reference is made to a description of 
the work of this group in the December, 
1939, issue of ASTM BUvuLLETIN by 
its chairman, Col. G. F. Jenks. One 
specific project of direct interest to this 
Society is a study of the effect of carbon 
and manganese on the weldability of 
carbon steels. This project contem- 
plates ultimately the study of 20 com- 
positions of steel comprising five man- 
ganese ranges for each of four carbon 
ranges; a preliminary investigation will 
be carried out on the use of three steels 
of relatively low, medium, and rela- 
tively high combinations of carbon and 
manganese, for the purpose of develop- 
ing if possible a standard test for relative 
weldability of steels, before undertaking 
so comprehensive an investigation. A 
test for weldability is of particular im- 
portance to Committee A-1 on Steel in 
connection with the development of 
specifications for steels to be welded. 
The Industrial Research Division is 
raising a fund of $9000 to support this 
project, of which the majority will be 
contributed by the iron and steel in- 
dustry and by steel fabricators. Because 
of the importance of the work to this 
Society, Committee E-9 will contribute 
$250 from the Research Fund towards 
this project. 


American Coordinating Committee on 
Corrosion: 


The formation of this committee as a 
clearing house for information on corro- 
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59 
sion work was announced in the report 
of Committee E-9 a year ago, and the 
March, 1939, issue of ASTM BUvutteE- 
TIN carried an account of its organiza- 
tion and the work that is being planned. 
During the year the committee com- 
pleted its organization with the election 
of permanent officers: F. N. Speller, 
chairman; R. M. Burns, vice-chairman; 
and George H. Young, secretary. Com- 
pilation of a directory of research work- 
ers is nearing completion. A meeting 
of the committee is to be held during 
this annual meeting. 


Fundamental Research in the Society: 


Committee E-9 has considered the 
points developed in Dr. H. H. Lester’s 
interesting letter in the January, 1938, 
ASTM BUvuLLeETIN entitled “A.S.T.M. 
in Basic Research,”’ together with replies 
from various members of the Society 
published in the March and May BuLLE- 
TINS for that year. There are obviously 
a number of aspects to the subject and 
these have been rather fully discussed. 
It is the consensus of the committee 
that the distinction between “basic” 
and ‘‘applied” research is often difficult 
to define and that the Society is properly 
interested in any phase of research 
whether basic or applied that will pro- 
mote knowledge of materials, this being 
one of the purposes for which the Society 
is organized. In the words of one mem- 
ber, the Society is “vitally interested 
in the facts underlying tests and specifi- 
cations, no matter how deep it has to 
dig for them. But it should stick to 
that field for there is plenty to do in it.” 
On the whole, Committee E-9 feels 
that the research activities of the So- 
ciety as at present carried on are meet- 
ing the needs developed through the 
activities of the various committees, 
within the limitations imposed by the 
financial resources of the Society. 
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Administrative Matters: ‘an 


With this meeting the term of J. S. 
Miller expires and Arthur W. Carpenter, 
Manager of Testing Laboratories, The 
B. F. Goodrich Co., has been appointed 
for the term of five years. 

The principal of the A.S.T.M. Re- 
search Fund is now $27,491.15. Since 
the report a year ago the principal was 
augmented by $1250 from the entrance 
fees for 1939, $200 from current (1940) 
entrance fees, $3000 from entrance fees 
prior to 1937 that had been temporarily 
withheld from the Fund, and a small 
item of $8.47 profit on maturity of a 
bond. 

The balance of income in the Research 
Fund on May 31, 1940, was $824.23. 


This is after payment of the $775 
covering the projects on fatigue of 
metals, effect of speed of testing, pre- 
treatment in painting of steel, and 
determination of water vapor in gaseous 
fuels mentioned heretofore, but before 
payment of $250 appropriated to the 
Welding Research Committee of Engi- 
neering Foundation. The present an- 
nual available income from the principal 
of the Fund is about $950. 


Respectfully submitted on behalf of 
the committee, 


T. S. FULLER, 
Chairman. 


C. L. WaRw ICK, ii 
Secretary. 
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Piaeiiieni E- 100 on n Standards has had 
a fairly active year. Two meetings of 
the committee were held: in Phila- 
delphia, Pa., on August 24, 1939, and 
in New York, N. Y., on January 19, 
1940. 

The membership on Committee E-10 
of Cloyd M. Chapman and H. L. Curtis 
expired last year. The committee 
wishes to record its appreciation of the 
helpful and unstinted services of these 
men, Mr. Chapman having been a 
member of the committee since its or- 
ganization in 1929. The Executive 
Committee appointed F. E. Richart of 
the University of Illinois, and H. S. 
Vassar of the Public Service Electric 
and Gas Co. to serve as members of 
Committee E-10 for a three-year term, 
expiring in 1942. 

R. P. Anderson was elected chairman 
of the committee to fill Mr. Chapman’s 
unexpired term (until June, 1940). 

Jurisdiction over the Regulations 
Governing the Form but not the Sub- 
stance of Standards, formerly under 
Committee E-5 on Standing Com- 
mittees, was transferred to Committee 
E-10, and the Regulations were revised 
during the year. They had stood with- 
out revision since 1921 and since certain 
minor deviations had been found de- 
sirable in the arrangement of standards, 
the current practice and the Regulations 
were not entirely in accord. The 
changes made in the Regulations were 
for the purpose of converting them into 
a guide or set of recommendations 
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rather than a form to be rigidly adhered 
to; the title of the Regulations was 
accordingly changed to Recommenda- 
tions on the Form of Standards. The 
Recommendations as_ revised were 
printed in the 1939 Year Book of the 
Society. 

As in the previous year, a very con- 
siderable number of new tentative 
standards and revisions of existing 
standards and tentative standards have 
been submitted to Committee E-10 for 
approval, as given in detail later in this 
report. For the most part these were 
considered at the August meeting of the 
committee. 


ReEviEw OF A.S.T.M. STANDARDIZATION 
ACTIVITIES 


A general summary of the new and 
revised tentative standards submitted 
at the 1939 annual meeting was included 
in the August issue of the ASTM 
BULLETIN together with a review of the 
standardization work of the various 
committees, with statements concerning 
new standards in prospect. Much of 
the information, particularly with 
respect to standardization projects under 
development in committees, is furnished 
by the standing committees subsequent 
to the annual meeting and takes ad- 
vantage of the fact that many commit- 
tees plan their next year’s work at 
committee meetings held during the 
annual meeting. 

At the present writing, it is possible 
to make only a preliminary estimate in 
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terms of new and revised standards of 
the volume of standardization work 
accomplished during the year and re- 
ported to the Society at this meeting. 
The reports of standing committees to 
be presented at the annual meeting 
include recommendations to the Society 
substantially as follows: 


New tentative standards 

Revisions of existing tentative standards. . . 

Tentative revisions of existing standards. . . 

Tentative standards recommended for adop- 
tion as standard 

Revisions of existing standards recommended 
for adoption as standard 

Standards and tentative standards with- 
drawn or replaced 


There are at present 561 standards 
and 324 tentative standards of the 
Society, making a total of 885, and if 
the above recommendations are ap- 
proved this total will become 944. 


CONSIDERATION OF NEW AND REVISED 
STANDARDS 


Proposed new standards approved 
by Committee E-10 and published as 
tentative during the year are as follows: 


Tentative Specifications for: 


Manganese-Vanadium Steel Plates for Boilers 
ry and Other Pressure Vessels (A 225 —- 39 T), 
submitted by Committee A-1 on Steel, 
Electric Resistance-Welded Steel Boiler and 

Superheater Tubes for High-Pressure Serv- 
ice (A 226-39T), submitted by Com- 
mittee A-1, 
Hard-Drawn Steel Spring Wire (A 227 - 
39 T), submitted by Committee A-1, 
Steel Music Spring Wire (A 228 — 39 T), sub- 
mitted by Committee A-1, 
- Oil-Tempered Steel Spring Wire (A 229 - 
39 T), submitted by Committee A-1, 
- Carbon-Steel Valve Spring Quality Wire 
(A 230-39 T), submitted by Committee 
Chromium-Vanadium Steel Spring Wire 
(A 231-39T), submitted by Committee 
 A-l, 
_ Chromium-Vanadium Steel Valve Spring 
Quality Wire (A 232 - 39 T), submitted by 
Committee A-1, 
Tron and Steel Arc-Welding Electrodes 
(A233-40T), submitted by Committee 
 A-l, 


Wis 


Cast-Iron Pit-Cast Pipe for Water and Other 
Liquids (A 44 —- 39 T), submitted by Com- 
mittee A-3 on Cast Iron, 

Cast Iron Soil Pipe and Fittings (A 74 — 39 T) 
submitted by Committee A-3, 

Soft Rectangular and Square Copper Wire 
for Electrical Conductors (B 48 397), 
submitted by Committee B-1 on Copper 
and Copper Alloy Wires for Electrica] 
Conductors, 

Nickel-Copper Alloy Plate, Sheet, and Strip 
(B 127-39T), submitted by Committee 
B-2 on Non-Ferrous Metals and Alloys, 

Aluminum-Manganese Alloy Sheet and Plate 
for Use in Welded Pressure Vessels (B 126 - 
39 T), submitted by Committee B-7 on 
Light Metals and Alloys, 

Preformed Expansion Joint Fillers for Con- 
crete (Nonextruding and Resilient Types) 
(D 544-39T), submitted by Committee 
D-4 on Road and Paving Materials, 


’ 


Tentative Methods of: 


Chemical Analysis of Glass Sand (C 146- 
39 T), submitted by Committee C-14 on 
Glass and Glass Products, 

Hydrostatic Pressure Test on Glass Con- 
tainers (C 147 — 39 T), submitted by Com- 
mittee C-14, 

Polariscopic Examination of Glass Con- 
tainers (C 148 — 39 T), submitted by Com- 
mittee C-14, 

Thermal Shock Test on Glass Containers 
(C 149-39 T), submitted by Committee 
C-14, 

Testing Preformed Expansion Joint Fillers 
for Concrete (Nonextruding and Resilient 
Types) (D 545 — 39 T), submitted by Con- 
mittee D-4 on Road and Paving Materials, 

Test for Sieve Analysis of Mineral Filler 
(D 546-39 T), submitted by Committee 
D4, 

Test for Index of Dustiness of Coal and Coke 
(D 547 - 39 T), submitted by Committee 
D-5 on Coal and Coke, 

Test for Water-Soluble Acidity or Alkalinity 
of Paper (D548-39T), submitted by 
Committee D-6 on Paper and Paper 
Products, 

Test for Resin in Paper (D 549 - 39 T), sub- 
mitted by Committee D-6, 

Testing Glass Spool Insulators (D 550 - 39 T), 
submitted by Committee D-9 on Electrical 
Insulating Materials, 

Measuring Shrinkage from Mold Dimensions 
of Molded Materials Used for Electrical 
Insulation (D 551-39T), submitted by 
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ther Testing Sponge Rubber Products (D 552 - Fuel Oils (D 396 — 39 T), submitted by Com- 
om- 39 T), submitted by Committee D-11 on mittee D-2 on Petroleum Products and 
Rubber Products, Lubricants, 
T), Test for Viscosity and Total Solids Content Asphalt Filler for Brick Pavements (D 241 - 
a of Rubber Cements (D 553-39 T), sub- 39 T), submitted by Committee D-4 on 
Vire mitted by Committee D-11, Road and Paving Materials, 
T), Preparation of Micrographs of Metals and Primer for Use with Asphalt in Damp- 
per Alloys, Including Recommended Practice proofing and Waterproofing (D 41 - 39 T), 
‘cal for Photography as Applied to Metal- submitted by Committee D-8 on Bitumi- 
ae lography (E 2-39 T), submitted by Com- nous Waterproofing and Roofing Materials, 
trip mittee E-4 on Metallography, } 
ttee Radiographic Testing of Metal Castings Tentative Methods of: 
oys, (E15-39T), submitted by Committee Test for Dielectric Strength of Anodized 
late E-7 on Radiographic Testing, Aluminum (B 110-39T), submitted by 
: ‘ Tentative Classification of: — B-7 on Light Metals and 
. Austenite Grain Size as? Steels (E 19 - 39 T), Test for Loss on Heating of Oil and Asphaltic 
‘on- submitted by Committee E-4 on Metal- Compounds (D6-397), submitted b 
pes) lography, and Co ton D-4 R é d d Pavi y 
end mmittee on Road an aving 


Materials, 

Testing Varnishes Used for Electrical Insula- 
tion (D 115-39T), submitted by Com- 
mittee D-9 on Electrical Insulating Ma- 
terials, 

Test for Power Factor and Dielectric Con- 
stant of Electrical Insulating Materials 
(D 150-39 T), submitted by Committee 


Tentative Recommended Practice for: 


Conducting Plant Corrosion Tests (A 224 - 

39 T), submitted by Committee A-10 on 

16 - Iron-Chromium, Iron-Chromium-Nickel, 
and Related Alloys. 


Revisions of the following tentative 
standards and standards were accepted 


by Committee E-10: Sampling and Testing Untreated Paper Used 
Yon- in Electrical Insulation (D 202-39 T), 

Alloy-Steel Bolting Materials for High- Testing Flexible Varnished Tubing Used for 
ners Temperature Service from 750 to 1100 F., Electrical Insulation (D 350-39 T), sub- 
ttee Metal Temperatures (A 193 - 39 T), sub- mitted by Committee D-9, 

mitted by Committee A-1 on Steel, Testing Pin-Type, Lime Glass Insulators 
llers Seamless Carbon-Molybdenum Alloy-Steel (D 468-39 T), submitted by Committee 
ient Pipe for Service at Temperatures from D-9, 
‘om- 750 to 1000 F. (A 206-39 T), submitted Testing Hard Rubber Products (D 530- 
ials, by Committee A-1, 39 T), submitted by Committee D-11 on 
‘ler Alloy-Steel Castings Suitable for Fusion Rubber Products, 
tee Welding for Service at Temperatures from 

750 to 1100 F. (A217-39T), submitted Standard Specifications for: 
‘oke by Committee A-1, Electric-Resistance-Welded Steel and Open- 
ttee Brass Sheet and Strip (B 36-39T), sub- Hearth Iron Boiler Tubes (A 178 - 37), 

mitted by Committee B-5 on Copper and submitted by Committee A-1 on Steel, 
nity Copper Alloys, Carbon-Steel and Alloy-Steel Forgings (A 18 - 

by Copper-Silicon Alloy Plate and Sheet (B 96 - 30), in the form of new Tentative Specifica- 

aper 39 T), submitted by Committee B-5, tions for Carbon-Steel Forgings (A 18 - 

Leaded Brass Sheet and Strip (B 121 — 39 T), 39 T), submitted by Committee A-1, 

submitted by Committee B-5, 
sub- Leaded-Nickel-Brass and Leaded-Nickel- Standard Methods of: 

Bronze (Nickel-Silver) Alloys in Ingot Sampling and Testing Brick (C 67 - 39), in 
) 7), Form for Sand Castings (B 123-39T), the form of new Tentative Method of 
rical submitted by Committee B-5, Freezing-and-Thawing Test of Brick | 

Sewer Brick (Made from Clay or Shale) (C 67-—39T), submitted by Committee 
sions (C 32-—39T), submitted by Committee C-15 on Manufactured Masonry Units, 
rical C-15 on Manufactured Masonry Units, Testing Molded Materials Used for Electrical 
| by Building Brick (Made from Clay or Shale) Insulation (D 48 - 39), submitted by Com- 


(C 62 - 39 T), submitted by Committee 
C-15, 


mittee D-9 on Electrical Insulating Ma- 
terials, 
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_ Test for Grading and Classification of Natural 
Mica (D 351-38), in the form of new 
_ Tentative Method of Test for Power 
Factor and Dielectric Constant of Natural 
Mica (D 351-39 T), submitted by Com- 
mittee D-9, and 
- Test for Rockwell Hardness of Metallic 
Materials (E 18 — 36), in the form of new 
Tentative Method of Test for Rockwell 
. Superficial Hardness of Metallic Materials 
 (E18-39T), submitted by Committee 
E-1 on Methods of Testing. 


The withdrawal of the following 


standards and tentative standards was 
approved by Committee E-10: 


Standard Specifications for: 


Marine Boiler Steel Plates (A 114-33), 
recommended by Committee A-1 on Steel, 


Standard Recommended Practice for: 


_ Radiographic Testing of Metal Castings 
(E 15-29), recommended by Committee 
& E-7 on Radiographic Testing, 


Standard Rules: 


Governing the Preparation of Micrographs 
te of Metals and Alloys, Including Recom- 
Photography as 
Metallography (E2- 36), 
E-4 on 


Pr mended Practice for 


Applied to 
recommended by 
Metallography, 


Standard Grain Size Chart: 


for Classification of Steels (E 19 - 33), rec- 
ommended by Committee E-4, 


vee 

Tentative Specifications for: 

i Iron and Steel Filler Metal (Arc-Welding 
Electrodes and Gas-Welding Rods) (A 205 - 
37 T), recommended by Committee A-1 on 
Steel, 

Quicklime for Structural Purposes (C 5- 
34 T), recommended by Committee C-7 on 

Lime, 

Hydrated Lime for Structural Purposes 

(C 6-34T), recommended by Committee 

C-7, and 


Tentative Grain Size Chart: 


for Classification of Steels (E 19 - 38 T), rec- 
ommended by Committee E-4 on Metal- 
lography. 
ts 


Committee 


PROMOTION AND EXPANSION OF 
STANDARDIZATION ACTIVITIES 


One of the functions of Committee 


E-10 is to give consideration to new 


work that should be undertaken and 
fields in which there is definite demand 
that standards be developed. While 
several projects are now before the com- 
mittee for consideration, the committee 
is not as yet prepared to make any 
definite recommendations concerning ex- 
pansion of the Society’s standardization 
work in the immediate future. 


RELATIONS WITH AMERICAN STANDARDS 
ASSOCIATION 


Standards Submitted Under Existing 
Standards and Proprietary Procedure.— 
The existing standard method for sub- 
mitting standards to the American 
Standards Association, whereby it is 
necessary to show that the standard is 
supported by the necessary consensus 
of those substantially concerned with its 
scope and provisions, is particularly 
appropriate for a large number of 
A.S.T.M. standards. Under this pro- 
cedure the following standards have 
been approved during the year by the 
A.S.A. as American standard: 


Standard Specifications for: 


Round Timber Piles (D 25 - 37; A.S.A 06— 
4939), and 
Structural Wood Joist and Plank, Beams and 
Stringers, and Posts and Timbers (D 245 - 
37; 07—1939). 


The Society has been granted pro- 
prietary sponsorship for the revisions of 
standards approved under the existing 
standards method and, functioning as 
proprietary sponsor, it has submitted 
to the A.S.A. during the year revisions 
of the following standards, all of which 


have been approved: 


Standard Specifications for: 


Steel for Bridges and Buildings 3 (AT7- 39; 
G24—1939), 

Mild Steel Plates (A 10-39; G20—1939), 

Billet-Steel Bars for Concrete Reinforcement 
(A 15 - 39; A50.1—1939), 

Alloy-Steel Bolting Material for High- 
Temperature Service (A 96-39; G17.2— 
1939), 
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Forged or Rolled Steel Pipe Flanges for 
High-Temperature Service (A 105 - 39; 
G17.3—1939), 

Structural Rivet Steel (A 141-39; G21— 
1939), 

Uncoated Wrought-Iron Sheets (A 162 - 39; 
G23—1939), 

Copper Water Tube (B 88-39; H23.1— 
1939), 

Gypsum Plasters (C 28-39; A49.3—1939), 

Zinc Oxide (D 79 — 39; K22—1939), 

Red Lead (D 83 — 39; K24—1939), 

Prussian Blue (D 261 — 39; K29—1939), 

Reduced Para Red (D 264 — 39; K31—1939), 

Titanium Dioxide Pigments (D 476-39; 
K45—1939), 

Tentative Specifications for: 

Copper-Base Alloy Forging Rods, Bars, and 
Shapes (B 124 — 39 T; H7—1939), approved 
as American tentative standard, 


Standard Methods of: 


Chemical Analysis of White Pigments (D 34 - 
39; KiS—1939), 

Test for Specific Gravity of Pigments (D 153 - 
39; K41—1939), and 

Testing Woven Textile Fabrics (D 39 — 39; 
L5—1939). 


Standards Submitted Under Sectional 
Committee Procedure.—Reports were re- 
ceived from a number of the sectional 
committees for which the Society is 
sponsor, submitting standards to the 
AS.A. for approval. These reports 
were transmitted to that association 
and the following standards have been 
approved during the year as American 
standard, with the exception of one 
which was approved as American tenta- 
tive standard, as indicated: 


¢ 


On the Recommendation of Sectional Committee 
A21 on Cast-Iron Pipe and Fittings: 


Specifications for Cast-Iron Pit-Cast Pipe 
for Water and Other Liquids (A 44 — 39 T; 
A.S.A. A21.2—1939). 


On the Recommendation of Sectional Committee 
B36 on Standardization of Dimensions and 
Materials of Wrought-Iron and Wrought- 
Steel Pipe and Tubing: 


Specifications for Welded Wrought-Iron Pipe 
(A 72-39; B36.2—1939), 

Specifications for Lap-Welded and Seamless 
Steel Pipe for High-Temperature Service 
(A 106 39; B36.3—1939), 


Specifications for Electric-Fusion-Wélded 
Steel Pipe (Sizes 30 in. and Over) (A 134 - 
39; B36.4—1939), and 

Specifications -for Electric-Fusion-Welded 
Steel Pipe (Sizes 8 in. to but not Including 
30 in.) (A 139 — 39; B36.9—1939). 


On the Recommendation of Sectional Committee 
C59 on Electrical Insulating Materials: 


Specifications for Rubber Insulating Tape 
(D 119 38; C59.6—1939), 

Methods of Testing Molded Materials Used 
for Electrical Insulation (D 48-39; 
C59.1—1940), and 

Methods of Test for Insulation Resistance of 
Electrical Insulating Materials (D 257 — 38; 
C59.3—1939). 


On the Recommendation of Sectional Committee 
H4 on Copper Wire: 


Specifications for Hard-Drawn Copper Wire 
(B 1 — 39; H4.2—1940), 

Specifications for Medium-Hard-Drawn Cop- 
per Wire (B 2 —- 39; H4.3—1940), 

Specifications for Soft or Annealed Copper 
Wire (B 3 —- 39; H4.1—1940), 

Specifications for Tinned Soft or Annealed 
Copper Wire for Electrical Purposes 
(B 33 —- 39; H4.4—1940), 

Specifications for Bronze Trolley Wire 
(B 9 - 39; H4.5—1940), 

Specifications for Copper Trolley Wire (B 47 — 
39; H4.6—1940), and 

Specifications for Hot-Rolled Copper Rods 
for Electrical Purposes (B 49 - 39; H4.7— 
1940). 


On the Recommendation of Sectional Committee 
M20 on Classification of Coals: 


Definitions for Commercial Varieties of 
Bituminous and Subbituminous Coals 
(D 493 — 39; M20.4—1939). 


On the Recommendation of Sectional Committee 
Z11 on Petroleum Products and Lubricants: 


Method of Test for Cloud and Pour Points 
97 — 39; Z11.5—1939), 

Method of Test for Distillation of Natural 
Gasoline (D 216-39; Z11.11—1939), 

Method of Test for Sulfur in Petroleum Oils 
by Bomb Method (D 129-39; Z11.13— 
1939), 

Method of Test for Thermal Value of Fuel 
Oil (D 240 — 39; Z11.14—1939), 

Method of Test for Carbon Residue of 
Petroleum Products (Conradson Carbon 
Residue) (D 189 - 39; Z11.25—1939), 

Method of Test for Gravity of Petroleum and 
Petroleum Products by Means of the 
Hydrometer 287 — 39; Z11.31—1939), 
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Method of Test for Burning Quality of 
Kerosine Oils (D 187 - 39; Z11.17—1939), 

Method of Test for Knock Characteristics 
of Motor Fuels (D 357-39; Z11.37— 
1939), 

Viscosity-Temperature Charts for Liquid 
Petroleum Products (D 341 — 39; Z11.39— 
1939), 

Definitions of Terms Relating to Petroleum 
(D 288 — 39; Z11.28—1939), and 

Tentative Method of Test for Color of 
Lubricating Oil and Petrolatum by Means 
of A.S.T.M. Union Colorimeter (D 155 - 
39 T; Z11.34—1939), approved as American 
tentative standard. 

The Method of Test for Expressible Oil and 
7% Moisture in Paraffin Waxes (D 308-29T; 
+f Z11.27—1932) which had been approved as 

American tentative standard was withdrawn. 


: Sectional Committee M20 on Classifica- 

tion of Coals.—During the year Sectional 
Committee M20, for which the Society 

was sponsor, completed its work and was 
discharged. The work of this committee 


was initiated in 1926. Following several 
years of active research the committee’s 
work led to the approval of four stand- 
ards which represented the completion 
of its assignment. With the discharge 
of the committee, the Society has been 
granted proprietary sponsorship for 
future revisions of the four standards, 
which have been placed under the 
jurisdiction of Committee D-5 on Coal 
and Coke. Arrangements have been 
made for representation on Committee 
D-5 of any organizations formerly on 
the sectional committee. 


Respectfully submitted on behalf of 
the committee, 
R. P. ANDERSON, 
Chairman. 
C. L. WARWICK, 
Ex-officio Secretary. 
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Tus PURPOSE of the Edgar 

Marburg Lecture is to have described at the annual meet- 
of the American Society for Testing Materials, by lead-_ 
| 

ers in their respective fields, outstanding developments in _ 

the promotion of knowledge of engineering materials. 

Established as a means of emphasizing the importance 7 


promoting knowledge of materials, the Lecture honors and ~ 
_ perpetuates the memory of Edgar Marburg, first secretary i 


of Society. 
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FIFTEENTH EDGAR MARBURG LECTURE! 


Definition of Portland Cement: 


If it were possible tersely and ade- 
quately to define portland cement, the 
development of the subject matter of 
this lecture would follow quite different 
lines from those which will be pursued. 
I believe the greater part of this audience 
could define this commodity in a manner 
at least satisfying to themselves. The 
word “cement” is sufficiently indicative 
and well enough understood to enable 
practically all to assert it to be a bonding 
material. But “portland’’ fails entirely 
to be a leading word and enlightening 
enough to permit one to make an intelli- 
gent guess. Indeed, this latter word has 
historical significance alone and was used 
originally to identify a new type of ce- 
ment on the basis that its hydrated 
products had a fancied resemblance to 
Portland limestone in England. If you 
held that this cement is an inorganic one 
and thus distinguish it from the organic 
cements or glues or adhesives, you would 
have placed it in its proper and more 
restricted class. But we would be far 
from knowing what it is. 

The standards of this Society, more- 
over, do not help much in this matter. 
Until 1938 all its cement standards con- 
tained a paragraph indented as ‘“‘defini- 


1Read on June 26, 1940, before the Annual Meeting of 
a American Society for Testing Materials, Atlantic City, 


* Chief, Clay and Silicate Products Division, National 
Bureau of Standards, Washington, 
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PORTLAND CEMENT 


'THEORTES (PROVEN AND OTHERWISE) AND SPECIFICATIONS 


tion.”” The assembly of words contained 
therein indicated in a very general way 
how this commodity should be produced. 
Nothing was stated regarding how it 
should function in use. Only by assum- 
ing that the defined material was to meet 
the requirements later stated in the 
specifications could one form a very gen- 
eral idea as to how it is supposed to act. 
Since that date the definition as such has 
been dropped. In reality one cannot 
define portland cement in the manner 
used by writers of dictionaries. The 
possible best that can be done is to refer 
to it as largely a mixture of finely ground 
synthetic highly basic lime silicates with 
which are present lesser amounts of 
highly basic lime aluminates, lime alu- 
mino-ferrates, and solid solutions of these 
with (or compounds of) the many adven- 
titious oxides found in clays, limestones, 
and the other raw materials used in 
cement manufacture. The chemical 
analysis of this heterogeneous powder 
must show it to be within certain speci- 
fied chemical limits. It must also be 
capable of reacting with water to form a 
bonding agent able to meet certain speci- 
fied physical tests. Needless to say this 
“possible best” definition is quite in- 


adequate. 
The History of Portland Cement: a 


It is about as difficult to give the his- 
tory of portland cement briefly and cor- 
rectly as it is to define it. Although a 


ub 
/ 
a 
=. 
4 


patent was given to Aspdin in England, 
in 1824, to make a product which would 
now be considered portland cement had 
he actually made it, the compositional 
nature of this material was well known 
before then. Aspdin really happened to 
be sufficiently commercially minded to 
patent what others, unknown to him, 
had already indicated would be a valu- 
able hydraulic bonding material. Vicat 
in France, and John in Germany, ten to 
twelve years previously had announced 
facts similar to those upon which Aspdin 
based his patent claims. Further, Vicat 
called attention to the hard clinker which 
remained after burning and hydrating 
the impure limes used in making hydrau- 
lic lime. He also pointed out that this 
hard clinker, which was within the range 
of compositions of our present high-limed 
portland cements, would on grinding set 
and harden in a way superior to the 
cements then available. But he added 
that he doubted if this superiority was 
sufficient to justify the extra grinding 
costs and let the matter drop at this. 
It should be remembered in regard to 
Aspdin and his product that his patent 
did mot call for heating to “incipient 
fusion’’—the positive criterion of port- 
land cement which so long graced this 
Society’s standards for this commodity. 
His patent called for decarbonation, 
since it stated “calcine ... till the car- 
bonic acid is expelled.”’ Hence, he pro- 
duced but a synthetic hydraulic lime, 
which differed from the hydraulic limes 
then in use in that it was reduced to a 
powder by grinding rather than by par- 
tial hydration. 

Since it appears very probable that 
the heating of the raw materials to a true 
clinkering was not put into effect until 
ten to twenty years after Aspdin ob- 
tained his patent, we can place an age of 
about 100 years on portland cement. 
Do not conclude that hydraulic cements 
(those which harden under water) were 
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not known earlier. Early Roman struc- 
tures show the use of such products, 
Those used then were mixtures of lime 
and volcanic ash, later mixtures of lime 
and calcined ground clay. At some un- 
known period someone burned limestone 
containing silica and alumina as impuri- 
ties and found he had what we would 
now class as a hydraulic cement and 
might be referred to either as hydraulic 
lime, natural cement, or Roman cement, 
depending upon manufacturing pro- 
cedures. 

In the United States the first hydrau- 
lic cements produced were of the natural 
type and originated in New York State 
in what is referred to as the Rosendale 
District. Later the industry spread to 
the Lehigh Valley of Pennsylvania. In 
both of these sections an impure lime- 
stone was available which, with no addi- 
tions before burning, yielded on grinding 
after burning an excellent hydraulic 
cement. With the introduction into the 
industry of the rotary kiln, a distinctly 
American development which has had 
world-wide adoption, we have the real 
start of the portland cement industry in 
the United States. This development 
necessitated the grinding of the raw 
materials before introduction into the 
kiln. This readily permitted of main- 
taining uniform composition of the raw 
material through analyses and adjusting 
and the blending of two or more raw 
materials of somewhat different composi- 
tion. This blending and grinding of raw 
materials is the outstanding distinction 
between natural and portland cement. 

It should be of more than passing 
interest to note that Brooklyn Bridge 
stands upon foundations of natural ce- 
ment. As the true natural cements in 
this country were gradually but never 
entirely displaced by true portland ce- 
ments, there was a period of blending the 
two. A noteworthy use of such a blend 
is the elevated road approaching Broad 
Street Station in Philadelphia. 
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What Is Portland Cement? 


Since this brief historical background 
in no way indicates what portland ce- 
ment is basically, it becomes needful to 
give some time to presenting certain of 
the known facts and many of the uncer- 
tainties in this respect. I have referred 
to hard lumps of clinker noted by Vicat 
in his production of hydraulic lime. 
About 60 years later a young French- 
man spent his early life near a cement 
plant in France where such hard lumps 
were still being obtained but now ground 
to a fine powder and sold as grappier ce- 
ment. He became so interested in these 
that he chose a study of them as the basis 
for his Doctorate degree. Asa result we 
have the early classic piece of research 
on the nature of portland cement en- 
titled, “Experimental Researches on the 
Constitution of Hydraulic Mortars,” by 
Henri Le Chatelier who later became 
such an eminent teacher and authority 
in pyrometry, metallurgy, and many 
fields of industrial chemistry, and who 
remained until his death a consultant to 
France’s largest cement producer. 

Although many other earlier and later 
workers have made valuable contribu- 
tions on the nature of cement, they will 
be passed over. Le Chatelier’s work is 
so conspicuous in that with what would 
now be considered rather inadequate 
observations and data, he indicated that 
the major constituents of cement were 
those that much refined exacting work 
has since confirmed. He prepared tri- 
calcium silicate (3CaO-SiOz) and be- 
lieved it to be the only essential constit- 
uent that contributed to the hardening 
of cement. He also prepared dical- 
cium silicate (2CaO-SiO2), tricalcium 
aluminate (3CaO-Al,O3) and other lime 
aluminates, and what he believed to be 
a tricalcium alumino-ferrate (3CaO- 
Al,O;-Fe,O3) compound. He also called 
attention to the colored flux which fills 
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the voids between the crystals in the 
clinker. Hence, he was aware of the 
four major constituents (3CaO-SiO:: 
2CaO-Si02:3CaO-AlO; and 4Ca0- 
Al,O;-Fe,0;—if we assume his 3CaO- 
Al,O;-Fe,0; was what is now known 
to contain more lime) now for some time 
accepted as being the major compounds 
present in portland cement, as well as 
the flux or glass which so many still 
hesitate to acknowledge as a prominent 
partof cement. Hebelieved that only the 
tricalcium silicate played any significant 
part in the hardening processes, and 
that “the dicalcium silicate can only 
take a secondary part, if any, in the 
hardening of cements.” Also in spite of 
his leaving the tricalcium aluminate 
mostly out of the picture as a clinker 
mineral, he goes into some detail regard- 
ing its hydration and its effect on disin- 
tegration of cement under unfavorable 
conditions. 

The most excellent work done abroad 
and in this country since Le Chatelier’s 
time has confirmed most of his findings 
and extended them to give the proper 
place to the dicalcium silicate and the 
lime alumino-ferrate, but has left the 
tricalcium aluminate and the flux (or 
better glass) still conspicuously uncer- 
tain. Uncertainty still remains as to — 
the nature of the role of the always pres- 
ent so-called minor oxides. These in- 
clude MgO, Na,O, FeO, TiOs, 
Mn,O;, and P:O0; which will average a 
total of about 4 per cent for the cements 
of the entire country, but in some cases 


will amount to 6 per cent. They should 


be considered minor only because our _ 
knowledge of the nature of their exist- 
ence is meager or minor. They consti- 
tute a total that should justify our being 
concerned about accepting the premise 
that they may be ignored (especially in 


studying the physical properties of ce- 


ment); that the only compounds in 
‘cement are the two lime silicates, the _ 
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lime aluminate, and the lime ’alumino- 
ferrate; and that the latter compounds 
exist in a pure form, calculable as to 
amounts from the percentage of their 
component oxides found by analysis of 
the cement. 

In the past several decades investiga- 
tors have studied such ternary systems as 
Si02— AlO;— CaO : 
CaO—FeO—SiO2, etc., parts of the 
quaternary system CaO—SiO.—Al,0;— 
Fe,O; and other oxide systems of interest 
to those studying cement. Data con- 
cerning the phase equilibria in these have 
been painstakingly obtained by not only 
one worker but frequently by several. 
The compounds noted were critically 
examined and their chemical, micro- 
scopical, and X-ray characteristics de- 
termined in accurate detail. By means 
of such data it may be possible to predict 
the state of equilibrium in clinker, pro- 
vided that among other criteria the con- 
ditions of heating and cooling and the 
maximum temperature of burning are 
known and on the premise that all the 
lesser oxides in the mix have no effect 
upon the equilibria of the four major 
ones. Those of you who are metallur- 
gists and know the tremendous effect on 
equilibria of slight changes in tempera- 
ture and rates of cooling and of minor 
constituents of the melts will readily 
appreciate the questionable accuracy of 
predictions not carefully considering 
such effects. 

It is much to be regretted that the 
procedure adopted by Térnebohm in the 
latter part of the last century and for 
quite a period followed by others abroad 
was not adopted by students of cement, 
particularly in France and the United 
States. He, instead of applying chemi- 
cal formula and names to the crystals he 
noted in sections of clinker, followed the 
practice of mineralogists and described 
them under such names as alite, belite, 


celite, etc. Although :the mineralogist 
may assign a chemical formula to a 
mineral, neither he nor others familiar 
with mineralogy assume that the mineral 
is of the purity indicated by the formula. 
He does not assume that an excellent 
crystal identified as the feldspar ortho- 
clase to ‘which the formula K Al Si,O,; 
is assigned contains these elements and 
these only in the amounts calculable 
from the formula. On the contrary, he 
knows that adventitious elements are 
present. The mineralogist assigns the 
formula AlO; to each of the precious 
gems ruby, sapphire and emerald, and he 
does not need to recall that marked dif- 
ference in physical property—their color 
—to remind him that they are not chemi- 
cally pure Al,O;. Hence, due to the un- 
fortunate idea of so many that the com- 
pounds seen in, or reported to be in, or 
calculated to be in commercial portland 
cement clinker must be of the unques- 
tioned chemical purity indicated by their 
formulas, I am compelled heartily to 
support the plea of Forsen, made at the 
Symposium on “The Chemistry of Ce- 
ments,” held at Stockholm, 1938. He 
states: 


“T also wish to take the opportunity to 
touch upon a question of nomenclature. 
The clinker minerals are formed in a similar 
way to many natural ones, and we know 
that these generally are contaminated with 
impurities. We also know that alite differs 
somewhat from pure 3CaO- SiO: with regard 
to X-ray pattern—maybe on account of a 
certain content of aluminate, that belite can 
be yellowish, possibly on account of a certain 
iron content—and that celite probably con- 
tains some MgO... .It appears to me that 
the existing differences between the pure 
clinker components and the minerals present 
in clinker—especially between 3CaO- SiO: 
and alite—argue in favor of retaining the 
old names alite, belite, and celite for the 
clinker minerals’ and reserving the chemical 
formulae for the synthetic compounds. . . ” 


ace 
Reac 
a dis 
| hydi 
| field 
figut 
gati 
ries 
Se out 
ant 
man 
enin 
agg! 
= reali 
lutic 
sign 
men 
not 
reac 
= 
can 
the 
the 
pres 
: cast 
cer 
Hy 
no 
opt 
mu 
He 
be 
1 
tion 
pro 
to. 
pre 
of 
| mu 
ray 
no 
(P; 
i ai | 


BATES ON PORTLAND CEMENT 


Reactions of Cement with Water: 

It is not the intention here to go into 
a discussion of the chemical processes of 
hydration.’ The investigations in this 
field have been many and the conclusions 
figuratively far outnumber the investi- 
gations. But from the mass of theo- 
ries propounded it is possible to pick 
out a consensus regarding the result- 
ant of the hydration phenomena as 
manifested by the rates of setting, hard- 
ening, evolution of heat, of attack by 
aggressive salt solutions, etc. Please 
realize that in the previous sentence the 
phrase “rates of setting, hardening, evo- 
lution of heat, ..., etc.,” has a definite 
significance. When once portland ce- 
ment is mixed with water, it were better 
not to speak of hydrated cement, but 
always rather of hydrating cement. The 
reaction is one which continues, if water 
can have access to all the grains, until 
the constituents are broken down into 
the hydrates of the oxides originally 
present (or carbonates of these if in some 
cases carbon dioxide is available). Then 
cementitious products no longer remain. 
Hydration extends from a minimum of 
no commercial significance through an 
optimum of greatest value to a maxi- 
mum—again of no commercial value. 
Hence, all the physical properties must 
be defined as of a specific stated time. 

The studies of the rates of the reac- 
tions of water with the impure com- 
pounds referred to as being present in 
ground clinker enable one to assign ap- 
proximately quantitative relative values 
to each of these for each of the physical 
properties. Thus, the rate of hydration 
of the lime aluminate to which the for- 
mula 3CaO-AlO3 is assigned is more 
rapid than any of the other compounds 
now identified in portland cement. 
(Parenthetically, we are stating this fact 


*Herein hydration is used as including hydrolysis. 


¢ é 


in this manner because judging by the 
extremely rapid rate at which the alkalies 
Na,O and can be removed from 
cement, it would seem that the com- 
pounds, as yet unidentified, which con- 
tain these hydrate more rapidly than the 
just cited aluminate.) Next in order is 
the lime alumino-ferrate (to which the 
formula 4CaO-AlO;-Fe,O; is given), 
then the high-limed silicate (more or less 
impure 3CaO-SiOz), and lastly the low- 
limed silicate (possibly even more im- 
pure 2CaO-SiO2). There is left out of 
the discussion almost entirely the role of 
the “glass” even though this may exceed 
in amount that of both the aluminate 
and alumino-ferrate. This is necessary 
because of our dearth of information 
regarding the nature of the hydration of 
this, at times the third in amount, con- 
stituent of portland cement. 

It is desirable to consider next the 
physical properties attributed to the 
hydrated products of each of the cement 
compounds. Much of our information 
in this respect has been obtained from 
the pure compounds prepared from pure 
oxides. We can formulate from such 
data a.rather good idea of the relative 
part each compound may contribute to 
any one physical property in a commer- 
cial cement, neglecting the “glass,” 
which most unfortunately must be left 
out of the present picture. The high- 
limed aluminate, which at times is very 
difficult to detect in clinker either micro- 
scopically or by X-rays and in the major- 
ity of cases impossible to detect by these 
critical means, reacts so rapidly that all 
its physical effects are attained in about 
24hr. In the pure condition it reacts as 
rapidly as ground quicklime. Its total 
heat of hydration is approximately 200 
cal. per g. and practically all of this is 
evolved in 24 hr. The pure lime alu- 
mino-ferrate evolves about half this 
quantity of heat, and requires approxi- 
mately a month to do so. The high- 
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limed silicate in about one month evolves 
nearly all of its total heat of 120 cal. 
per g., while the dicalcium silicate has 
generated but little at the end of 7 days 
and requires a year to develop all of its 
total heat of approximately 60 cal. 
From such data it is possible to esti- 
mate very approximately the heat of 
hydration of any cement from its chemi- 
cal analysis. If the cement is high in 
alumina and lime and low in silica and 
iron oxide, it will contain predominantly 
the high-limed aluminate and silicates 
and hence will generate a large amount 
of heat. In large masses of concrete 
where the interior conditions approach 
adiabatic ones, a high temperature will 
be reached at about the same time rigid- 
ity will be attained. As the exterior 
cools to atmospheric temperatures the 
resulting differences in volume between 
the exterior and the interior may cause 
cracking. Hence, if one wishes to 


remedy this condition one of the ways 


which suggests itself is through such 
chemical limitations as will bring about 
the presence of those constituents in the 
cement as have low heat of hydration 
and rates of heat evolution. However, 
to be sure that this result has been ob- 
tained the heats of hydration at certain 
specified ages should be determined by 
calorimetric methods. 

Although recently the heat of hydra- 
tion of cement has been discussed so 
much due to the great amount of con- 
struction of dams where the sections are 
massive, the strength which a cement 
may attain on hardening still occupies 
our attention to the major degree. The 
pure cement compounds have now been 
studied for several decades as to the rate 
of attaining strength. Also a large num- 
ber of carefully chemically analyzed com- 
mercial cements have been made into 
specimens whose strengths have been 
determined at many ages. Also such 
other properties as volume changes, re- 
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sistance to freezing and thawing, heat of 
hydration, etc., have been ascertained, 
The percentages of the four major con- 
stituents in each of these cements were 
calculated by methods based upon a 
number of premises, outstanding among 
which are that the major oxides combine 
to form pure compounds, and that the 
minor oxides do not combine with the 
major ones or enter into (or influence the 
properties of) the major compounds. 
Then equations have been set up for each 
cement in which the sum of the per- 
centages of each constituent equals the 
strength, heat of hydration, volume 
change, or what have you, at any age. 
Having at hand as many equations as 
cements, the contribution of each com- 
pound to any property has been calcu- 
lated by the method of least squares. 

As a result of the use of both of the 
above procedures, there are at hand 
many data of use in predicting the physi- 
cal characteristics of a hydrated cement 
from a chemical analysis of the non- 
hydrated material. From such data we 
know that the lime aluminate or the 
lime alumino-ferrate develops so little 
strength that the alumina and iron oxide 
may be ignored in this respect. The 
high-lime silicate, and consequently a 
high-lime low-silica cement, attains the 
greater part of its strength in a month; 
while the low-limed silicate unless ex- 
tremely finely ground and in the presence 
of other materials which act somewhat 
catalytically, at the same age has de- 
veloped hardly a tenth of the strength of 
the other silicate. By the end of a year 
the strength of the two types of silicates 
shows practically no difference. 

We will continue further in this phase 
of our subject, which to many is so trite, 
only with some remarks regarding dura- 
bility, both in reference to natural weath- 
ering agencies and to aggressive salts, 
such as soluble neutral or acid sulfates. 
Here our data are much more meager 
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than in the case of strength or heat of 
hydration. But they do show such a 
trend that we can conclude that many of 
the commercial cements would be im- 
proved as to durability if the alumina 
and iron oxide were reduced to a mini- 
mum that in some cases would cause 
manufacturing difficulties. The rela- 
tive value of the two silicates in respect 
to durability is known with less assur- 
ance. Possibly if all concrete, regard- 
less of whether made of a high- or low- 
silica cement, could be protected for six 
months and ideally cured, it would be 
found that thereafter the two silicates 
would deport themselves alike in regard 
to permanency. 


New Specifications for Cement: 


Those of you who have been reasoning 
a little faster than our subject has been 
developed have already concluded that 
in so far as judging the quality of a 
cement or in so far as the writing of a 
specification for this commodity is con- 
cerned, all that is needed is the use of 
chemical analyses and chemical limita- 
tions. It is to be confessed that there 
are a goodly number who apparently be- 
lieve just so. If we will critically and 
unbiasedly examine the wealth of data 
at hand, we will conclude that such is 
not entirely the case and also that there 
is not only an outstanding lack of the 
needed physical tests but also an equally 
outstanding lack of effort to develop 
such tests. This is due to the fact that 
within the past decade there has been 
brought to the fore, and recently to a 
head, the agitation against one standard 
for cement and for the recognition of 
standards for five types. It happens 
that within that period, having started 
with emphasis on chemical composition, 
the discussion has centered around that 
thought. The need of physical tests was 
recognized, but thought of the difficulties 
to be encountered in ee them at 
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all times prevented overcoming the iner- 
tia of getting under way. But now at 
this annual meeting, with the Society 
considering the acceptance of tentative 
specifications for five types of cement in 
which chemical requirements are so out- 
standing and physical requirements so 
dimly visible, it seems time to start 
active work in developing physical tests 
despite the visioned difficulties—and the 
difficulties are more of vision than of fact. 

As Chairman of Committee C-1 on 
Cement, I have called the committee’s 


ALTERNATIONS OF FREEZING AND THAWING REQUIRED 
FOR 0.4% EXPANSION 


LIMIT 
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Fic. 1.—Relation Between C;A in Cement and 
Resistance to Freezing and Thawing. 


attention to the fact that the new tenta- 
tive specifications are a striking outline 
of the needed active work. Without 
speaking disparagingly of the new speci- 
fications, may I say that they are as good 
as an outline of research, through their 
inadequacies, as they are good purchase 
specifications,—and they are good pur- 
chase specifications regardless of their 
inadequacies. But more of the stand- 
ards later, and before considering them, 
may I be pardoned for presenting one 
more thought regarding chemical com- 
position (or compounds), physical prop- 
erties and specifications in general. 

- For the purpose of illustrating my 
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thought, there is presented a graph 
(Fig. 1) through the courtesy of the 
Public Roads Administration, which it 
prepared from some data obtained from 
the laboratory of the Portland Cement 
Association. In this graph the relation 
between the calculated lime aluminate 
content of some cements and the expan- 
sion of some specimens of these subjected 
to alternations of freezing and thawing 
is shown. This was used in part in aid- 
ing in setting the limit on the permissible 
amounts of the calculated 3CaO- Al.O3 in 
the proposed tentative specifications for 
type II cement. These data have been 
used to show: 

1. There is a positive trend in the rela- 
tion between the amount of this com- 
pound and the resistance to freezing and 
thawing, 

2. There is a positive lack of trend in 
this relation, 

3. There is a trend sufficient to justify 
the use of the 8 per cent limit presented 
in the new standard. 

Now, let us lay aside our role of a speci- 
fication writer guarding the interests of 
the consumer and put ourselves in the 
position of the manufacturers of the two 
cements indicated by an arrow. These 
are shown to have approximately 11 per 
cent aluminate and to have withstood 
175 cycles of freezing and thawing. 
Certainly we can rightly protest the 8 
cent limit since, although our products 
are 33 per cent in excess of the permis- 
sible limit, they are better in the freezing- 
and-thawing tests than the majority of 
the cements within that limit. Then 
back in our role of specification writer we 
would tell the two producers that 
granted that their contention is correct, 
the large majority of the cements exceed- 
ing the limit showed a much more un- 
favorable deportment in the physical 
test than those within the limit. Fur- 
ther, we can inform the two producers 
that we cannot adopt limits which will 
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permit a few excellent exceptionai ce- 
ments to be accepted when by so doing 
we allow the use of a much larger number 
of proven inferior ones. But in a third 
role—that of an investigator and a curi- 
ous one in addition—we look at the data 
and say, without hesitancy or question- 
ing, that something is wrong,-—if we hold 
(and we must) that the only variable in 
the specimens was the aluminate con- 
tent of the cements and that all speci- 
mens were similarly tested. Back in the 
role of producer we would demand that 
we be shown without question that our 
cement contained 11 per cent aluminate. 
We would not accept calculated values. 
Finally, as a specification writer, we 
would have to confess that we have no 
way of meeting such demands and hardly 
half a dozen workers in the country are 
actively engaged in trying to solve the 
problem. 

One can go through the many publica- 
tions on cement and concrete and find 
much data and many graphs similar to 
the one presented. There will invari- 
ably be found the outstanding exception 
or exceptions. These latter will receive 
but scant attention regardless of the fact 
that they may approach the ideal far 
more closely than does the average or 
those accepted as indicating the trend 
It is believed the majority of you—and 
especially those not familiar with the 
cement or concrete field—will agree that 
the data are at fault. Not only is it 
likely that the exception is not an excep- 
tion, but also it is quite probable that 
the average is not the average. In the 
case cited it is extremely likely that there 
were other variables in the cement, in 
spite of the accepted premises, than the 
aluminate and that we are not justified 
in drawing the conclusions we do from 
data such as these, which are far from 
critical. 

The new tentative specifications, 
which it is hoped the Society will accept 
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at this annual meeting, represent quite 
a departure from those which remain in 
the Society’s volume of adopted stand- 
ards. These latter cover a “Standard 
Portland Cement” and a “High-Early- 
Strength Portland Cement.” The ten- 
tative standard even though it will 
appear when accepted under a single 
serial designation will be a standard 
covering five types of cement. Type I is 
practically the same as that covered by 
A.S.T.M. Specifications C 9 — 38; type II 
is quite similar to Federal Specification 
SS-C-206, wherein it is referred to as a 
Moderate Heat of Hardening Cement; 
type III, a high-early-strength cement, 
is essentially the same as A.S.T.M. Speci- 
fications C 74 — 38; type IV is quite simi- 
lar to recent specifications of the Bureau 
of Reclamation for the purchase of Low 
Heat of Hardening cements; and type V 
is very closely Federal Specification 
SS-C-211, wherein it is referred to as a 
Sulfate Resisting cement. 

The question immediately arises—are 
such types needed and can you produce 
from commonly and cheaply available 
raw materials such ranges in AlsOs, 
Fe,O;, and CaO (and the minor adven- 
titious oxides) content as will vield these 
different cements? The answer to this 
question, according to general consensus, 
is yes. But let us go a little further 
into this matter. 

Portland cement in this country was a 
matter of but minor commercial import 
prior to the beginning of this century. 
Yet by 1908, the U. S. Geological Survey 
had a laboratory at Atlantic City study- 
ing the effect of sea water on various 
cements and concretes. This laboratory 
had been established through the coop- 
eration of what is now the Portland 
Cement Association because there was 
already much questioning of the dura- 
bility in sea water of the portland cement 
then on the market. Included among 
the cements studied were four of an espe- 
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cially high iron oxide content, three of 
which were of domestic origin. The 
fourth had been made in Germany under 
patents held by the Krupp interests. 
One of the claims of the patents was that 
cements of high iron content resisted the 
attack of sea and other sulfate waters to 
a greater degree than those of the low 
and average Al,O; content then 
mostly produced. In the 1908 Trans- 
actions of the American Society of Civil 
Engineers‘ there appears a paper and a 
discussion of the evolution of heat by the 
cement in concrete dams and its signifi- 
cance. It is hence quite evident that at 
this very early period (32 yr. ago) in the 
history of portland cement in this coun- 
try the inadequacy of the one and only 
type of cement available in its relation 
to sulfate resistance and evolution of 
heat was a matter of much critical inter- 
est, and that the need of other types was 
not questioned by many—including 
some producers, 

The question of the availability of raw 
materials and the possibility of commer- 
cially securing the ranges in composition 
that will yield cements meeting one or 
more of the five sets of requirements de- 
mand some attention. It is granted 
that in order to make all five types most 
manufacturers will have to bring to their 
plants varying amounts of raw material 
now not at hand. With the needed 
materials at hand it is possible to blend 
them so as to secure in the finished 
product the composition required by the 
specifications. But this does not neces- 
sarily mean that at all times these com- 
positions will yield the values demanded 
by the few physical tests. Neither does 
it mean that other compositions will not 
at times give the required physical results 
and hoped-for job results. It does, how- 
ever, mean that at the present stage of 
the development of the knowledge and 

4Charles S. Gowen, “The Effect of Temperature 


Changes on Masonry,’’ Transactions, Am. Soc. Civil 
Engrs., Vol. LXI, p. 399 (1908). 
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the art of making cement we have not 
either completely correlated composition 
and physical properties or completely 
correlated chemical composition and all 
the compounds actually present in the 
cement. However, in the present stage, 
the specifications must give attention to 
and base their requirements, within 
limits, on the deportment of the majority 
rather than on the exceptional minority, 
—even though it is granted that some 
of the exceptional minority in certain 
respects may be the more desirable. 
This applies particularly to the general 
cases of usage. In certain special cases, 
the choice of the ideal exception should 
apply. 

Granted that at times there is a lack 
of relation between composition and 
physical properties, one can be assured 
that the range in compositions made 
possible by the proper blending of raw 
materials will yield cements quite dif- 
ferent in physical properties. One of 
these cements when properly chosen for 
a special service can be used with good 
assurance that better results will be 
obtained, if properly made into mortars 
and concretes, than by the use of one 
cement for all services. The user, there- 
fore, has at hand five different products 
from which by intelligent use he can 
accomplish more satisfactory results 
than before. He must determine which 
type he should use in any case by study- 
ing the conditions under which he will 
use the cement, the conditions during 
its later life and the requirements in the 
standard wherein the nature of the sev- 
eral types is given. In many cases the 
choice is simple and can be quickly made. 
A high-early-strength cement would 
hardly be selected if there is no need for 
haste in construction or in placing the 
finished structure in use. A low-heat or 
a sulfate resisting cement would hardly 
be selected for a reinforced concrete 
frame building to be covered with brick 


~ 


- 


or stone. There might be some ques- 
tion as to the choice of types I or II. 
In an increasing number of cases there 
is now no need for hesitancy, as the 
type I made by a considerable number 
of producers is identical to their type II, 
and this number will increase with time. 
But if experience has shown anyone that 
in general work he has obtained excellent 
results through the use of a cement which 
is truly type I, he had better continue 
with it rather than try a type IT product. 
Types IV and V are for use when low 
heat of hydration and sulfate resistance, 
respectively, are of importance. They 
are special types which will not generally 
be kept in stock by producers, at least for 
some time in the future. 

A word of caution must be given re- 
garding the choice of cements for special 
uses, such for instance, as resistance to 
sea water. Can it be assumed if a type V 
cement is used for sea water construction 
that without question our hopes for a very 
extended successful service will be real- 
ized? The answer is no, but even with 
such an answer type V should be used. 
A positive yes cannot be given to sucha 
question. Concrete is not composed of 
cement alone and it is the other familiar 
components—and workmanship in par- 
ticular—which in most cases are the 
causes of trouble and which compel the 
negative answer. But one can be cer- 
tain that in the unfortunate cases where 
poor concrete may be made, the use of a 
cement of type V will very likely be an 
assurance of a greater life than if type I, 
II, or III had been employed. Le 


Degree of Grinding (Fineness): 


The proposed new tentative speci- 
fications bring back into the standards 
of our Society an old friend who dis- 
appeared for a few years—the require- 
ment covering fineness of grinding of 
the finished product. While this re- 
quirement might be welcomed back as 
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an old friend, it surely caused in times 
past much unfriendly discussion. 
Whether there should be limits for 
fineness is a much mooted question. 
Requirements of this kind surely are 
within the class of those which tell the 
manufacturer how to make his product 
and as such are among the least accept- 
able of specification details. It would 
seem that within reasonable limitations 
the manufacturer should be allowed to 
grind to whatever fineness yields the 
specified physical properties that are 
affected by the degree of comminution. 
The physical properties mostly affected 
by fineness are time of set and strength. 
Thus, a low-heat cement can be brought 
into the class of type I cement by grind- 
ing alone. The only distinction be- 
tween many high-early-strength cements 
and type I cement is that the producer 
has taken his more “choicy” type I 
clinker and ground it about 1000 sq. cm. 
per gram finer than he would if making 
type I cement. 

It is further known that it is not neces- 
sary to grind all kinds of clinker to the 
same degree of fineness to obtain the 
same strength. Why, therefore, not 
allow the producer to use whatever 
fineness will yield the strength indicated 
for each type? Why compel all to 
grind to the same minimum fineness? 
The candid answer is that many believe 
that fineness is closely associated with 
other properties, mostly undesirable, 
which through our ignorance we cannot 
cover by test methods or limitations. 
For instance, many believe that fineness 
is intimately related to volume changes 
during hardening. Too finely ground 
cements are believed to require undue 
amounts of water and consequently 
undue shrinkage and cracking may 
result. But to meet such a viewpoint 
there should be a maximum limit and 
not the minimum limit which appears 
in the specification. Others feel that 
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the coarse particles of the less finely 
ground material may hydrate later and 
cause disruptive expansion. Some ques- 
tion whether the very fine particles do 
not hydrate so promptly during mixing 
and placing that they confer nothing 
to the strength and may tend to be con- 
centrated in any laitance formed or 
on surfaces against forms where they 
rather promptly cause map cracking or 
crazing, or unsightly weathering. How- 
ever, as no one has brought forward 
suitable test procedures and specifica- 
tion requirements, the obviously un- 
fortunate procedure has been followed 
of “saying it with fineness” and believ- 
ing that by so doing we have not les- 
sened the chances of getting a better 
cement but possibly increased them. 


The Autoclave Test: 


It is difficult to set a date when cement 
or cement products were first submitted 
to elevated temperatures and pressures 
within a few hours or a few days after 
mixing with water. There are possibly 
some very few in this audience who will 
remember a meeting of the Society about 
30 yr. ago, when a paper was read in 
which the conclusion was drawn that a 
better cement would be secured if neat 
specimens after 24 hr. in a saturated 
atmosphere were submitted to a steam 
pressure of 295 psi. and would show not 
more than a certain volume change or 
reduction in tensile strength. A very 
lively discussion resulted which did not 
quiet for several years. Some few 
cement producers have continued to use 
the device in following their plant pro- 
duction. Some cement products have 
always been cured by steam at atmos- 
pheric or higher pressures. Also a num- 
ber of investigators have studied the 
effect of the high-pressure steam on the 
nature of the hydrated products formed 
under such conditions and how this 
treatment has affected the durability 
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of these products when in contact with 
solutions of sulfate salts. 

About three years ago 
surprise was occasioned by 
that there be introduced into the 
Society’s standard specifications for 
portland cement, a maximum permis- 
sible expansion of 1.0 per cent as a result 
of submitting a neat cement bar, 24 hr. 
old, to a steam pressure of 295 psi. for 
5 hr. This proposal originated with the 
producing interests who felt such an 
accelerated test would eliminate cements 
which would otherwise satisfactorily 
meet the standards, but which would 
show in service too great an expansion at 
a period of from 5 to 10 yr. after fabri- 
cation. Again, a very lively discussion 
arose and last year at a session of the 
Society negative action was taken. In 
the proposed new tentative specifica- 
tions it will be noted that an autoclave 
test is proposed with a maximum limit 
of 0.5 per cent for all types of cement. 

Whether or not a test of this nature 
should be in our standards and what the 
significance is of the test is still a debat- 
able matter. You can rest assured, 
however, that the requirements cannot 
in any manner jeopardize the consumer’s 
interest. Even under the’ high limits 
for the expansion specified he is given 
additional protection so far as quality 
is concerned. Few producers have any 
difficulty in making ‘‘autoclave cement”’ 
when using the compositions required 
by types II, IV, and V. It may in- 
terest you to know that the low-heat 
cement being purchased by the Bureau 
of Reclamation must not exceed a 
maximum expansion of 0.2 per cent 
according to this test. This is 60 per 
cent less than that allowed by the 
Society’s proposed new tentative speci- 
fications. Some producers did have 
difficulties in meeting the demands when 
meng cements of types I and HI, but 


considerable 
the proposal 


they have learned that, among other 
things, more rapid cooling of the clinker 
will result in a marked decrease of ex- 
pansion in the high-pressure testing in 
the autoclave. Incidentally, this is an 
interesting illustration of certain phe- 
nomena not discussed in this talk, 
namely, changes in the character or 
structure of the clinker induced by man- 
ufacturing processes which cause changes 
in the physical properties of the cement. 
These structural changes in the clinker 
are not accompanied by calculated com- 
positional changes. 

The autoclave should be a matter of 
moment to the producer—and it has 
been such. It taught a number very 
promptly that closer control at certain 
stages in the course of manufacture 
would materially reduce autoclave ex- 
pansion. From all viewpoints this test 
must be credited with having introduced 
some desirable technique and control 
into the production of cement and must 
be acknowledged as yielding additional 
assurance of quality to the users. 

In much of the discussions so far 
regarding this test there has been intro- 
duced too much of a positiveness con- 
cerning the cause of the expansion in- 
duced and the significance of the test. 
This has tended very strikingly to deflect 
attention from the test itself. It is 
better at this time, and in the future 
until basic research has yielded much ofa 
positive nature, to confess that adequate 
data are not at hand to indicate the 
nature or the difference in the nature 
of the cement-water reactions at normal 
and elevated temperatures (and pres- 
sures), especially as to how all the con- 
stituents of the cement are affected. 
Therefore, no positive answer can be 
given as to why certain cements expand 
more than others when treated in the 
autoclave. Whether or not a high 
autoclave expansion without question 
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signifies a large expansion in later life is followed premise, namely, that the 


er also still to be proven. That the test aluminate of lime forms complex sulfate 
ol assures generally a more uniformly and _ salts having a much greater volume than 
= better made cement is without question. the aluminate compound in the cement, 
an ; , then there should be a possibility of 
le- settling the issue by ating the 
lk, Action: or aluminate content. But even though 
or Among those interested in highway this procedure is followed in the speci- 
in- construction, much thought has been fications to a certain extent, we are im- 
BES given during the past decade to the mediately faced with the fact that the 
nt. resistance of concrete to the natural true answer is not so simple. Many 
cer weathering agencies. To the effect of structures of high alumina and alu- 
m- the natural agencies there must be minate cements exist in unfavorable 
added at times others, such as the use sulfate surroundings and have met all 
of of calcium chloride on ice-covered high- hopes. The Statue of Liberty in New 
1as ways during the winter season. Re- York Harbor stands on a foundation of 
ry gardless of the extended work that has a quite high alumina cement. The 
ain been carried out in the hope of elu- existence of such successful structures 
ure cidating the relation between chemical controverting our hypotheses unques- 
ex- composition and service under such tionably compels us to doubt their 
est conditions and in spite of the efforts general validity. Indeed, we are com- 
ved to develop adequate predictive tests, pelled to acknowledge that in many cases 
rol no acceptable physical test suitable for we must look elsewhere than to the © 
ust such use in specifications has been aluminate for an explanation of the 
nal brought forward. It is therefore neces- vulnerability of concrete to sulfate solu- | 
sary to continue to place our reliance tion attack. However, we are again 
far on the results of the chemical analyses, compelled to follow the usual procedure, 
TO- the strength of the small specimens and _in lieu of anything better in the nature of 
oa: the newly added autoclave test. Yet adequate test methods, of penalizing the 
in- it is known that at times these have not few cements of acknowledged good 
est. resulted in our securing the hoped-for field record but which do not fit into 
ect good quality concrete—even when we our at times faulty hypotheses and — 
1S allow for all the other defects which may _ specification requirements that low- 
get into concrete, such as possibly bad alumina and low-lime-aluminate 
of ments give better results in contact with 
the sulfate waters than cements of high 
Thoughts aluminate content. Once again we be- 
nal 8 y sumvar to Mose just come painfully aware of the marked 
mon expressed apply regarding the resistance 


need of research and of the development 


of cements i 
to aggressive solutions of of 


on- salts. Although the effect of such 


ed. agents on cements and concrete have 4dmixtures: 

be been the subject of far more publications 
and than the effects of weathering agencies, As a red flag is purported to be to a 
the the solution to the problem and ade- bull, so were admixtures to some cement 
eH quate test methods do not appear to be producers. Please note in the foregoing 
ion 


7 any closer at hand. If we would accept that “admixtures” is used as in the past 
Without question the most frequently ‘and “purported” is dropped in the last — 
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part of the sentence. Until very re- 
cently anyone who would dare propose 
the use of admixtures with portland 
cement to improve any somewhat lack- 
ing property was immediately figura- 
tively killed with anathemas hurled 
by some producing interests. Then 
almost overnight (and a relatively re- 
cent night) there was a complete re- 
versal of attitude on the producers’ 
part. Now many of the latter are 
actively studying the effects of various 
kinds of admixtures as reflected in in- 
creased durability and quite a number 
are placing on the market cements 
containing such additions. 

There never have been any logical 
reasons for this peculiar adverse atti- 
tude. The fact that all cements con- 
tain 3 or more per cent of gypsum, added 
during the grinding of the clinker as a 
necessity to give a product meeting the 
time-of-setting requirements, has never 
made producers open-minded towards 


the possibility of using other admixtures 


to enhance other properties. The first 
breakdown of this attitude came a few 
years ago as the result of the marked 
ability of an organization to demon- 
strate that one of their products added 
to the clinker before grinding very 
materially reduced the cost of grinding. 
As a result the Society’s standards, 
first for high-early-strength cement and 
in 1938 for portland cement were 
amended so that under certain condi- 
tions admixtures are permitted. Bear 
in mind that before this action a port- 
land cement according to the Society’s 
standard was only such if it contained 
no additions of any kind or amount other 
than calcined or uncalcined gypsum or 
water. 

There is now agitation to permit the 
use of other admixtures. Some of these 
have been found most advantageous 
according to recent field and laboratory 
tests in increasing the life of concrete 


in highways subjected to “sanding” 
during freezing conditions with calcium 
chloride. Most of these are of such a 
nature that frothing takes place during 
mixing and consequently as much as 
10 per cent or more of air may be in- 
troduced into the wet concrete. This 
gives a readily placeable mix, which be- 
fore setting “bleeds” or releases water 
to a negligible degree. Like the grind- 
ing-aid admixture first cited, these latter 
are used in very small quantities— 
mostly less than 0.05 per cent of the 
weight of the cement. 

It is to be hoped that, with these two 
obvious examples before us of the bet- 
terment of cement through the use of 
admixtures, all concerned will have a 
more open mind in this matter. There 
is no reason to assume that improvement 
in other physical properties cannot be 
secured by means of other additions. 
The setting and hardening of cement 
is a chemical reaction and in such all 
recognize and have before them many 
examples of the marked alterations in 
reactions induced by the presence of 
small quantities of foreign materials. 
It is granted that at times such reac- 
tions may be adversely affected by the 
small amounts of additions—as in the 
particular case of cement, the marked 
slowing of setting and hardening induced 
by very small quantities of solutions of 
sucrose or lead or zinc salts. But such 
positive results even though adverse 
should only seem to confirm the thought 
that there must be other materials 
which can cause most advantageous 
effects. 

Again, let us bear in mind that the 
setting and hardening of cement is a 
chemical reaction and further one which 
takes place very slowly. If we accept 
the belief of many, and some of us will 
not, that cement in the form of con- 
crete is gaining strength continuously 
no matter what its age, then we must 
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accept the fact that hydration or the 
reaction of the cement and water is 
continuing just as long. We know that 
the rate of the reaction can be materially 
accelerated by fine grinding of the 
cement, by heat, and to a less degree 
by the use of calcium chloride, etc. It 
does not take much of an imagination to 
conclude that there are likely to be a host 
of other materials which will speed up 
the reaction tremendously, possibly to 
the extent that within a day we may 
have the strength usually attained at 
the end of a year. It is curious that so 
much time has been spent in developing 
different kinds of cement and so little 
on developing very promptly by means 
of admixtures the full inherent qualities 
of the cements already at hand. 

So far nothing has been said regarding 
the much mooted colloidal or crystalline 
nature of the hydration products. 
Much evidence shows that the bonding 
hydration products are, like most bond- 
ing agents, either organic or inorganic, 
of a colloidal nature. This does not 
deny that there are not also formed dur- 
ing hydration some crystalline products. 
These have, however, no or low bonding 
qualities. It is known that colloids 
in many cases may be either water 
soluble or distended to a tremendous 
volume in the presence oj water. It 
is also known that these may be so 
treated that they are unaffected by 
water. The solubility of egg albumen 
in water before heating and the insolu- 
bility after heating to a certain tempera- 
ture is a good example of this phenom- 
enon. The colloid formed in the setting 
of cement has the quality of expanding 
and contracting as the humidity is 
raised or lowered to a marked degree. 
Thorvaldson has called attention to 
how heat will affect the hydrated ce- 
ment so that its resistance to sulfate 
action is much enhanced. Cannot 
this be looked aan as a kind of fixation 
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of the hydrated colloidal products so 
that their stability is materially in- 
creased? Also can we not believe that 
there are materials—admixtures if you 
please—which may so affect the course 
of the hydration that the resulting 
products are rendered either irreversible 
or more stable in respect to other reac- 
tive compounds with which they may 
come into contact during service? 

Indeed, the use of admixtures should 
not be frowned upon or scorned. On 
the contrary, their development and 
study should be highly commended and 
fostered. Accepting cements as they 
are now produced, there seems to be no 
more brighter prospect of improving 
these throughout their entire life— 
from the time they enter the concrete 
mixer until progress in the course of 
time compels the abandoning or de- 
molishing of the structure into which 
they entered—than through the use of 
admixtures. The happening upon the 
effect of a few admixtures of a “froth” 
producing nature in increasing the life 
of concrete highways justifies a vigorous 
search for others possible of enhancing 
other qualities of cement. 

Before leaving this subject may at- 
tention be called to a particular direc- 
tion into which research of this charac- 
ter might be pursued. The excellent 
qualities of low-heat cements for mass 
concrete 
such cements have a low rate of harden- 
ing and acquiring strength. Indeed, 


this is so marked that in some cases © 


during cooler weather, in order not 
to delay work through the need of 
holding the forms in place longer due to 
slow hardening, it was necessary to sub- 


stitute moderate heat of hardening ~ 


cements for the low-heat ones. Further, 


if the low-heat cements are also low in — 


both alumina and iron oxide, we have a 
sulfate-resisting type of cement, which 
is also slow oe Also at this 


is generally accepted. But | 
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time there is a marked tendency to 
depart from the high-limed cements to 
the high-silica ones. These like the 
low-heat and_ sulfate-resisting types, 
unless very finely ground, are also slow 
hardening. But if this characteristic 
could be overcome through the use of an 
admixture acting as an accelerator, we 
would have approached very closely to 
the ideal all-purpose cement. There 
is not much doubt that this accelerator 
will be found some day—even though it 
may not for psychological reasons be 
called an admixture. 


Some Proposed Tests for Portland Cement: 


Within the past ten years five interest- 
ing tests and specification limitations 
have been proposed for use in accepting 
cement. These deserve some special 
comment, but before doing so, it is de- 
sirable to say a few words regarding the 
attitude of those interested in cement 
towards new tests. 


It is very proper 
that newly proposed tests should run a 
gauntlet of testing and trying them- 


selves. But this should be done in a 
thoroughly open-minded manner. The 
new tests should demonstrate that they 
apply to a characteristic not covered 
by a test already in use, that they 
more adequately cover a _ property 
than does any used test, or that they 
determine a property in a simpler way. 
They should give reproducible results 
in the hands of the average laboratory 
operator. They cannot be adopted if 
they are reproducible only in the hands 
of the exceptional worker. They should 
also predict a quality which is of con- 
cern in the use of the cement. How- 
ever, in spite of the recognized lack of 
such tests for cement, there is too much 
of an attitude exhibited of damning 
all newly proposed tests without ade- 
quate trial largely because they are 
new. When half-heartedly tried, there 


is too much magnifying of all the little 
molehills of minor anticipated trouble 
into mountains of impossibilities. This 
is one reason why new tests are so slowly 
adopted by those interested in cement. 

The late Thaddeus Merriman pro- 
posed a test for determining the resist- 
ance of cements to sulfate waters. In 
brief, a specimen in the form of a thin 
slab of neat cement is suspended in a 
sodium sulfate solution. This solution 
which rapidly becomes alkaline is ti- 
trated at stated intervals to neutrality 
with a sulfuric acid solution. The 
quantity of alkali (including Na,0, 
K,0, and especially CaO) liberated is 
large at first, then becomes less and 
more uniform with time until when and 
if failure is imminent there is a marked 
increase in the amount liberated. This 
is accompanied by warping, checking, 
or cracking of the slab. If this occurs 
within 28 days, it is taken as indicating 
poor service. This may be a good ac- 
ceptance test for selecting a cement to 
give good resistance to sulfate attack, 
but unfortunately it has not been sub- 
jected to needed coordinated cooperative 
trials. Although it has been some time 
since it was first proposed, there is still 
lacking the tie-in between the laboratory 
and field trials. 

Merriman also proposed what is gener- 
ally called the “sugar test” for cement. 
This was developed as a means of as- 
certaining the degree or completeness 
of burning of the clinker. Briefly, the 
test consists of leaching the ground ce- 
ment with a rather strong solution of 
sugar (sucrose) and neutralizing the 
resulting alkalinity. For the cement 
to be of an acceptable nature the amount 
of acid required must be below a certain 
value. Merriman believed that such 
accepted cements produce a better con- 
crete than that given by other cements 
not meeting his test and that the con- 
crete contained the maximum amount 
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of what he calls ‘amorphous constit- 
uent”—the desirable hydration prod- 
uct of cement. Although the test was 
first proposed about ten years ago, we 
are still lacking the results of an ex- 
tended series of tests or observations 
to correlate the findings in the field and 
in the laboratory. The tests do show 
striking differences between cements 
which in other respects are the same. 
This applies to those from the same mill 
as well as to those from different mills. 
It is also generally conceded by pro- 
ducers that cement which will meet this 
test must be more carefully processed 
and in some cases quite different mill 
procedures must be followed than those 
used for the average cement. 

Mr. Ira Paul, of the Division of En- 
gineering of the New York State De- 
partment of Public Works, has proposed 
two tests—a “floc” test and the sub- 
jection of clinker fractionated according 
to certain sieve sizes to an autoclave 
treatment very similar to that contained 
in the Society’s proposed new tentative 
specifications. 

The remarks made regarding Merri- 
man’s sugar test apply to Paul’s “floc”’ 
test. It is an interesting test which 
shows marked differences between other- 
wise similar cements, it has not been 
correlated with field service and it has 
not received the open-minded attention 
that it deserves. Autoclaving of the 
clinker has much to commend it; in- 
deed, when one gives the proposed test 
some thought, he is inclined to conclude 
that the clinker and not the finished set 
cement should be subjected to the high- 
pressure steam treatment. This would 
be particularly true if it can be shown 
that the hard pieces of clinker are not 
strained due to the rapid cooling and 
that the breaking and shattering, which 
constitutes failure according to the 
methods, is not a result of the release 
of the strain in the autoclave. Com- 


mittee C-1 which has adopted tenta- 
tively an autoclave test for cement 
(ground clinker) should give immediate 
and intensive attention to the auto- 
claving of the clinker. 

Mr. T. E. Stanton, Materials and 
Research Engineer of the California 
State Division of Highways, in attempt- 
ing to solve the problem of why so much 
concrete in a certain section of that 
state gave most inadequate length of 
life, found that if the concrete was made 
of cements containing less than 0.5 per 
cent plus (determined and 
reported as Naz,O) the results were all 
that was desired. It has been stated 
before in this lecture that these alkalies 
very promptly go into solution in the 
mixing water. Apparently this alkaline 
solution acts upon certain minerals in 
the particular aggregate in a manner 
that produces such marked swelling 
that disintegration results. In prepar- 
ing the new tentative specifications, 
Committee C-1 gave much thought to 
Stanton’s findings, but felt that at the 
present time it could not fix limits for 
the permissible amounts of alkali. You 
can be assured, however, that much 
more will be heard about the effect of 
these oxides, which are present in port- 
land cements in such small quantities 
(averaging about 0.75 per cent for the 
cements of the whole country) that but 
few analyses show their presence, al- 
though the analyses will total | ‘per 
cent or more. 


The Effect of Plant Processes: 


Although so far the discussion has 
centered largely around composition 
versus physical properties, at times there 
have been some remarks made which 
could properly be construed as inferring 
that there are frequent occasions where 
there is a want of any relation between 
composition and properties. Tersely,— 
it is a fact that occasionally cements of 
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the same oxide composition and cal- 
culated compound composition have 
distinctly different physical properties. 
All of the reasons for this are not known. 
But some of the newly proposed tests 
and some recent research have shown 
us some of the reasons; others we can 
only deduce from analogies with other 
materials and data. 

When it became evident that the 
specifications for low-heat cement for 
Boulder Dam would be based upon 
compositional as well as physical (calori- 
metric) requirements, objection was 
raised by one producer on the score that 
by “‘licat treating’ cement of ordinary 
composition and hence different from 
the proposed low-heat composition, he 
could produce a low-heat cement ac- 
cording to the calorimetric requirement. 
Since then it has frequently been 
found that by the calorimetric measure- 
ments, the heat of hydration differs 
markedly from that which could be 
calculated from the composition. Also 
cements of practically identical com- 
position have far from identical heats of 
hydration. 

With the reopening of the question of 
autoclave testing of cements a few years 
ago, some little research soon showed 
that a rapid cooling of the clinker 
would in many cases result in a cement 
which had decidedly less autoclave ex- 
pansion than the same cement slowly 
cooled. 

Both of these cases bring vividly to 
us the fact that without making any 
compositional changes the quality of 
the ground clinker, evaluated in two 
widely different manners, has been 
materially changed through processing 
subsequent to the attaining of the 
maximum kiln temperature. To ap- 
preciate why this may be the case, it 
were well to discuss very briefly the 
nature of the materials reacting in the 
kiln, what may be taking place therein, 


and how the state of combination 
reached at the maximum temperature 
may or may not be the same as that of 
the cooled clinker. 

Suppose we take as typical the case 
of using limestone and clay as raw 
materials. Even though other raw ma- 
terials might be used, they would differ 
from these only in the relative amounts 
of the component oxides. These are 
ground together and then charged into 
the rotating kiln. Dehydration first 
takes place. Then follows, almost 
simultaneously, decarbonation of the 
limestone and a breaking down of the 
clay into free SiOz, AlsO3, etc. Then 
recombination starts to take place, 
but mostly through diffusion and to a 
minor degree through melting and sub- 
sequent crystallization. How much 
formation of glass takes place depends 
upon very many circumstances—such 
as the lime-silica ratio, the amounts of 
AlO; and Fe,O; and their ratio, the 
amount of fluxing agents at hand such 
as MgO, P2O0;, etc., the 
maximum temperature, the length of 
time at the maximum _ temperature, 
etc. Next let us assume that under 
any one set of conditions the time and 
temperature of heating have been such 
that equilibrium has been attained. 
Under this hypothesis, what is the like- 
lihood of maintaining this state during 
cooling and corollarially what are the 
possibilities of altering it? Even a cas- 
ual reference to the phase equilibria 
diagrams of the ternary system CaO— 
Al,O;—SiO2 by Rankin and Wright and 
to its extension into part of the quater- 
nary system 
by Lea indicates that likely the high tem- 
perature equilibria has not been main- 
tained and in many cases could not be. 
Further, one would see that by such 
“heat treating” as different reheatings 
and coolings under closely controlled 
conditions or by different controlled 
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rates of cooling, it is possible to bring 
about the formation of distinctly dif- 
ferent amounts of the compounds. 

Examination by the petrographic mi- 
croscope has confirmed that the differ- 
ent conditions cited give optically dif- 
ferent:clinker and the ground clinker 
yields different physical results. It 
seems quite certain, therefore, that 
“heat treating” can produce decided 
changes evidenced by different qualities 
of the finished cement. 

Time will not be taken to refer to 
other changes in plant procedure which 
may materially affect the quality of 
the cement—but do not forget the 
marked changes, which have been re- 
ferred to several times, induced by dif- 
ferent degrees of fineness. It were 
well, however, before dropping this 
phase of the talk to suggest that pro- 
ducers might well look to other types 
of kilns wherein the burning and cooling 
might be more carefully controlled. 
Granted that the rotary kiln has done 
so much to develop the industry and 
to make it possible to market a com- 
modity at the customary low price, 
it seems well to remember that furnace 
design of all kinds has materially de- 
veloped since the advent of the rotary 
kiln. Even the old stack kiln, thrown 
completely over by the domestic cement 
producers, could be slightly modified to 
permit of more uniform operation and 
control than the rotary kiln. The in- 
stallation of regenerators or recuperators 
would reduce it to a very low cost fuel 
furnace. But the ceramic industry 
which has so long favored the stack kiln 
is supplanting it with tunnel or ring 
kilns, due to their increased fuel econ- 
omy and ease of exactness of control. 
Either of these two types would permit 
of wider ranges of rates of heating and 
cooling, and the ring type would permit 
of simultaneous burning of several types 


BATES ON PORTLAND CEMENT 


of cement requiring different burning 


temperatures; 
Concrete: 


Doubtlessly it has been expected 
that some extended remarks would be 
made concerning concrete. However, 
much has been said regarding this 
applied form of cement and at other 
times when the word “cement” has 
been. used, concrete could have been 
used with equal correctness. To go 
into even minor detail anent this com- 
modity will not be possible now when 
so much time has already elapsed. 
But I acknowledge that a few remarks 
are in order. These I will introduce by 
quoting a recent statement by Prof. 
Bart J. Shine of the University of Cin- 
cinnati: 

““A wise economist, an elderly one, re- 
cently made this statement—Economics is 
now firmly founded on the doctrine of un- 
certainty.—I wish that all of the concrete 
designers in the country could reach that 
degree of enlightenment because concrete 
design is not yet firmly founded on the doc- 
trine of uncertainty. What we actually do, 
I think, may be expressed something like 
this: We design a structure of an imaginery 
material which does not and cannot exist. 
It is an elastic material in which stress is 
proportional to strain, and it is incapable of 
taking tension. Then, having determined 
the dimensions of the members, we erect in 
the field a structure of a somewhat different 
material with the expectation and hope, gen- 
erally fairly well realized, that the ultimate 
result of our procedure will be a structure 
which is both safe and economical. But it 
is not the structure we designed, it does not 
act as would the structure that we designed, 
and yet the results are startlingly satis- 
factory.” 

Although Professor Shine was refer- 
ring to the design of concrete struc- 
tures, his thoughts apply equally well 
to the concrete to be used in the struc- 
ture. Would that we more completely 
realized the uncertainties connected 
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with the production of concrete. We 
do not seem to realize that, although we 
have a mass of data (unfortunately too 
much are of the laboratory type) and 
have had long and interesting discus- 
sions concerning them, the making of 
concrete is far from an exact science. 
Take, for instance, the many methods, 
formulas, procedures, etc., advanced 
for designing a mix of “x” strength 
from the cement and aggregate at hand 
and let us note one feature of their 
frequent application. It can be seen 
that in so many of these cases, as long 
as something better has been obtained 
than what the theory would predict, 
it is assumed that therefore there is now 
no longer any uncertainty regarding 
what to do to get what it is thought 
is wanted. Incidentally, having ob- 
tained something other and much better 
than expected no advantage is taken of 
this better quality. The fact that the 
application yields an answer of 1.5x 
is cited with great delight as evidencing 
the positive proof of the validity and 
usefulness of the theory or procedure 
which has been followed. (If 0.9x had 
been obtained it is likely that no citation 
would be made or it would be used as 
evidence of the lack of validity of the 
methods used.) Truly concrete mix 
design is based upon the principle of 
uncertainty, although it is not acknowl- 
edged and it candidly should be. 


Can we not also aptly apply Profe:sor 
Shine’s remarks to portland cement as 
well? Would it not be just as true 
if he had said in part: 


“A wise economist, an elderly one, re- 
cently made this statement—Economics is 
now firmly founded on the doctrine of uncer- 
tainty.—I wish that all of the engineers 
using cement in the country could reach that 
degree of enlightenment because cement 
technology is not yet firmly founded on the 
doctrine of uncertainty.” 


Were it so founded many of the state. 
ments of the quality of cement and 
predictions regarding its future deport- 
ment in service would not be made with 
the positiveness and finality which now 
characterize them. The recognition of 
the uncertainties in these respects would 
surely lead to more determined and more 
effective efforts to secure the results 
needed to change uncertainty to cer- 
tainty. In the meantime it must be 
accepted that cement technology func- 
tions upon the bases of uncertainties. 
But the fact that it is certain that there 
are still many uncertainties regarding 
the true nature of portland cement, how 
it reacts with water and how it will 
deport itself under certain trying con- 
ditions, in no way detracts from the 
proven findings of its tremendous use 
that “the results are startlingly satis- 
factory.” 
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The accompanying photomicrographs 
have been selected to enable the reader to 
visualize the appearance of the several com- 
Ji pounds referred to in the lecture as assumed 
d to be present in portland-cement clinker. 
t- They enable one also to appreciate some of 
th the difficulties encountered by the micros- 
Ww copist in his studies of the nature of port- 
of land cement. In the majority of cases the 
ld illustrations were prepared by using light 
ve reflected from etched polished surfaces of 
ts clinker. In some few cases the photography 
was carried out by means of light trans- 
<a mitted through polished thin sections. 
be With a few exceptions the photomicro- 


graphs have been prepared and previously 
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APPENDIX 


used by Herbert Insley, Petrographer at 
the National Bureau of Standards, in the 
course of his study of portland cement. 
Although in a number of instances they 
appear to be taken of discrete grains dis- 
tributed upon a plate or cover glass, 
such is not the case. In all instances 
relatively large fragments of clinker were 
sectioned, polished, and very small fields 
enlarged either by reflected or transmitted 
light to the magnifications shown in each 
figure. In the following captions tricalcium 
silicate is abbreviated to C;S, dicalcium 
silicate to C2S, tricalcium aluminate to C;A, 
and tetracalcium ferro-aluminate to C,AF. 
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Fic. 2.—A Polished Section of Clinker of a Low-Heat Cement Used in Boulder Dam (X 500) 


Etched with water for 2 sec., followed by 1 per cent alcoholic solution of HNOs for 2 sec. showing (a) angular grains 
of CaS with marked zoning (indicating solid solution), (6) rounded grains of C2S with distinct striations caused by twin- 


ning, (c) light interstitial material (CsAF), and (d) darker interstitial material (probably glass). 


Fic. 3.—A Polished Section of a High-Early-Strength Clinker (X 500). 


After etching with water for 2 sec. followed by 5 per cent NHiCl for 3 sec., showing abundant C;S in well-developed 
crystals with hexagonal outlines. 
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Fic. 4.—A Polished Section of a Low-Heat Clinker (* 1000). 
Etched with 1 per cent alcoholic solution of HNOs to show the intricately twinned C2S. 


Fic. 5.—A Polished Section of a Normal Clinker ( 500). 


._ Etched with water for 2 sec. to show the prismatic dark interstitial material of unknown composition. Its presence 
in Clinker is associated with the presence of Na2O and K20O. 
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Fic. 6.—Same Area of Same Clinker as Fig. 5 Etched With Water for 2 secs. Followed by 1 per cent 
Alcoholic Solution of HNO; for 2 sec. (X 500). 


Shows relation of interstitial material to Cs3S crystals. CsS crystals frequently have inclusions and border fringes 
of C2S particles. 


Fic. 7.—A Thin Section of a Normal Portland-Cement Clinker (X 500). 
Between crossed nicols illuminated with transmitted light. The CsS crystals are dark gray, the rounded C2S crystals 


and the elongated CAF crystals are light gray. This illustrates the difficulty of distinction of constituents in photo- 


micrographs with transmitted light. 
- 
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_ Fic. 8.—A Polished Section of a Normal Portland-Cement Clinker (X 1000). 


Etched with 1:1 alcohol-water solution for 2 min. to show a cluster of rounded grains of free CaO. 


Fic. 9.- —A Polished Section of a Normal Portland-Cement Clinker Showing Small Crystals of 
Free MgO (Periclase) Scattered Through the Clinker (X 500). 
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Figures 10 to 12 are the same polished thin section of a normal clinker examined 
in three ways to show the crystalline, doubly-refracting character of the prismatic 
dark interstitial material. 


Fic. 
T 


10.—Normal Clinker Viewed with Reflected Light After Etching with Water for 2 sec. 


Two groups of prismatic crystals are shown near the center (X 500). 


Fic. 11.—Same Field as in Fig. 10 Viewed with Reflected Light After Etching with Water for 2 sec. 
Followed by 1 per cent Alcoholic Solution of HNO; for 2 sec. (X 500). 


The relation of prismatic interstitial material to CoS and CsS is shown. C2 is in the lower portion of field and the 
C3S in center and upper portion of field. 


« 
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Fic. 12.—Same Field as in Fig. 10 Viewed with Transmitted Light and Crossed Nicols (X 500). 


Phan fact that the prismatic material is light shows that it polarizes light and is, therefore, crystalline and doubly 
relracting. 


Fic. 13.—A Polished Section of a Laboratory-Prepared Clinker Containing No Na,O or K,O After 
Etching with Water for 2 sec. (X 500). 


Note lack of prismatic character of dark interstitial material. The calculated compound composition is CsS 55 per 
: cent, CoS 24 per cent, C3A 12 per cent, CAF 9 percent. The clinker had been heated at 1450 C. for 19 min., cooled from 
C. 1450 C. to 1250 C. at a rate of 10 deg. per minute and quenched from 1250 C. Compare with Figs. 14 and 15. 
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Fic. 14.—A Polished Section of a Laboratory Prepared Clinker of the Same Composition as That 
Shown in Fig. 13 to Which 1.5 per cent NaxO Was Added Before Burning (X 500). 


The same heat treatment was followed as with the sample illustrated in Fig. 13. Etched with water for 2 sec. followed 
by 1 per cent HNOs in alcohol for 2sec. Note prismatic character of interstitial material. 


< 
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Fic. 15.—A Polished Section of Laboratory Prepared Clinker Like that Shown in Figs. 13 and 14, 
but 1.5 per cent KO Substituted for the NazO (X 500). 


Etched with water for 2 sec. Note the prismatic character of interstitial material. 
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Ee 
Figures 16 to 19, inclusive, are presented to illustrate the effect of “heat treating” 


af 


clinker. 


A Polished Section of Normal Clinker Etched with Water for 10 min. (X 500). 


Fic. 16. 
Note the sharp boundaries of C3S crystals and contrast between light and dark interstitial material. 


Fic. 17.—A Polished Section of “Heat-Treated” Clinker of the Same Composition and from the 
Same Mill as That Shown in Fig. 16 (X 500). 
Note definite border zone and heterogeneous character of most of the CsS crystals. 


, Etched with water for 10 min. 7 4 
Light and dark interstitial material shows poor differentiation. 
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The iron-bearing interstitial material is in dispersed cloudy masses. 


Fic. 19.—A Thin Section of the Same Normal Clinker as Fig. 16 (X 1000). 


The iron-bearing interstitial material is in discrete groups in contrast with that in Fig. 18. 
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Fic. 20.—A Polished Section of a Normal Portland-Cement Clinker 
(ALO; to FexO; Ratio = 1.78) (X 700). 
Etched with water for 2 sec. followed by 5 per cent NH:Cl for 3 sec. and 10 per cent KOH for 15 sec. With AlOs to 


Fe:03 ratios of about this magnitude, the interstitial material does not tend to crystallize very well but gives a mottled 
appearance. The minute darker particles in the mottled interstitial material are glass. 
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Fic. 21.—A Polished Section of a Moderate Heat of Hydration Clinker 
(Al,O; to Fe,O; Ratio = 1.34) (x 700). 
Etched with water for 2 sec. followed by 1 per cent HNOs for 2 sec. and 10 per cent KOH for 15 sec. With AlsOs to 
Fe:03 ratios of this lower magnitude the interstitial material tends to crystallize. This is clearly shown in the figure. 
The glass (dark gray) is associated with prismatic crystals of CsAF (light gray) in the interstitial material. 


=, 

ry 
i 


Fic. 22.—-A Thin Section of Clinker Photographed by Transmitted Light (X 135). 


The clinker and figure were prepared 26 yr. ago. The clinker was especially characterized by a SiOz and Al2Os content 
of 18 and 11 per cent, respectively. At that time the technique of examination of etched sections by reflected light had 
not been developed. By the petrographic methods then in use, it was concluded that the formation appearing as elon- 
gated crystals was C3S. 


Fic. 23.—A Polished Section Very Recently Made of the 26 yr. Old Clinker Shown in Fig. 22 (X 750). 


Etching with water reveals the elongated crystalline development to be the dark crystalline interstitial material 
(possibly C3A in this case) noted in previous figures and not C3S._ The CsS is not etched with water and appears in the 
figure as the gray angular crystals lying apparently on top of the elongated crystals. 
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Epitor’s Note.—The committee in charge of the Symposium on Signifi- 
cance of the Tension Test in Relation to Design, one of a series of technical 
discussions planned in connection with the subject “Significance of Me- 
chanical Properties of Metals” consists, in addition to Mr. Lessells, Chairman, 
Massachusetts Institute of Technology, of G. F. Jenks, U. S. Army; H. F. 
Moore, University of Illinois; N. L. Mochel, Westinghouse Electric and 
Manufacturing Co.; R. E. Peterson, Westinghouse Electric and Manufac- 
turing Co.;and R. L. Templin, Aluminum Company of America. The Ameri- 
can Institute of Physics and American Society of Mechanical Engineers are 


cooperating closely. 
Institute of Physics. 


The Symposium on the Significance 
of the Tension Test in Relation to 
Design is devoted to the presentation 
and discussion of a group of papers 
dealing with the tension test of metals, 
with the twofold object of attempting 
to clarify the relationships between 
fundamental characteristics measured 
in such a test and, in addition, the 
relating of such characteristics to the 
design problem. 

The symposium considers only the 
tension test as made at normal tem- 
peratures and does not attempt to 
explore the effects of either high or low 
temperatures. 


Forms or Tests USED 


[he various forms of tests used by 
the engineer to assess his materials can 
be divided into two groups: (a) funda- 


Chairman of Committee on Symposium on Signifi- 

ce of the Tension Test of Metals in Relation to 
Design; Associate Professor of Mechanical Engineering, 
spncering Dept., Massachusetts Institute of Tech- 
nology, Cambridge, "Mass. 


Mr. F. Seitz is acting as representative of the American 
Mr. Peterson is acting as representative the 
A.S.M.E. Applied Mechanics Division. 


mental type and (6) type. 
The first type provides data which can 
be directly used for design purposes 
and the tension test is one of the most 
important, if not the most important, 
one in that group. The fatigue test 
is likewise an important test in this 
same group. The second type, or arbi- 
trary tests, is well represented by the . 
impact test and flexure test. While 
these are important tests in the control 
of materials they do not in their present 
stage provide data which can be directly 
used in design, hence their classification 
here as arbitrary. These facts have 
probably been recognized for the long 
period of years in which tension test 
data have been used. Even today 
many engineers continue to apply ten- 
sion test data for the design of mem- 
bers subjected to a wide variety of 
stress conditions. Modern thought has 
probably contributed most to setting 
limits on the conditions where such 
— can be applied and has indicated 
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those cases where more information is 
required for the best and most eco- 
nomical designs. It is of interest to 
observe here that from the results of 
modern research it is known that the 
fatigue strength is as nearly related to 
the tensile strength as with any other 
physical property. While rela- 


Cycles of Stress 


(2) Pulsating Stress -Tensile Minimum Stress 


fe 
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(6) Pulsating Stress-Zero Minimum Stress 


Tension 


Compression 


Tension 


(Reversing Stress equal to Endurance 
Limit 


Compression 


Fic. 1.—Graphic Representation of Steady and 


Reversed Stress. 


4 a pe Variable Stresses; Pulsating Stress and 


tionship varies over wide limits, designs 
subjected to cyclic or variable stress 
may be somewhat rational if based on 
the tensile strength. It is well known, 
however, that such an approach cannot 
be very accurate and it does not take 
into consideration the effect of stress 
concentration which can only be done 
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by looking at the design problem from a 
wider viewpoint. 


CODE FOR WORKING STRESSES 


In attempting to prepare a code for 
working stresses it is at once apparent 
that there are very few tests upon which 
a good foundation can be built. In 
the theory of elasticity, stress and strain 
are treated from a_three-dimensional 
aspect but most of our knowledge con- 
cerning the behavior of materials rests 
on the results of simple unidirectional 
tests. In this respect the tension and 
fatigue tests are the most important. 
This picture may, of course, be changed 
when more data become available in 
the behavior of materials under com- 
bined stresses. 

In the following the choice of working 
stress based on the yield strength or 
endurance limit is considered. It is 
recognized that in failure by buckling 
the critical stress rather than the yield 
strength is the governing factor. Such 
conditions have not to date been in- 
cluded in the code being discussed here. 

Accepting the tension and fatigue 
tests as the basis of our reasoning, 
stresses are classified as either steady or 
variable. The generalized? condition of 
variable stress as in Fig. 1 (a) may be 
considered as consisting of a steady 
stress S,, and a variable stress S,. 

The case of a pulsating stress is 
represented in Fig. 1 (0) and a com- 
pletely reversed stress by Fig. 1 (c). 
In this latter case S, = S, = endurance 
limit for reversed stresses. 

Materials are further classified as 
being either ductile or brittle. Ob- 
viously the limiting conditions for the 
case of steady stress must either be the 
tensile or the compressive strength and 

2 The following papers should be consulted: C. R. 
Soderberg, “Working Stresses,” Transactions, Am. Soc. 
Mechanical Engrs., Vol. 55, 131-140 (1933). C. R. 
Soderberg, “Working Stresses,’ Desig n Data, Am. Soc. 


Mechanical Engrs. Schaubilder, ‘ ‘Dauerfestigkeit”™ Zeit- 
schrift des Vereines deutscher Ingenieure (1933-1934). 
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for that of variable stress the endurance 
limit.* 
Or if S = tensile or compressive 
strength 
and S, = endurance limit for reversed 
stresses 
the variable stress S, Se 
and steady stress S, > S shies 
For the case of a ductile material the 
limiting condition will be as represented 
by OAC in Fig. 2. The line of failure 
for certain materials falls above AC but 
for simplification this is taken as AC. 
Such an assumption is,! however, on the 
safe side. Any stress-condition which 
falls outside of OAC according to this 
reasoning, which excludes hardening due 
to plastic yielding, will result in failure. 


Q 


Steady Compressive Stress Steady Tensile Stress 


Fic. 2.—Limiting Stress Conditions for Steady 
and Variable Stresses. 


The case represented by OAC, for com- 
pressive stresses is not so well clarified 
since in this case the criterion of failure 
is less definite. Certain experimental 
values do, however, conform to AC; for 
negative mean stresses. 

In the case of steady stress for ductile 
materials it is customary to take not the 
value of the tensile strength S = OC 
as the limiting stress but rather the value 
of the yield stress Sy». = OB. This 
means that the zone of failure is now 
represented by OAB for positive mean 
Stresses. As before, any stress condi- 


‘This assumes that the range of stress begins to de- 
crease when the mean stress of the cycle becomes com- 
nage This is true in general but some exceptions 
ave been noted. 
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tion within this area will not result in 
failure and this area will represent all 
combinations of stress varying from a 
steady stress OB to a variable stress OA. 

This general approach to the problem 
of working stresses has much to com- 
mend it. Some notable exceptions in 
the case of helical springs have been 
noted by Zimmerli* which deserve men- 
tion. Heat-treated chrome-vanadium 
steel springs to give a tensile strength 
of 205,000 psi. indicated a torsional en- 
durance range of 75,000 psi. for stresses 
varying from zero to a maximum, 
whereas stainless steel spring (17.4 per 
cent chromium, 8.9 per cent nickel) 
treated to give a tensile strength of 
216,000 psi. only indicated a torsional 
endurance range of 29,000 psi. when 
tested under similar stress conditions. 
Probably, however, these discrepancies, 
not explained by Zimmerli, are due to 
residual stress or surface effects which 
might be traced from a study of the 
elastic part of the tension test. In this 
discussion the effects of plastic flow due 
to tensile overstrain have been neglected. 
Haigh,® however, has shown that such 
overstrain can increase the maximum 
value of the variable stress to such a 
degree that the extreme value of S, + 
Sm approaches the tensile strength of 
the material. Some application of these 
ideas by Zimmerli to the improvement 
in helical springs by shot blasting will be 
mentioned later. 

The above refers to ductile materials. 
For the case of brittle materials the 
tensile and compressive strength must 
be regarded as the limits of failure but 
this case is more complicated by the 
fact that the properties of such materials 
in tension and compression are usually 
different. 
4F, P. Zimmerli, ‘‘Permissible Stress Range for Small 
Helical Springs,’’ Bulletin 26, Engineering Research 
Station, University of Michigan (1934). 

5B. P. Haigh, “Fatigue in Structural Steel Plates with 


Riveted or Welded Joints,” Transactions, Inst. Naval 
Architects, Vol. 81, pp. 84-116 (1939). 
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The above method allows also con- 
sideration being made of stress concen- 
tration effects. It is well known that 
rapid changes in section of machine parts 
lead to stress concentration. It is also 
generally accepted that for ductile ma- 
terials such stress concentrations are less 
dangerous for cases of steady stress than 
for cases of variable stress. With this 
understanding, factors of stress concen- 
tration established by photoelastic re- 
search are well known and can be ap- 
plied to the variable stress S, (Fig. 1). 
The results obtained by the application 
of theoretical factors are, in cases of 
departure, on the safe side. 


n 
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n 
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B 


| 


Fic. 3.—Graphical Method of Determining 
Magnitude of Steady and Variable Stresses. 


Figure 3, which has been reproduced 
from Fig. 2, indicates the conditions of 
steady and variable stress, the line AB 
representing the assumed line of failure. 

Although AB represents the assumed 
line of failure, every engineer will choose 
a factor of safety in order to cover the 
discrepancies which might occur in the 
load determinations, in the stress calcu- 
lations, and in the material. If this 
factor be taken as m then the design 
limitations will be set by line LM where 
OL = S,./n and OM = Syj»./n. The 
general case® will then be determined by 

6 Loc. cit., C. R. Soderberg. See also S. Timoshenko, 


“Strength of Materials,” Part Il, D. Van Nostrand Co., 
New York, N. Y., from which the above example is taken. 


the coordinates of a point such as G 
where the steady stress S,, is represented 
by OF and the variable stress S, by FG. 
Given the values of endurance limit and 
yield strength and a knowledge of the 
particular mode of stress variation the 
values of the variable stress S, and the 
steady stress S,, can easily be obtained 
by graphical means. 

If a machine part be made of medium- 
carbon steel such that the yield strength 
(Sy ».) = 42,000 psi. and endurance limit 
(S.) = 30,000 psi. and this part be sub- 
jected to a stress varying from 0 to 
Smax., then if the factor of safety n be 
taken as 2, triangles OAB and OLM can 
be drawn such that OL = 30,000/2 = 
15,000 psi. and to the same scale OM = 
42,000/2 = 21,000 psi. For the above 
stress condition S, = S, and this will 
be represented by a line OP drawn from 
0 at 45 deg. to OB. The coordinates of 
the point P of intersection of this line 
with LM gives the values of S,, and S,. 
For this particular case S,, = 8750 psi. 
and S, = 8750 psi. or Smax. = Sn + 
S, = 17,500 psi. 


CONSIDERATION OF STRESS 
CONCENTRATION 


If now this same machine part has a 
change in section such that the stress 
concentration factor’ k is 1.4, the same 
approach can be used to arrive at a 
satisfactory design. For such condi- 
tions it is assumed that any correction 
for stress concentration need only be 
applied to the variable part of the stress. 
This assumption seems justified on the 
grounds that stress concentration when 
applied to steady stress on ductile ma- 
terials will only lead to local yielding 
and hence a more favorable stress distri- 
bution. 


7 For tables of actual values see M. M. Frocht, “‘Fac- 
tors of Stress Concentration,” Design Data, Am. Soc. 
Mechanical Engrs. (1939); and N. C. Riggs and M. M. 
Frocht, “Strength of Materials,” Ronald Press, New York, 
N. Y. (1938). 
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Applying these data to the case under 
consideration, point WN is determined 
from the condition that OV = S./kn = 
30,000/1.4 X 2. The point N so ob- 
tained is joined with M and, as before, 
the coordinates of point R of intersection 
with the 45-deg. line from 0 determines 
the values of S,, as 7200 psi. and S, as 
7200 psi. This means Sex. for this case 
becomes 14,400 psi. as compared with 
17,500 psi. with no stress concentration. 


120000 


Steady Stress, psi. 


4.—Graphical Method (Adopted by 
V.D.1.) for Determining Magnitude of 
Steady and Variable Stresses. 


In other words this method of approach 
provides the designer with a tool whereby 
the effects of stress concentration can be 
fully regarded in his design. 

Steady and variable stress conditions 
can also be represented by a diagram, 
the ordinates of which are maximum- 
minimum stress and the abscissas the 
mean stress of the cycle. This is the 
method shown in Fig. 4 as adopted by . 


the Vereines deutscher Ingenieure® in 
their design sheets and has been found 
of considerable value in certain labora- 
tories in this country. This method has 
the distinct advantage of showing at a 
glance the effects of stress concentration. 
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IMPORTANCE OF YIELD STRESS 


The above brief summary of the pres- 
ent engineering viewpoint leaves many 
points on which more information is de- 
sired. In choosing the yield stress as 
the basis of failure for steady stress con- 
ditions are we on solid ground? This 
choice seems logical for those materials 
which have a definite yield point, but is 
the stress value corresponding to an ex- 
tension of 0.2 per cent justified for 
materials like copper or aluminum alloys 


which have no yield point in view of 
the known benefits of plastic flow? The © 


contributions of Nadai® and his cowork- _ 


ers have done much to clarify our under- 
standing of yielding phenomena but 
much yet remains to be done. Since it 


is to be expected that work on combined © 


stress will develop in future years, what _ 


should be the criterion of failure for such 
conditions? The beneficial effects of 
overstrain are mentioned above. 
the work which has been done on the 
shot blasting of helical springs “yr 
in a very substantial increase” in the 
safe fatigue range under stress conditions — 
which represent a steady torsional stress — 
plus variable torsional stress, it may be | 
that the choice of yield stress as now 
defined as the limit of failure for steady — 
conditions is unduly conservative. 


oe Design Sheet No. 42, V. D. I., October 21, 
Schenck, Stahl und Eisen, Vol. 52, B 660. Also 

ake by R. E. Peterson of Ap ‘poo to eport of the 
Research Committee on Fatigue of Metals: eee 
for Various Ranges in Stress in Fatigue, Proceedings, 
Soc. Testing Mats., Vol. 37, Part I, p. 162 (1937). 

9 > Nadai, “Plasticity,” McGraw-Hill Book Co., Inc. 
New York, N.Y ; also E. A. Davis, “Effect of Speed of 


Stretching and Rate of Loading on the Yielding of Mild : ag 


Steel,” Transactions, Vol. 60, pp. A-137-140, Am. Soc. 
Mechanical Engrs. (1938). 

A safe range of +20,000 psi. to +80,000 iow was 
namnatiel to +20,000 psi. to +-120,000 psi. by shot blasting — 
has been obtained by Zimmerli. 
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The importance which yield stress 


plays in the applications of materials 


_ may be shown in another way. Refer- 


_ ring to Fig. 1 (6) it is apparent that if 
the stress remains pulsating and does not 
_ become reversing 


: _ This means that a line BE drawn as in 
2 Fig. 2 at 45 deg. to OC will satisfy con- 


= Sy». Any 
_ point to the left of Z, the point of inter- 
section of fatigue line CA, will represent 
conditions where fatigue failure i is likely 
to occur prior to yielding because 


as spectively. In the case of alloy steels 
a e: _ the value of the yield stress Sy». will be 


Am Kini point to the right of EZ will represent 


conditions where yielding is likely to 


+ sa occur prior to fatigue because S,, + 
> Sy.p.- 


In the case of an annealed 
0.3 per cent carbon steel the value of S, 
, Se, represented, 


70,000, 37,000, and + 30,000 psi., re- 


increased to a much greater percentage 


“ pa of the tensile strength than is the increase 
endurance limit. 
oil hardened and tempered 33 per cent 
nickel-chromium steel!" 


For instance, for an 


the values of 
 Sy.p. S and S, would be changed to 
— 128,000, 138,000, and + 68,000 psi., 
Accordingly, using the 
same convention, point Ei in Fig. 2 will 


bilities of fatigue failures occurring before 
yielding takes place. is recog- 


since experiments show 
_ that fatigue failures may not take place 


11 H. F. Moore and J. B. Kommers, ‘‘An Investigation 


of Fatigue of Metals,” Bulletin 124, University of Illinois 


(1921). 
Hai 


viewpoint is Golly discussed in an article by B. P. 
“Relative Safety of High Tensile and Alloy Steels 


Un ‘Alternating and Pulsating Stresses,’’ Proceedings, 


Inst. Automobile Engrs., Vol. 24, PP. 


respectively, by 
* OC, OB, and OA will be of the order of 


until the stress has exceeded that at E. 
If, however, point EZ is taken, this means 
that in the case of a carbon steel there 
is more likelihood of local yielding oc- 
curring, thereby allowing a redistribution 
of stress, than in the case of alloy steels. 
To apply this to an actual design prob- 
lem: is it better to use a carbon steel in 
an aircraft engine connecting rod stud 
where the yield point is nearer to the 
fatigue strength or an alloy steel where 
the yield point is considerably in excess 
of the fatigue strength? ~ 


HicH YIELD RATIO STEELS 


All of these phases of the strength 
problem seem to be involved in a dis- 
cussion of strength properties as shown 
by the tension test. They also raise the 
question of the efficacy of high yield 
ratio steels under variable stress con- 


IMPORTANCE OF DUCTILITY 


Regarding the question of ductility 
values obtained from the tension test, 
engineers might classify ductile materials 
as those which show an elongation in 
the tension test of 5 per cent and over, 
and brittle materials as those which 
indicate less than 5 per cent. This is 
quite an arbitrary choice but obviously 
some line of demarcation between known 
ductile materials such as soft steel and 
copper and known brittle materials such 
as cast iron must be made in any ra- 
tionalizing process. As regards the value 
of ductility which arbitrarily classifies 
the ductile and brittle materials, the 
engineer looks upon this as a safeguard 
against the effect of stress concentra- 
tions. Certain data," although very 
meager, are available to support this 
viewpoint. The new ideas regarding 
ductility which we are now obtaining 


“Solid Crank Axles,” Engineer, Decem- 
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from previous work of Ludwik™ and the 
more recent contributions of Mac- 
Gregor may help to clarify some of 
our ideas regarding the importance of 
ductility values. On certain points en- 
gineers are clear. It is generally under- 
stood that so-called ductile materials can 
be made to behave as brittle materials 
and that the usual sliding failure ob- 
tained on such can become substantially 
a separation failure. It may therefore 
be in order not to classify materials as 


4 P. Ludwik, “Bruchgefahr und Materialpriifung,” 
Berichte 35, Eidgenéssische Materialpriifungsanstalt, 
(1928). 

W. MacGregor, “Relation Between Stress and 
in Area for Tensile Test of Metals,” Technical 
Publication 805, Am. Inst. Mining and Metallurgical 
Engrs. (1937). 
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brittle or ductile but as Nadai!® has 
suggested refer to the brittle or the | 
ductile state of materials. 


AIMS AND SCOPE OF SYMPOSIUM 
It is for the purpose of bringing before 


- the materials engineer the viewpoint of 


the designing engineer and to allow clari- 


fication of certain of the characteristics __ 
of the tension test some of which have | 


been mentioned above, that the present 
symposium was organized. 

The symposium consists of three | 
papers dealing with the more funda- 
mental aspects, the strength features, 
and the ductility features. 


18 Loc. cit., Nadai; also loc. cit., Timoshenko. ah 7 
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The short-time tension test is one of 


_ the most common methods used today 


to evaluate the physical properties of 
materials. 


Although experience has 


shown that the quantities determined 


in this manner are not in themselves 
sufficient to enable the engineer to 
predict the behavior of the material 
under all conditions of stressing, this 
form of experiment still constitutes the 


_ basic procedure in evaluating static 


material properties. Aside from the 


- quantities determined directly, a wealth 
of practical experience has been built 
around the test, making it possible to | 
predict, in many cases, satisfactory per- 
formance of the material from field ex- — 
periences on materials having similar 
It has also been 
possible to use certain physical quan- = 


tensile properties. 


tities, such as the yield strength deter- 


mined under pure tension, together with 
modern theories of strength, in order to 


es _ THE TENSION TEST 
C. W. MacGrecor? 


uk 


test bar is round as shown in Fig. 1, it 
has been the standard practice in this 
country to choose the diameter d, of 
the bar equal to $+0.01 in. and the 
gage length LZ, equal to 2+0.005 in. 
The choice of gage length and diameter 
of the specimen is usually different in 
each of the larger countries of the world 
necessitating certain conversion formu- 
las if the final axial strains are to be 
compared. In recording the data, either 
load-deformation diagrams or stress- 
strain diagrams, referred to original 


predict the behavior of metals under a hae 7 Fic. 1.—Bar in Tension. 
states of static combined stresses which ,. 


occur so often in practice. 
The tension test is usually conducted 


by applying increasing increments of 


_ axial load to a test bar, which may be 


either flat, round, or tubular, and by 


_ measuring the ensuing deformation with 


- some form of strain gage. 
cedure followed in this country for 
metals 


The pro- 


is covered in the A.S.T.M. 


- Standard Methods of Tension Testing of 


_ Metallic Materials (E 8 — 36).? 


If the 


1 Associate Professor of Applied Mechanics, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 
21939 Book of A.S.T.M. Standards, Part I, p. 750. 


dimensions, are plotted manually or by 
means of an autographic recorder. 

If the material under test is mild steel, 
for example, it is found that load and 
deformation are linearly related up to 
the so-called proportional limit. When 
the load is increased still further, a value 
is reached at which a sudden instability 
in the equilibrium develops during 
which the load drops to a lower value 
and does not usually increase to its 
former magnitude until the test bar has 
elongated several per cent. The stress 
corresponding to the load, just before 
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the sudden decrease, is known as the 
upper yield point and the stress corre- 
sponding to the lower value of the load 
after the drop-off, the lower yield point. 
The upper yield point is usually re- 
corded. Following this period during 
which the deformation is not uniform 
along the test bar, the load begins to 
increase again on the testing machine, 
and the test bar lengthens uniformly, 
that is, with the exception of portions of 
the test bar near the enlarged ends the 
diameter of the bar for any given load 
is about the same along the length of the 
specimen. A maximum value of the 
load is soon reached, however, following 
which a local constriction appears some- 
where along the length of the bar and 
the load again begins to drop off. The 
stress obtained by dividing the maxi- 
mum load by the original area of cross- 
section is called the tensile strength 
and this stress value is always reported. 
After fracture the percentage elongation 
and the reduction of area are deter- 
mined, the percentage elongation being 
computed by dividing the change in 
length by the original gage length and 
the reduction in area by dividing the 
change in area of cross-section by the 
original area. 

If the material happened to be one of 
the non-ferrous metals such as copper, 
the procedure would be much the same 
except that since no yield point is ob- 
tained, the so-called yield strength would 
be determined by the off-set method 
(A.S.T.M. Designation E 8 - 36). 

The usual procedure then is to deter- 
mine the proportional limit, the yield 
strength, the tensile strength, the per- 
centage elongation, and the reduction of 
area, and if the stress-strain curve is 
plotted, this usually refers both the 


‘stress and the strain to the original 


dimensions of the test bar. This 
method has given us yaluable informa- 
tion in the past, and will, no doubt, con- 


a 


AVES 


tinue to do so in the future. That the 
method has certain limitations when 
looked at from a broader point of view 
has become apparent to many investi- 
gators. It is felt that at least one fac- 
tor, which has in the past limited the 
true significance of certain tensile prop- 
erties and perhaps curtailed their use- 
fulness, especially in cases where the 
material is applied under conditions 
differing considerably from the test 
conditions, is that true physical stresses 
and strains are not determined. The 
effect of this is more pronounced, of 
course, in the plastic range near fracture. 
In order to correlate the stresses and 
strains determined in a tension test with 
those present in metal forming opera- 
tions, cold-working processes, tests of 
materials subjected to combined stresses, 
and in general to attempt to clarify 
the laws governing the failure of mate- 
rials under different conditions, a knowl- 
edge of true stress and strain values is 
essential. Stress and strain values 
based on the original dimensions of the 
test bar are not physically present ex- 
cept in the early stages of the stress- 
strain diagram, and it has little meaning 
to attempt to correlate them with those 
obtained in other processes. Further, 
the present methods used to depict 
ductility properties are subject to some- 
what similar restrictions. In most of 
our specifications, both percentage elonga- 
tion and reduction of area values are 
given. Attempts have been made to 
correlate these values with the general 
behavior of the material under service 
conditions. It would seem desirable to 
also determine true strains and reduc- 
tion of area values for this purpose. 

It is the author’s feeling that much is 
yet to be learned about the tension test, 
and that while we have a lengthy back- 
ground covering the routine tension 
test, we are not so fortunate with re- 
gard to experiments in which true 
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stresses and strains are reported. Only 
later experiences will show whether 
values of stress and strain defined on a 
truly physical basis will yield more in- 
_ formation in the application of our 
_ materials than the tests as ordinarily 


conducted. At present, it seems to be a 


_ safe assumption that such may prove to 
It is felt then that in order 
to discuss the physical significance of 
tension test values, the first step is to 
define these quantities in a physical 
manner and then to show the relation- 


ships obtained between them. In order 


to do this it will be necessary to depart 


- from a consideration of the routine ten- 


sion test. At present there is not 
enough experimental information avail- 
able to relate some of these quantities 
to the behavior of our materials under 
service conditions not duplicated by 
those of the test. It is to be hoped that 
this gap in our knowledge will be filled 
in the near future. 

In order that the statements which 
appear above may not be subject to 
misinterpretation, let it be stated here 
that for many routine tests, the pro- 
cedures already in common use may still 
prove sufficient for the purposes for 
which they were intended. To obtain, 
however, a better physical picture of 
what the tension test really determines, 
and to correlate these values with those 
obtained in other tests and under other 
conditions of stressing, and to gain a 
better understanding of the general be- 
havior of materials under stress, a cer- 
tain departure from the customary test- 
ing procedures is necessary. 

The subject of the tension test and 
its many ramifications might well fill 
at least one book of rather formidable 
proportions. It is therefore. obviously 
not possible in. such a short paper to 
discuss each phase in detail, and some 
subjects will of necessity have’ to be 
omitted. The paper, for the most part, 


will deal with the tension test on com- 
mon engineering polycrystalline metals 
tested at normal speeds of testing and at 
normal temperatures. The following 
related subjects are _ intentionally 
omitted: tension impact; creep; short- 
time, high-temperature, tension tests on 
steels and normal-temperature tests on 
low-melting metals such as lead in which 
creep becomes a problem; the effects of 
heat treatment and other metallurgical 
questions; the so-called elastic portion 
of the stress-strain curve; hysteresis; 
experiments on single crystals; arbitrary 
definitions of yield strength; strength 
properties of the new high-strength 
alloy steels; aging; previous history of 
the metal before test; energy values; 
etc. Some of these questions will be 
discussed by others in the symposium. 
The intention is to give, first, a brief 
review of some of the important work 
done by various investigators in the 
past. This, it is hoped, will serve as a 
background for the subjects to follow. 
A discussion will then be made of some 
of the newer definitions of strain to- 
gether with their relation to the strain 
values in common use, of ductility 
values defined in different ways as ob- 
tained from tests on various materials, 
and of true stress-strain curves con- 
structed by different methods and based 
on recent experiments performed at the 
Massachusetts Institute of Technology. 


PREVIOUS WORK 


As was mentioned above, due to the 
very extensive literature existing on the 
tension test, space will permit reference 
to only a few of the important contribu- 
tions on the subject. The following 
brief review does not, therefore, purport 
to be a complete résumé in any sense of 
the word, but is included to form a back- 
ground for the. succeeding discussion. 

The stress-strain curve, or the load- 
elongation curve, obtained on a mild 
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steel may be roughly divided into four 
parts: the so-called elastic region from 
zero load to the upper yield point, the 
yield point elongation portion, the re- 
gion from the end of the yield point 
elongation to the maximum load point 
(the so-called uniform elongation por- 
tion), and the necking region during 
which the load on the testing machine 
drops off to fracture. For non-ferrous 
metals, the above divisions reduce to 
three in number. Many investigations 
have been carried out in which only one 
or two of these regions of the stress- 
strain curve were discussed. In the 
present review, each of these regions 
will be discussed with the possible 
exception of the elastic portion. 


Stress-Strain Curves: 


One of the most common methods of 
recording graphically the behavior of a 
metal subjected to tensile stress is to 
plot the tensile stress S,, obtained by 
dividing the load P by the original area 
A,, as a function of the strain ¢,, which 
is defined as the change in gage length 
AL, from the original length L, divided 
by the original length Z,. A list of the 
symbols used in the paper is given in 
an appendix to this paper.* While this 
procedure has proved of considerable 
value in the routine testing of materials, 
it does not have a very sound physical 
basis, as was first emphasized by Lud- 
wik (1).4 It has the disadvantage that 
a clear insight into the true physical 
behavior of the material when subjected 
to tensile stress is not evident. As was 
mentioned in a previous communication 
(3), some of the objections to this 
method are that: (1) a fictitious stress 
value is obtained which does not actually 
exist; (2) the strain ¢, becomes less and 
less exact for large values of AL,; 
(3) when necking starts the strain varies 

3 See p. 534. 

‘ The boldface numbers in parentheses refer to the 


ond papers in the bibliography ap- 
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considerably over the gage length and 
€, is not the true strain at any point on 
the outside of the bar; and (4) the axial 
strain varies over the cross-section of the 
necked portion, and ¢, does not represent 
the average of these strains over the 
cross-section. 

To overcome some of these objections, 
various methods have been suggested. 
In some of these, only the stress is 
corrected by dividing the load by the 
actual area of the bar present when the 
load is acting (4), thus using the same 
definition of strain as mentioned above. 
Further, the stress so obtained is often 
called the true stress which, of course, 
is only the true stress as long as no 
actual necking has taken place. After 
necking has started, this value repre- 
sents only the average of the true 
stresses acting in the axial direction 
(5). The method is still open to the 
objections 2, 3, and 4 listed above. 

Ludwik (1) and later Hencky (2) sug- 
gested that the true strain be defined — 


ery 


in which case this definition holds for 
strains both large and small and ap- 
proaches 0 for small values of AL. 


refers the change in gage length to the 7 


length from which that change was pro- 
duced and not to the original length. 
Sspenane to this suggestion then S = 


a would be plotted as a function of 


= log r While this may be carried 


out as long as no necking takes place, as 
passed and a local constriction has begun 


and, if, as in the usual case, a gage length 
of 2 in. is used, the value loses its 


physical significance, since it holds fora 


bar of uniform cross-section. To apply © 


this method i in the necking region of the 


4. 
- A 
id 
[ 
l 

f 
2 
= 
| | 
1 
e 
Ms a 
t 
f 
d 


bar, using a small gage length, certain 
practical difficulties are at once evident. 
Stead (6) proposed that the average 
P 
_ true stress A be plotted as a func- 
tion of the decreasing diameter. This 
procedure is free from certain of the 
_ disadvantages of the other methods men- 
_ tioned and a convenient linear relation- 


ship is obtained between 4 and d for the 


region of the curve from the value 
corresponding to the maximum load to 
_ fracture. The curve so obtained does 


_ not then have a strain value as abscissa, 
and is not applicable to flat bars. 

A method in common use (7 to 14), es- 
pecially in the deep-drawing industries, 


is to plot S = ‘ as a function of g, = 


men. or the so-called reduction of 


. Although this procedure has 
_ Inany advantages over previous methods 
of recording data, the value of g, does 
not represent the true reduction of area, 
being subject to the same restrictions 
which apply to « and hence not easy 
to correlate with true strain. 

Norris (15) has obtained some in- 
teresting relationships by plotting the 
log of the true stress as a function of the 
log of the strain «. It was found that a 
straight line was obtained for most 
materials throughout the major portion 
of the diagram. 

A method was suggested recently 
- (3) which has perhaps fewer disad- 
vantages than former procedures de- 
signed to represent stress-strain data 
obtained from the tension test. Accord- 


ing to the latter, the average true stress 


is plotted as a function of the 


true reduction of area g’ = log o. 
This will be described in some detail 
in the discussion to follow. During the 
preparation of this paper, it came to the 
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author’s attention that Maier (16) in 
Germany has also followed this same 
procedure independently. Since, how- 
ever, only a few tests were reported and 
these were only incidental to the main 
portion of his experiments, Maier drew 
no conclusions as to the convenient 
linear portion of the diagram between 
the maximum load and fracture. Also 
no mention was made of different ways 
of constructing such curves, as, for 
example, the two-load method which 
will be discussed later on. 

In certain problems it has been found 
worthwhile to plot curves of the octa- 
hedral shearing stress 7, against octa- 
hedral shearing strain y, from data 
obtained by means of the tension test 
(17, 18). 


Yield Strength and Speed Effects: 


The phenomenon of the upper and 
lower yield points as exhibited by a mild 
steel is a fascinating subject and has 
incited the interest of a large number of 
experimenters (19 to 33). This is 
closely tied up with the formation of 
flow layers or the so-called Liiders’ 
lines. The reasons for the discontinu- 
ous behavior with a sudden drop of the 
load at the yield point in a mild steel 
do not yet seem to be entirely clear. It 
has been shown by various investigators 
in recent years that this discontinuous 
behavior is not restricted to mild steels. 
A similar effect has been reported in 
zinc and cadmium crystals by Beckerand 
Orowan (34); in duralumin and other 
aluminum alloys by Dawidenkow (35), 
Elam (36), Fell (27), and others; in 
brass by de Forest (37); in higher car- 
bon steels, tungsten steel, and nickel 
steels at certain temperatures and strain- 
ing speeds by Yuasa (38); and in single 
crystals of iron by Gensamer (31). 
Flow layers or Liiders’ lines can, for 
example, be rather easily obtained in 
duralumin, and these layers will | be 
identical in appearance to those obtained 
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in mild steel. Some of the above mate- 
rials, when tested with very precise 
equipment, showed for certain tempera- 
tures discontinuous yieldings during the 
entire yielding range to fracture, leading 
some investigators recently to the con- 
clusion that: possibly all plastic flow 
occurs in a stepwise discontinuous man- 
ner. 

The effects of testing speed on the 
yield strength and the tensile strength 
have been investigated recently by 
Brinkman (39), Deutler (40), Elam 
(36), Winlock and Leiter (41), Davis 
(42), Morrison (43), Hougardy (44) and 
others. Davis conducted careful tests 
in which the rate of loading could be 
varied in the ratio of 21,000 to 1, in- 
dependently of the rate of strain. He 
found, for example, that with a speed 
ratio of 14,300 to 1, the yield point of a 


mild steel increased about 29 per cent. . 


Brinkman and Deutler varied the rate 
of strain by as much as 1,000,000 to 
1. Their results checked Ludwik’s lo- 
garithmic speed law: namely, =~ 
S=Si+S:lg—- 
where Se, and are constants. It 
was found that the results reported by 
Winlock and Leiter also conformed 
fairly well to this law when the data were 
plotted on semi-logarithmic paper.’ 
Winlock and Leiter showed also the im- 
portance of the grain size on theresults 
obtained. For the steel tested by Deut- 
ler (20 per cent carbon), a speed ratio 
of 1000 to 1 increased the yield point 
18 per cent, while the yield point of a 
steel (0.04 per cent carbon) investigated 
by Winlock and Leiter increased 55 per 
cent. For this same speed ratio, Deut- 
ler found an increase of 5.3 per cent in 
tensile strength, while Winlock and 
Leiter obtained an increase of 11.3 per 


5 This was done by one of the author’s graduate stu- 
dents, Mittelberger. 


cent. Morrison tested a low-carbon 
steel of the same carbon content as that 
used by Deutler and found a velocity 


effect slightly smaller although com- 


parable in magnitude to Deutler’s re- 
sults. The above tests indicate that 


there may be a considerable difference _ 


in velocity sensitivity in the neighbor- 
hood of the yield point for different mild 
steels. 

The effect of the speed of testing 
within the range which can be produced 
with ordinary testing machines has 
been investigated recently by H. F. 
Moore at the University of Illinois for 
the Society’s Committee E-1 (Section 
on the Effect of Speed of Testing). 
It was found that although there is a 
distinct effect on tensile values, the 
effects are small and rather wide toler- 
ances in the speed of testing can be per- 
mitted without introducing any serious 
error for most of the ductile metals. In 
some of the early experiments on S — q’ 
curves, which will be described later on, 


_ the author checked the general effect of 


the speed of testing on the quantities 


measured in the tension test and arrived _ 


at a similar conclusion, that is, that 
rather wide variations in the speed of 
testing produced only slight differences 
in either stress or strain values. 


Austenitic steels have shown, on the > 


contrary, rather large and erratic speed 
effects as was recently reported by 
Hougardy (44). 


testing. For some of these steels, the 
percentage elongation and reduction of 
area values increased with higher speeds 
of testing while in others these quantities 
decreased. The same result was found 
for the tensile strengths. 


The Elongation Equation: 


The problem of the conversion of per- 
centage elongation data from one form | 


In all cases the yield 
strength increased with the speed of 
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another has occupied the attention of 


- mumerous experimenters (45 to 53). 


The elongation equation provides the 
vehicle by means of which this may be 
accomplished. This equation has been 
established in many different forms, 
but in general it is made up of a term 
giving the local strain (which is not a 
true strain) plus another term which .is 
the general or uniform strain. The 
need for such an equation arises from 
the fact that our specifications usually 
require the. percentage elongation at 


fracture in 2 in. to be given, and the 


local strain portion of the equation de- 
pends on the ratio of the transverse 
_ dimension to the gage length. As was 
mentioned before, the percentage elonga- 

tion value so measured is not a true 
strain, since the specimen is no longer of 
a uniform diameter and this quantity 
_ therefore has no clear physical meaning. 
It is felt that the need for such a con- 


version equation would not be evident 


if a different procedure were adopted in 
recording and defining ductility values. 
_ This will be discussed more fully later 

on. of 


When a ductile metal fails in tension, 
considerable local constriction takes 
place, accompanied by a three-dimen- 
sional stress distribution in the necked- 
down portion. The distribution of these 
stresses at fracture is not known. For 


certain metals, tests have shown that 


failure starts by means of a crack per- 
pendicular to the axis of the specimen 
near the center, that is, at right angles 
to the direction of the average of the 
true stresses. There is reason to believe 
that the axial stresses present are larger 
than either radial or tangential stresses. 
Further, Maier (16) has shown that at 
fracture, tubes subjected to combined 
stresses produced by internal pressure 
and axial loading failed always when the 


principal stress reached a value equal 
to that obtained in a tension test by 
dividing the fracture load by the frac- 
tured area, and this independently of 
the combined stress ratio. These tests 
thus indicate an important application 
of the average of the true breaking 
stresses obtained by dividing the frac- 
ture load by the fractured area, that is, 
the possibility of using it to predict 
failure by fracture in metals subjected to 
combined static stresses. Only further 
experiments can check this point. 

Morrison (32) has shown that the 
average of the true breaking stresses 
at fracture in tension is the same regard- 
less of the state of the metal tested with 
reference to overstrain. He over- 
strained a mild steel in various fashions 
by combined tension and torsion, , or 
tension only, and then tested in tension 
samples cut from these bars. Although 
the true ultimate tensile strength varied, 
the average of the true stresses at frac- 
ture remained the same for all cases. 
That such would be the case was pre- 
dicted theoretically by Morrison on the 
basis that, at tensile fracture, the 
material consists of crystallites only, 
oriented at random, and the tensile 
stress to produce rupture should then 
be independent of the original state of 
overstrain in the material. 

There is considerable evidence that 
the average breaking stress is more of a 
material constant than the true tensile 
strength. Theoretically, the true ten- 
sile strength is a point on the curve of 
true stresses and merely marks the posi- 
tion where local necking starts. The 
breaking stress is the maximum stress 
that the material is able to withstand in 
tension. 

Ludwik (54) has shown that the 
breaking stress helps to bring out cer- 
tain properties not reflected in changes 
in tensile strength such as effects of 
overheating, chemical influences, etc. 
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As was suggested by W. Kuntze (55) 
and discussed by Bain (56), Hoyt (57), 
McAdam and Clyne (58), and others, 
there isa need for information on the so- 
called “technical cohesive strength” of 
the original unstrained metal. The 
breaking stress for a necked-down tension 
specimen does not provide this informa- 
tion since the material has been cold 
worked. In order to obtain this value, 
Kuntze made tests on bars containing 
deep sharp notches which tended to 
restrain the metal from yielding, thus 
producing a separation type of failure. 
It has been shown that this technical 
cohesive strength first increases and then 
decreases with previous plastic deforma- 
tion. The average true stress in a 
uniform test specimen continues to 
increase until failure by separation. 
The breaking stress in the tension 
specimen is then equal to the so-called 
technical cohesive strength for the 
cold-worked material. 


STRAIN AND REDUCTION OF AREA 


In order to record and specify the 
percentage change in dimensions of 
tension test specimens when subjected 
to stress, a number of definitions of 
strain have been suggested by engineers 
in the past. A few of these definitions 
will be discussed below. 

It is perhaps only natural that the 
definition of strain which has come into 
the most common use in the testing of 
materials under uniaxial stress condi- 
tions should be essentially the same one 
which forms the basis of the strain 
analysis in the mathematical theory of 
elasticity. If the deformation AL,, or 
the change in dimension, is small com- 
pared to the original dimension L, from 
which this change takes place, then the 
AL, 


strain by this theory is e, 


Since, for elastic conditions, the per- 
centage change in L, is very small, this 
length provides a convenient and ob- 
vious reference value upon which strain 
calculations may be based. 

It has, however, become the custom 
today to use this convenient definition 
of strain for changes in length compar- 
able in the order of magnitude to the 
original gage length. To mention a 
few examples of this, the percentage 
elongation values at fracture for various 
ductile polycrystalline metals tested in 
tension, the large deformations ob- 
tained with single crystals, the excessive 
deformations realized in many metal- 
forming operations which may be as 
much as 200 to 300 per cent (11), the 
deformations possible in rubber, etc., 
comprise only a few cases in which, 
although under large deformations, this 
same method of specifying strain has 
been used. In cases of this kind, some 
ambiguity exists in the choice of the 
proper reference length. No longer is 
the choice as apparent as it was for small 
deformations. Our intuitive conception 
of strain as a change in length referred to 
the length from which that change is 
produced leads us to the conclusion 
that, for deformations large or compar- 
able in magnitude to the original gage 
length, our strain definition is more likely 
a summation process. It would then 
be desirable to derive such a strain 
expression which would be valid for 
deformations large or small. 


“oy 


= 


In order to do this, let us considera _ 


uniform tension test specimen of ori- 


ginal gage length L, and cross-sectional — 


area A,, and apply successively to it 


small increments of axial load AP;. Cor- _ 


responding to each step in the loading 
AP; there will result small increments in 
length AZ; and decrements in area 


Referring each small AL; and 
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: was produced, as noted above, we obtain 


set 


where P, ¢, and g’ are the total axial 
load, the true strain, and the true reduc- 
- tion of area, respectively. If Z and A 
represent the final length and area of 


within the ranges of deformation usually 
encountered in the tension test, 


and hence for a bar of uniform area of 
cross-section, 


from which it is seen at once that the 
true strain and the true reduction of area 
are equal. 

It can be shown that the true strain 
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Fic. 2.—Comparison of Strain and Reduction of Area Values for Various Amounts of Deformation 


the specimen, we get, by passing to the 

limit as m — © and AL; and AA; ap- 

proach zero, ate bi 

th 


Since for most engineering ductile 
metals the volume remains constant 
when the material is plastically de- 
formed (to within about 1 per cent error) 


definition for e given in Eq. 2 becomes 
AL, ‘ 

il for very small strains. 

From consideration of Eq. 3, it is 
possible to show the equality of certain 
other definitions of strain and reduction 
of area which have been used in the 
past. For example, for a bar of uni- 
form cross-sectional area, = | 


~ 
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AL, 
= Lo mals 
AA, 6 

A A” 
It is important to note that Eqs. 4, 5, 
and 6 are true only for specimens of 
uniform cross-sectional area, and do not 
hold when comparing strains, for exam- 
ple, over a 2-in. gage length of a frac- 
tured specimen, with the reductions in 
area. As will be discussed under the 
next heading, these equations can be 
used, however, when small enough gage 
lengths are chosen on fractured speci- 
mens. 

From Eqs. 4, 5, and 6, the true strain e 
and true reduction in area g’ may be 
expressed in terms of the other values of 
strain or reduction of area given in the 
last two equations as follows: 


exg= —log (1 — 
= —log (1 — 


Figure 2 shows the relative magnitudes 
of these different values of strain and 
reduction of area, plotted as a function 
of or 

L, 
aa greater than the others; « = q’, 
or the true strain and reduction of area, 
values are next in magnitude, with 
& = @Q, or the ordinary reduction of 
area, the smallest. Since we are ac- 
customed to values of g., or the ordinary 
reduction of area, larger than the per- 
centage elongation in 2 in. in the 
ordinary tension test, the relative values 
of these quantities might at first appear 
contradictory. That such is not the case 
is at once evident when it is realized that 
a comparison is made in Fig. 2 of values 
received on specimens of uniform cross- 
sectional area and not for the case of 
necked-down tension specimens where 


It is seen that = are 
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‘€ is over a large gage length including = 


the constricted portion. The relative 
order of magnitudes given in Fig. 2 does, 
however, hold for strains over very | 
short gage lengths even in the necked 
portion of the tension specimen after 
fracture. 

It is possible to derive simplified ex- 
pressions for the true strain « and the 
true reduction of area g’ which are often 


sufficiently accurate for the strain values _ a 


usually encountered in polycrystalline 
ductile metals. This may be done by 
expanding the logarithm in a series as 
given in Eq. 8. 


Ao 
‘= 
q log 


* 
coal 


The terms beyond the first in the above - 
series are usually very small as com- 
pared to the initial term, since the series 
is rapidly convergent, and can there- 
fore be neglected. Hence,¥the true 
reduction of area is essentially the change © 
in area divided by the average of the 
initial and final areas. . 

This same procedure may be carried 
out for the true strain e, and making 
use of Eq. 7 we may then derive the 
following approximate expressions for 
the true strain, or true reduction in area: 


_ AL, 
Ao +4 Leth 
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‘In the last term of Eq. 9, the true strain 
is given in terms of the initial diameter 

d, and the final diameter d of a round bar. 

A comparison is made in Table I of the 
‘magnitudes of strain and reduction in 
area given by these different definitions. 

It may be seen that corresponding to a 
strain €, of 50 per cent, the approximate 
expressions given in column 5 are ac- 
curate to within about 1 per cent as 
compared to the true values given in 
_ column 4. For a strain « of 100 per 
4 cent, the approximate values in column 
_ § deviate by 3.9 per. cent from those in 
column 4. For strains greater than 


oA TABLE I.—COMPARISON OF STRAIN AND REDUC- 
TION OF AREA MAGNITUDES. 


WG Qo 


AWN 


| 
| | 


38 


} 


_ these, the approximate expressions are 
much in error. 
Referring to «, = 50 per cent again 
Ba “a and comparing columns 2 and 4 it may 
seen that is different from by 23 
- a per cent. The divergence between the 
two, of course, widens with larger 
strain values as shown. 


DuctTiLtity VALUES 


In the past, various measures of 
ductility have been proposed (59). It is 
_ rather common practice today to con- 
_ sider the percentage elongation in 2 in. 

€, together with the percentage reduction 

of area as convenient ductility values 


for round specimens. It is recognized 
that both of these quantities give sorne 
information not included in the other, 
although there is a tendency in various 
quarters to favor the reduction of area 
as perhaps being the more reliable duc- 
tility guide of the two (60, 61). While 
figures on reduction of area are always 
more difficult to obtain on flat specimens, 
this can be done reasonably well if a 
standard size specimen is used. In case 
sheets of different thicknesses are tested, 
this is not the case and reliable figures 
on reduction of area are not easy to 
obtain. In order to have better ductility 
guides for sheet material, various forms 
of tests have been devised ranging from 
the wedge-drawing apparatus of Sachs 
(62) to attempts to simulate the deep- 
drawing applications by means of the 
Ericson cupping test, and others of a 
similar kind. As Templin (59) points 
out, there is considerable lack of agree- 
ment in the results obtained by these 
different forms of test on sheet metals. 

It is the purpose herein to confine 
the discussion, therefore, to ductility 
values obtained on round bars. Pro- 
posals have been made at various times 
to use the uniform elongation, that is, 
the elongation in mild steel from the 
yield point to the maximum load, as an 
additional measure of ductility. This 
would have the advantage that it is 
independent of the size of the test 
specimen. The idea has been usually 
to obtain this uniform elongation from 
axial strain measurements. 

Let us then examine the possibility 
of using diameter measurements to 
obtain a more exact determination of 
ductility values. If simultaneous mea- 
surements of load and diameter are 
made during the test, the diameter 
corresponding to the maximum load 
can easily be obtained and the diameter 
just before yielding starts is also known. 
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This latter diameter can be taken as 
the original value, since the difference 
can hardly be noted on a micrometer or 
dial gage and clamp, whichever instru- 
ment is used. The true strain ¢, or the 
true reduction of areagq’, at the maximum 
load (which is the true uniform strain) 
is then 


where A, is the original area and A, that 
at the maximum load. When the test 
specimen necks down and _ fractures, 
the true strain e, or the true reduction 
of area q’, at fracture is 
Ae 

qo = & 
where A, is the fracture area. Since 
both A, and A, are known, the true local 


necking strain e, or true local necking 
reduction of area q’, becomes i 
» 


‘n = €, = log — 
q 


It is then readily seen that 
or that 


In other words the strains when defined 
in this way add directly. That is, the 
true strain or reduction of area at fracture 
is equal to the direct sum of the true uni- 
form strain and the true local necking 
strain. When defined by the older «, 
method, such superposition is not pos- 
sible even if the bars remained of uniform 
diameter. If the approximate definitions 
of e and q’ given in Eq. 9 are used, it 
can also be demonstrated that Eqs. 13 
and 14 are also approximately true. 
This serves to bring out one additional 
advantage: of the logarithmic definition 
of strain. 


With to values for the 
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tension test, then, it is proposed herein 
that two new quantities be used to define 
such ductility, namely ¢, = q’, and €, = 
q’, in place of the commonly reported 
values of « and Since neither 
nor €, depend on a fixed gage length, 
comparisons of ductility values obtained 
on bars of different sizes may easily be 
made without the necessity of using 
the elongation equation. In fact, by 
following the above definitions of strain, 


*the need for a complicated elongation 


equation of conversion would no longer 
be evident. The ¢«, value determined 
over a 2-in. gage length would not 
represent the true strain even if the 
specimen remained uniform in cross- 
sectional area, and since local necking 
takes place, the strain varies widely 
throughout this length. Further, the 


value of go does not represent a true — 


reduction of area and is not conven- 
iently related to a true strain. The 
true local necking strain e, is determined 
from its equality with the true local 
reduction of area q’,, which equality 
assumes constancy of volume. That 
constancy of volume holds to within a 
small percentage error has been demon- 
strated frequently. The actual gage 
lengths involved in the definition of 
€, are very small, and instead of com- 
puting ¢, from these, the convenient 
procedure is to determine it from q’,, 
its equivalent obtained by measurements 
of the diameter. The value of e, gives 
the true uniform strain before local 
necking starts, €, is the additional true 
strain produced through local necking, 
and the sum of the two ¢, represents the 


true maximum strain at the bottom of — 


the neck which the material is capable 
of withstanding before fracture. It 
would appear. then, that the values of 
€, and e found in this way may give more 


information regarding the deformation — 
characteristics of the material than e, 


and qo. 
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The experimental technique involved 


in accomplishing this result is indeed 


_ Sary is a dial gage and clamp to measure 


€ and go. The only equipment neces- 


maximum load and at fracture. The first 
two columns give the values of strain 
¢, in 2-in. and the reduction of area g, 
which are usually reported. It will be 
noted that, in every case, the values 
of true uniform strain ¢, and true local 
strain €, yield more information on the 
deformation characteristics of the mate- 


_ TABLE II.—COMPARISON OF DUCTILITY VALUES AT MAXTMUM LOAD AND AT FRACTURE FOR VARIOUS 
; MATERIALS SUBJECTED TO TENSILE STRESS. 


At Fracture 


At Maximum Load 


Ao—Ab 


€y OF 
Ao = = log 


Material and Heat Treatment 
Ao —_ Au 


0.309 0.516 
0.365 0.606 


0.150 0.464 
0.433 


0.390 


0.334 


0.288 


Spec 
0.213 S.A.E. 1112 Steel. § 


0.275 ‘ Boiler Rivet Steel. S 


0.187 VD 95 per cent Carbon Steel. 


imen NB. As Received. 
imen 7A. 
Annealed at 1650F. for 1 hr. 
Furnace cooled. 


0.0797 S.A.E. 1112 Steel. Specimen 7B 


As received cold worked state. 
imen 2B 
Annealed at 1700 F. for 1 hr. 
No p-e-strain. 


0.199 x Boiler Rivet Steel. Specimen 2E. 


Pre-strained 13 per cent and 
Aged at 212 F. for 1 hr. 

Mild Steel. Specimen 3A. Pre- 
strained 1.86 per cent. Aged at 
212 F. for 1 br. 

Mild Steel. Specimen 3C. Pre- 
strained 4.50 per cent and Aged 
as above. 

Mild Steel. Specimen 3B. Pre- 
strained 8.42 per cent and Aged 
as above. 

Non-Heat-Treated Duralumin. 
Specimen 3. 

Commercially Pure Aluminum. 
Specimen K. Annealed at 
700 F. for 4 hr. 

Commercially Pure Aluminum. 
Specimen M. As Received. 

Culd-Drawn Brass 65-35. Speci- 
men E. Annealed at 800 F. for 


2 hr. 

Cold-Drawn Brass 65-35. Speci- 
men F. As Received. 

Pure Copper 
Specimen A. Annealed at 800F. 
for 2 hr. 

Commerciall Pure Copper 
Specimen C. As Received. 


Indeed, axial strain measurements need 
not be taken. 
In order to indicate the relative magni- 


_ tudes of some of these ductility values, 


tension tests were made recently on 
various metals at the Massachusetts 
Institute of Technology. Table II shows 
a comparison of the strain and reduction 
of area magnitudes obtained at the 


rial than ¢€, and gp given in the first two 

columns. For example, let us compare 

the strain values for the case of the 

commercially pure copper in the as- 

received state, test specimen C. The 
En 


ratio of = 4.06, while 77.5. 


The latter ratio shows that there existed 
very little uniform strain with an exces- 


siv 
let 
simple and need be no more complicated an 
than that used in the measurement of } 
= 
4.7 
the diameters which are determined dir 
corresponding to each} load reading. ha 
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lar 
A 
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fo 
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fo 
a 0.250 0.452 0.415 0.602 0.187 0.171 6 
_ 0.447 0.815 1.46 1.69 0.230 0.206 hs 
. 0.179 0.671 1.09 1.12 0.0278 0.0274 as 
0.413 0.348 0.081 0.425 0.344 0.292 cl 
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= 


sive local strain. On the other hand, 
let us compare the strain values for the 
annealed brass, test specimen E. The 


1.19, while = 


4.26. Although the effect is in ‘ie same 
direction, the latter ratio shows in per- 
haps a clearer way that this material 
exhibits a uniform strain several times 
larger than the local necking strain. 
A similar effect will be noted in the 
other test values shown. The fact that 
e, includes both local and general strain 
which vary along the length, clouds up 
the picture of deformation. 

Another interesting comparison may be 
drawnfrom TableII. The fourth column 
gives values of e, or the maximum true 
axial strain which the material may 
withstand before fracture. The value of 
e, varied from 1.03 to 6.27 times « 
for the different materials tested. In 
other words, in cases such as represented 
by test specimen C of commercially pure 
copper in the as received condition, 
where excessive local necking strain 
takes place without appreciable uni- 
form strain, the true axial strain becomes 
6.27 times the «, in 2 in. On the other 
hand, if very little local strain develops 
as for annealed brass, the values are 
close together. 

The effect of strain-aging a mild steel 
in increasing the ratio of local strain to 
general or uniform strain is also pictured 
in a somewhat better fashion by the 
€, and e, values in the table as evidenced 
by the mild steel test specimens 3A, 
3B, and 3C. 

A number of the test specimens in- 
cluded in Table II were ruled every 
0.1 in. with very fine circumferential 
scratches produced by means of a 
diamond __ tool. A.S.T.M. standard 
0.505-in. diameter test specimens were 
used, and before the test the diameters 
were carefully measured at each scratch 
and the distances between the scratches 


€o 
inverse ratio of — = 
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also determined with a comparator, 
accurate to 0.0001 in. These specimens 
were then tested in a 30-ton hydraulic 
testing machine, and the loads and 
minimum diameters read simultaneously 
throughout each run. After fracture, 
the diameters along the bars and the 
distances between the scratches were 
again determined and the values of 
€, € = q’, and g computed for each 
division. The results were then plotted 
along the axis of the bar. 

Figures 3 to 9 show the variation of 
these strain values along the length of 
each test specimen in the final, as- 
fractured position. Several materials 
were chosen, in various conditions of cold 
work, to show the differences obtained. 
It will be noted that for each figure the 
€, values were the greatest for every 
position along the bar, the « = q’ next 
in order of magnitude, and the q, values 
the smallest. The values of € are plotted 
as open circles, while those of gq’ are 
indicated as solid circles. It can be 
observed that they are equal everywhere 
along the test bars, since they follow the 
same curve intermediate between the 
curves of «, and g.. These tests then 
show that we are justified in equating e 
and q’, that is, the true strain and true 
reduction in area, respectively. 

The differences in the deformation 
characteristics, under tension, of an- 
nealed and unannealed metal can be 
seen by comparing Fig. 3 with Fig. 4 
for S.A.E. 1112 steel, Fig. 5 with Fig. 6 
for aluminum, and Fig. 7 with Fig. 8 for 
brass. The annealing procedure fol- 
lowed is given in Table II for each 
material. It is apparent that the an- 
nealing treatment was more effective 
in increasing the ductility of the metal 
not located immediately in the region of 
local constriction than it was in in- 
creasing the strain values in the necked- 
down portion. Fig. 8 shows how en- 
tirely different the mechanism of de- 
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DISTANCE ALONG TEST BAR, IN. 
Fic. 4.—Strain and Reduction of Area Along Fractured 


Test Specimen 7B of Annealed S.A.E. 1112 Steel. 


24 


Xe) 


DISTANCE ALONG TEST BAR, IN. 
Fic. 3.—Strain and Reduction of Area Along Fractured 


Test Specimen 7B of S.A.E. 1112 Steel (as Received). 
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formation becomes for cold-drawn as 
contrasted to annealed brass. 

Another important feature which 
these curves bring out is that the heads 
of the test specimen in the standard 
A.S.T.M. 0.505-in. diameter test speci- 
men are quite effective in restraining the 
deformation for some distance from the 
ends. Other tests were made on speci- 


test specimens of this kind, to determine 
the uniform diameter which the specimen 
possessed at the maximum load from the 
final uniform diameter at fracture, with 
sufficient accuracy. Figures 3 to 9, 
while showing either inflect‘on points in 
the curves, or in some cases very short 
horizontal portions (with the possible 
exception of the brass shown in Fig. 8), 
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CONTOUR OF TEST BAR 


ae) 


mens of the same diameter but having a 
gage length three or more times the 
standard 2-in. length. -In these cases, 
it was found for the material tested that 
a considerable length was obtained be- 
tween the heads of the test specimen and 
the region of local constriction for which 
substantially a uniform diameter was 
maintained. It is then possible, for 


20 
DISTANCE ALONG TEST BAR, IN. 


DIAMETER, IN. 


do not indicate any region of appre- 
ciable size over which the diameter is 
constant. The end-effect regions in 
most cases pass directly to the locally 
constricted areas without any uniform 
transition portion. In order to prevent 
any misunderstanding, however, let it 


a6 


eet” 


be stated here that it is not the intention - 


of this paper to propose any change in 
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the present standard test specimen. In 
the future, however, it may prove worth- 
while to consider the possibility of also 
using an alternative test specimen with 
a larger gage length to diameter ratio 


SCALE A 


these which has been suggested recently, 
This refers to plotting the average true 


P 
stress S = rr as a function of the true 


strain or the true reduction of area 
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FIc. 10.—Average True Stress Plotted on Semi-Log Paper versus d,/d for Tension Tests to Fracture 
of Various Materials. 


such as is now the standard practice 
abroad. 
ry 
_ ‘TRUE StRESS-STRAIN CURVES 

A discussion was made earlier of dif- 
ferent types of stress-strain curves. It 
is proposed herein to describe one of 


A 


q = log 7? Which expression be- 


comes equal to 2 log “ for round bars. 


Since the true strain € is equal to the 
true reduction of area q’, only one of 
these quantities will be used in the 
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description of the curves, that is, the 
true reduction of area g’. Such curves 
will then be referred to as S-q’ curves. 

Figure 10 shows curves for various 
metals, in which the average true stress 


is plotted on semi-logarithmic 


angle, to fracture. 
exception to this: namely, the copper 


There is only one 


which remained straight until incipient 
fracture took place in the form of a 
crack inside the test bar. X-ray tests 
have shown that when the S-g’ curve 
starts to drop off from the straight line, a 
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Fic. 11.—Stress-Reduction of Area Curves for 20C Annealed Mild Steel Bar No. 4. 


coordinates as a function of =4 This is 
of course equivalent to plotting S 
against g’. The materials shown in these 
curves are different from those listed in 
Table II. It will be observed that each 
curve becomes a straight line from the 
value of the average true stress cor- 
responding to the maximum load, in- 


dicated on Fig. 10 by the solid tri- 


crack has already formed inside of the 
test specimen. 

As a further illustration four curves 
are shown in Fig. 11. The diagram 
in which S$ = rs is plotted for different 
values of g, shows an upward curvature 
after the maximum load point is passed, 
this point being indicated by the vertical 
dashed line. The S-q’ curve remains 
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straight. These are then to be com- 
pared with curves in which the stress 


5S. = 


and q’. Quite a number of other metals 
have been tested, and S-g, and S-q’ 
diagrams have been constructed for 
them. In each case it was found that 
the S-g, curves showed an upward 
curvature after the maximum load point 
is passed, while the S-g’ curves became 
straight lines in this region. This 
fact enables us to write a simple equa- 
tion relating the average true stress at 
fracture S, to the ordinary tensile 
P max 

A, 


Pmax 


Ao + m(q's — g’u).. . .(15) 


a is plotted as a function of g, 


strength as follows: 


So = 


oS oS 
In this equation, m = a 
true coefficient of strain-hardening for 
the material in the region of local neck- 
ing. This coefficient of strain-harden- 
exhibited 
Oc 

by the material when subjected to a 
tension test. 

One rather obvious advantage of 
plotting S-q’ curves, aside from the fact 
that they represent physical relation- 
ships better, is that, since a straight line 
is obtained from the beginning of necking 
to fracture, only two points need to be 
observed to establish the curve in this 
region, thus cutting down the amount of 
work involved. The experimental tech- 
nique necessary is also very simple in 
that a dial gage and clamp is the only 
instrument needed. Corresponding load 
and diameter readings can be taken 
quickly, and the results plotted either 
on semilogarithmic paper or on ordinary 
graph paper by picking q’ values from a 


or the 


ing is the smallest value of 


chart plotted as a function of °. 


Another procedure which can be 
utilized in constructing S-g’ curves from 
a tension test is the two-load method (3), 
According to this, the diameters along a 
properly tapered test specimen are 
determined at various positions before 
the test is made, and also at the same 
locations subsequent to fracture. Only 
the maximum and fracture loads are 
read from the scale on the testing ma- 
chine during the test. Using the final 
areas of each position measured along 
the bar all the way up to the fractured 
cross-section, and dividing these areas 
into the maximum load, a curve of 
a can be plotted as a function of the 
corresponding q’ measured. One other 
point needs to be located on the diagram, 
that is, the one determined by dividing 
the fracture load by the fracture area 
plotted with an abscissa equal to the q’ 
at fracture. From this latter point a 


max 


line is then drawn tangent to the “ss 


curve at its inflection point. It can be 
shown and checked experimentally that 


max 


A 
the S-q’ curve of the material up to the 
maximum load point, and the straight 
line drawn tangent to this curve from 
the point representing the average true 
stress at fracture provides the remain- 
ing part of the S-g’ curve from the 
maximum load point to final rupture. 
The method is complete in that it de- 
termines the S-g’ curve from initial 
yielding to fracture. It is hoped that 
the procedure will prove useful where it 
is desired to determine a true stress- 
strain curve for the material and 
measurements of diameter during the 
test are neither convenient nor feasible. 

In concluding, it may be of interest 
to note the general effect of notches on 
the form of the S-q’ curve. A series of 


the curve of versus gq’ represents 
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test specimens containing notches of 
various sorts were machined from a 
different bar of annealed mild steel as 
shown in Fig. 12. Four of these test 
specimens were the same except that 
the length of the straight or uniform 
portion of the specimen was varied 
from 33 in. to zero (as in the case of the 
notch of j-in. radius). The remaining 
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Fic. 12.—Tension Test Bars Used to Show 
the Effect of Notches on S-g’ Curves. 


two contained a V notch and a square 
notch with a sharp transition. Figure 13 
shows the S-g’ curves obtained in each 
case. It will be observed that the 
tendency is for the S-q’ curves to shift 
to the left as the effect of the notch 
becomes more pronounced. In all cases 
the maximum load point, indicated 
the letter M, remained at 


on 


mately the same value of q’., but the 
average true stress corresponding to the 
maximum load increased with the more 
localized notch effects. One apparent 
result is then that, although the average 
true stresses indicated by points M 
increased considerably with the notch 
effect, the average true breaking stress 
or fracture stress remained practically 
the same. This shows again that the 
average true stress at fracture is more 
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Fic. 13.—The S-q’ Curves for Notched Speci- 
mens of S.A.E. 1112 Steel Machined as Shown 
in Fig. 12. 
of a material constant than the value at 
the maximum load. The notch effect 
also reduced the straight portion of the 
S-q’ curve until it was practically zero 
for the V notch. This would be ex- 
pected since the adjacent material pre- 
vents local contraction. The V notch 
considered here is not as sharp nor as 
deep as the ones used by Kuntze, and 
it is not the intention to compare it 
with his results. 
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SIGNIFICANCE OF THE TENSION TEST 


The significance of the various quanti- 
ties determined in the tension test de- 
pends somewhat upon whether they are 
considered from the design, control, 
metal forming, or research points of view. 
From the design aspect, engineers have 
come to consider the yield strength for 
ductile metals and the ordinary tensile 
strength for brittle metals as convenient 
stress values upon which to base the 
design of statically stressed structures. 
The percentage elongation and reduction 
of area figures do not generally enter into 
design calculations but merely serve as 
indications of the ability of the material 
to absorb shock loads, or iron out stress- 
raisers through local plastic deforma- 
tion. The true stress and strain values 
discussed earlier would have little use 
here. Attempts have been made, with 
only partial success, to relate the or- 
dinary tensile strength and the yield 
strength of ductile metals to failure 
under fatigue conditions. 

In the control of materials, most of 
the values determined in the tension 
test have significance although, in them- 
selves, they are not sufficient in order 
to be sure that the material is suitable. 
Tension test figures are usually supple- 
mented by impact values etc. It is felt 
that the average of the true breaking 
stresses and the newer definitions of 
ductility suggested earlier might help in 
providing more information on this prob- 
lem. 

A knowledge of true stress and strain 
values is particularly important in all 
metal-forming applications. The plastic 
portion of the S-g’ curve taken in a 
tension test should provide useful in- 
formation both in selecting metals for 
plastic operations of this kind and in 
relating stress, strain and work-harden- 
ing features. 

In research work in the general field 
of the testing of materials, true stress 
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and strain values are also of vital im- 
portance. By making use of the physi- 
cal definitions of stress and strain stated 
earlier, it is possible to correlate tension 
values in a better fashion with those 
obtained in other tests such as combined 
stress tests, torsion tests, bending tests, 
and even in tension impact problems. 
No very clear correlation is possible if 
fictitious stress and strain values are 
used. The physical stress and strain 
values should also serve to throw more 
light on the mechanism of failure in 
polycrystalline metals. 

In the light of the above remarks, it 
would appear that the tension test has 
possibly not been exploited to the fullest 
extent and that, for many purposes, 
certain information that should prove of 
value in the interpretation of results is 
ordinarily omitted from the data. It is 
realized that the tension test is limited 
in its scope, and that, without doubt, no 
rational correlation would be found in 
many cases where conditions are widely 
different from those of the test. Still, 
it would seem desirable to endeavor 
to obtain the maximum information 
which the tension test will yield without 
undue experimental effort. 

It would also appear that there exists 
a need at the present time for more in- 
formation surrounding the application 
of our materials where an accurate 
knowledge of true tension test values is 
available. Only further research will 
enable us to evaluate the importance of 
such knowledge. It would therefore 
possibly seem somewhat early to seri- 
ously delimit the significance of the 


tension test. 


SUMMARY 


A brief review is made of certain im- 
portant work carried out in the past 
relating to the tension test. A discus- 
sion is included of various definitions of 
strain and reduction of area which have 
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been suggested, and these are related to 
the true values of strain and reduction 
of area. Approximate expressions are 
deduced for the true values of strain and 
reduction of area and these compared 
with the accurate relations. Ductility 
values are investigated and two new 
definitions of tensile ductility are sug- 
gested, namely, the true uniform strain 
and the true local necking strain. 
Experiments are described in which it 
is shown that the latter definitions of 
ductility yield more information on the 
deformation characteristics of the 
material than those customarily re- 
ported, which are the percentage elonga- 
tion in 2 in. and the ordinary reduction 
of area. Certain advantages suggested 
by this method are described. Experi- 
mental results are included in the form 
of curves which show the relative values 
of the various magnitudes of strain and 
reduction of area along the length of 
fractured test specimens of various 
materials. The equality of true strain 
and true reduction of area is shown. 
The true stress-strain curves are dis- 
cussed in which the nome true stress 
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is plotted as a function of the true strain 
or true reduction of area. An analytical 
relationship between the true stress at 
the maximum load and the average true 
breaking stress is given. The two-load 
method of constructing these curves is 
described. Experimental results are in- 
cluded to show the effect of notches on 
the true-stress-strain curves. The phys- 
ical significance of the tension test is 
discussed. 
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bau 


S., S’= Tensile stresses where load is 
divided by original and actual areas, 
respectively. 

S, = Average true breaking stress. 

P, Pmax = Tensile loads. 

L., L = Original and final lengths. 

do, d = Original and final diameters. 

A., A = Original and instantaneous areas, 
respectively. 

A,, Ay = Areas at the maximum and frac- 
ture loads, respectively. 
= Base of natural logarithms. 


aS as 
m = — = — = Coefficient of strain hard- 
de dq’ 
<a ening in the region of local necking. 
L 
= True strain log and ordinary 


AL, 
L,’ respectively. 

éu, €. = True uniform strain, and true 
. additional local necking strain, re- 
spectively. 
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e» = True maximum strain at fracture (in 
the region of local necking). 
€y + En. 

A 


q', Jo = True reduction of area log 7 and 


ordinary reduction of area 


spectively. 

q'u; Qn = True uniform reduction of area, 
and true local reduction of area (addi- 
tional). 

q’» = True maximum reduction of area at 
fracture. = + 

qu; @» = Ordinary reduction of area values 
at maximum and fracture loads, re- 
spectively. 


A — 
= Reduction of ann equal to -— 


= Strain equal to . 
L 


[See Discussion on = of the Tension Test, p. 579.—ED.| 
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THE STRENGTH FEATURES OF THE TENSION TEST meres wl, 


A brief discussion is given of the influence on strength values obtained from 
the tension test of the haphazardly progressive slips in the grains of poly- 
crystalline aggregates. Importance is placed on the conditions that change 
the mode of structural failure from general yielding (plastic deformation 
accompanied by strain hardening), associated with shearing stress, to failure 
by brittle fracture in which the cohesive strength of the material is exceeded, 
associated with tensile stress, unaccompanied by plastic deformation and 
strain hardening. The relation of state of stress, rate of strain, strain hard- 
ening, and temperature to these two modes of failure is emphasized; and an 
outline of tests to bring out information on these topics is offered. It is 
pointed out that a test specimen is a model and that the significance of test 
results depends on the extent to which the structural action in the specimen 
simulates the structural action which limits the useful load-carrying capacity 
of the prototype or structural member. In harmony with these considera- 
tions, the general conditions under which the strength features of the tension 
test are especially important are defined, after which a discussion of the sig- 
nificance of yield strength, of upper and lower yield points, and of high yield- 
ratio steels is given. 


SYNOPSIS 


The title “tension test” without stress may be three-dimensional or the 


qualifying notation will be understood 
to mean a test in which a prismatic 
straight bar of constant cross-section is 
subjected to gradually increasing pulls 
(so-called static loads) at its ends until 
the bar or specimen breaks; the specimen 
is tested at ordinary temperature, and 
the loads at its ends are approximately 
axial giving substantially a uniformly 
distributed unidirectional stress. The 
title, therefore, does not include an 
impact tension test, a repeated-load 
tension test, a tension test of a specimen 
at elevated temperature (in which creep 
is involved), or a tension test of a 
notched specimen (in which the state of 
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stress distribution on the least area may 
be highly nonuniform). 

No mention will be made here of the 
specifications for the tension specimen 
and of the procedure for carrying out the 
tension test. These items are given in 
the Society’s standards. Furthermore, 
it will, of course, be understood that the 
strength properties of a material cannot 
be isolated and considered independ- 
ently; although the strength features of 
the tension test are here given emphasis, 
their relation to other desirable proper- 
ties is always involved in the inter- 
pretation of the test results. 

It seems desirable to make the dis- 
cussion apply mainly to metals, not be- 
cause other materials are thought to be 
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unimportant, but because the topic even 
when restricted to metals is still too 
large to be discussed adequately in the 
space available. It should be stated 
also that the main ideas here given em- 
phasis in the discussion of the strength 
features of metals have been presented 
ably, in recent years, by Kuntze (1), 
Thum and Bautz (2), Heindlhofer (3), 
McAdam and Clyne (4), Hoyt (5), 
Bridgman (6), and others, and, over a 
longer period, by a large number of in- 
vestigators in the field of fatigue of 
metals. 

For the purpose of creating a back- 
ground for the interpretation of the 
strength features of metals as found from 
the tension test, it will be desirable to 
trace very briefly the main ideas that 
have led to the present status of the 
tension test. During the past several 
decades, great confidence was built up 
in the value and significance of the ten- 
sion test. This confidence was based on 
successful experience and is entitled to 
genuine respect. But a familiar process 
in the development of any field of ac- 
tivity consists in extending the methods 
and procedures that proved satisfactory 
in the experience with one set of con- 
ditions to a new or different set of con- 
ditions without fully realizing the factors 
upon which satisfactory performance de- 
pends. In other words, the human mind 
usually over-simplifies experience and 
then forgets or ignores the factors that 
were omitted in the simplification. Per- 
haps this process has been operating too 
strongly with respect to the tension test. 

In the earlier years of rapid engineer- 
ing development, methods of testing and 
of calculation of stresses were dominated 
largely by the conditions met in the use 
of hot-rolled low-carbon (ductile) steel 
under so-called static loads, in structures 

* The boldface numbers in parentheses refer to the 
reports in the list of references ap- 

See p. 550 
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such as buildings, bridges, ships, etc, 
For these conditions, the strength values 
obtained from the tension test seemed to 
go a long way toward giving satisfactory 
information for determining the suit- 
ability of the material and for selecting 
design stresses for use in the stress 
formulas commonly employed. Such 
structures and machines designed on the 
basis of tension test values seldom failed 
in normal service. Furthermore, the 
tension test was so simple to carry out 
and its meaning or significance seemed so 
self-evident, that there was always a 
temptation to overemphasize its signifi- 
cance. The generalization that, for re- 
sisting loads, a material with relatively 
high strength values in the tension test 
must, to that extent, be better—better 
for almost any use—than one with rela- 
tively low test strength values, was often 
made almost unconsciously. 


Over-Simplified Picture of Structural Ac- 
tion: 


While confidence in the tension test 
was being built up, there also developed 
the idea that material (at least wrought 
ferrous metal) was perfectly elastic up 
to a certain stress called the proportional 
(elastic) limit. This stress was con- 
sidered to be a definite inherent property 
of the materia] that could be determined 
accurately fiom the stress-strain diagram 
obtained from the tension test. Also, 
the belief was common that if the cal- 
culated stress in the material was less 
than this elastic limit, no damage in 
service—in any service—could possibly 
be done to the material. Moreover, cal- 
culated stresses obtained from the or- 
dinary formulas in mechanics of 
materials, that is, formulas which con- 
sider only the maximum stress at a point 
(the most stressed fiber) without taking 
into account the effect of understressed 
surrounding material, were considered 
to give accurate measures of the signifi- 
cant stresses in the member. 
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As this over-simplified picture of struc- 
tural action and of stresses was taking 
shape, the important part played by the 
material in undergoing innumerable 
minute plastic adjustments and accom- 
modations that made the picture appear 
to be in harmony with experience— 
experience connected with structures 
made of ductile steel and subjected to 
static loads and relatively simple stress 
systems at ordinary temperatures—was 
almost wholly overlooked. However, 
when relatively ductile steel members, 
such as car axles, connecting rods, and 
especially members containing abrupt 
changes in section, broke in two in 
service under the action of many repe- 
titions of stress, exhibiting a brittle type 
of fracture (a fracture unaccompanied 
by any evidence of yielding of the mem- 
ber) even though the maximum calcu- 
lated stress in the member was less than 
the “elastic limit” of the material, a 
radical change had to be made in the 
mental picture of structural action tak- 
ing place in metal under load, and also 
of calculated stresses. Likewise, radical 
changes had to be made in the interpreta- 
tion of the strength features of the ten- 
sion test. 

At first a plausible explanation was 
offered for the discrepancy between the 
accepted picture of structural action as 
interpreted from the tension test and 
the observed fatigue phenomena—an ex- 
planation that demanded a minimum 
readjustment in the accepted picture— 
namely, that the material while being 
stressed changed from a fibrous (ductile 
and strong) material to a crystalline 
(brittle and weak) material. This 
wholly erroneous explanation still per- 
sists, particularly among mechanics, and 
it is difficult to displace because it seems 
to fit so well with the general appearance 
of many fractured members that have 
failed in fatigue. 

Repeated loading, however, is only 
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one of a considerable number of service 
conditions under which the maximum 
useful strength of a member cannot be 
determined from the strength values ob- 
tained from the simple tension test. 
These conditions consist of various com- 
binations of the following: type of ma- 
terial, including nature of internal de- 
fects, especially in the surface layer of 
material; shape of member; temperature; 
and nature of loading. The significance 
of these conditions will be considered 
later in this paper. 


A More Satisfactory Picture of Structural 
Action: 


In response to the need for a better 
understanding of the useful strength of 
members under various conditions of 
use, there has been slowly evolving a 
more satisfactory picture of structural 
action in metals, and of the significance 
of calculated stresses. 

Perhaps the greatest impetus toward 
creating this more satisfactory under- 
standing of structural action in metals 
was contributed through the introduc- 
tion of the metallurgical microscope (and 
later the use of X-rays) in the study of 
materials. When a metal was visual- 
ized, with the help of the microscope, as 
an aggregate of crystals or grains having 
irregular boundaries and containing non- 
metallic inclusions, having the shearing 
strength of each crystal varying with the 
direction of the plane through the crys- 
tal, and having the planes of weakness in 
the crystals in the aggregate oriented at 
random, it became difficult to maintain 
the concept of perfect elasticity of the 
metal and of a definite value of stress 
corresponding to a sharp line of demar- 
cation between damage and complete 
freedom from damage to a member. 

The implications of this changed pic- 
ture of the structural action in polycrys- 
talline metals in relation to stress and 
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strain have slowly been incorporated in 
the interpretation of the strength values 
of the tension test. Valuable contribu- 
tions to the interpretation of the tension 
test have been presented before this 
Society and elsewhere by various mem- 
bers including Lessells (7), Templin (8), 
Moore (9), Rawdon (10), and others, and 
by several committees of the Society. 
Two important implications growing 
out of the more detailed knowledge of the 
structural action in a metal member, 
such as a specimen in a tension test, 
made up of an aggregate of grains or 
crystalline units should here be men- 
tioned. First, much of the useful static 
elastic strength of such a member as a 
whole could not be attained if inelastic 
actions in crystalline units at many loca- 
tions in the member did not occur; or, to 
put the idea more tersely and perhaps 
more dramatically, the member, under 
conditions of static loads and ordinary 
temperatures, may have a relatively high 
structurally useful elastic strength be- 
cause some of its weaker or poorly orient- 
ed elements act inelastically. The inelas- 
tic action in any grain or in a relatively 
small group of grains usually takes place 
through the mechanism of slip across 
planes of weakness depending on the 
orientation of the grains. The whole 
aggregate of grains (member) acts elas- 
tically as a group even though a con- 
siderable number of grains (small, how- 
ever, compared to the total number of 
grains involved) takes on plastic def- 
ormation, often shown externally in the 
form of flow layers or Liider’s lines. 
This idea is sometimes expressed by 
stating that the aggregate of grains acts 
statistically as a homogeneous elastic 
body even though certain small groups 
of grains exhibit a very different behavior 
from the statistical or mass action of the 
aggregate. The so-called static elastic 
strength (such as the A.S.T.M. yield 
strength) as found from the tension test 
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is, therefore, not a true elastic constan{ 
of the material or specimen, but is a 
stress accompanied by an arbitrarily 
specified permissible plastic deformation, 
the so-called proportional limit being 
the maximum stress for which the ac- 
companying measured plastic deforma- 
tion is zero, that is, less than the least 
(arbitrary) reading that is given by the 
extensometer used in the test. 

« The second implication is that, under 
conditions of use in which local actions 
in the units of the aggregate may be the 
damaging action, as in failure by fatigue 
and perhaps by high velocity impact 
loading, especially of members contain- 
ing common surface defects and notches, 
the statistical properties as obtained 
from the tension test may have little or 
no significance. Whatever significance 
(if any) the tension test values may have 
for such conditions is probably to be 
found in the deviations from mass or sta- 
tistical action. Some indication of these 
deviations is perhaps revealed by the 
characteristics of the stress-strain curve 
between the “proportional limit” and 
the yield strength, between the upper 
and lower yield point, and between the 
ultimate load and breaking load, par- 
ticularly during the final stages of neck- 
ing down. But as yet these matters 
have received little attention. 


Two Basic Modes of Failure: 


To this very brief survey of the main 
ideas that have gradually been changing 
our jucgment of the value and signifi- 
cance of the tension test must now be 
added a somewhat more recent view of 
the subject which gives promise of mak- 
ing valuable contributions to the inter- 
pretation of mechanical tests of mate- 
rials. Thus in considering the tension 
test and the conditions that make the 
tension test results significant, two radi- 
cally different modes of failure of metal 
members must be recognized; the term 
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‘failure as here used means any condition 
that renders a member in a structure or 
machine unfit for its service of resisting 
loads. 
_ One mode of failure is by general yield- 
ing or plastic flow involving the statis- 
tical action as discussed above; this fail- 
ure is denoted as a shear failure. The 
yielding that leads to failure is the result 
of slipping across planes of a very large 
number of crystalline grains. The use- 
ful resistance or strength of the material 
is associated with shearing stress, since 
the slipping across the grains is accom- 
panied by shearing stress, and although 
the first slip of some grains may not be 
in the direction of the maximum shear- 
ing stress in the specimen, the (large) 
yielding, which constitutes the failure, 
is controlled mainly by the maximum 
shearing stress in the specimen as a 
whole; thus the resistance of a member to 
this mode of failure (the resistance to 
plastic deformation) is measured by the 
shearing yield strength of the member. 
The other mode of failure consists of 
the breakdown of the cohesive resistance 
of the material, resulting in a fracture 
unaccompanied by yielding (brittle frac- 
ture), and the useful strength of the 
material is associated with the tensile 
breaking strength of the material under 
conditions that prevent yielding. This 
type of failure arises when the tensile 
stress in the material exceeds the cohe- 
sive strength of the material. Some 
materials, such as brick and stone, al- 
most always fail this way and hence are 
said to be inherently brittle. Metals, 
however, especially ductile metals, seem 
to fail by having their cohesive strength 
exceeded (without previous plastic de- 
formation) only where the stress is highly 
localized and particularly where the state 
of stress approaches a triaxial tension. 
Unfortunately the cohesive strength of a 
ductile metal cannot be determined from 
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any simple test that has so far been de- 
vised; Kuntze (11) has proposed a method 
of extrapolation of the test data obtained 
from static tension tests of notched 
specimens in which the notches vary in 
depth and angle. 

The cohesive strength here referred to 
is associated with the material in mass 
or in bulk as it occurs in engineering 
members, rather than with the forces of 
attraction between the atoms. Some 
authors speak of it as the ‘technical’ 
cohesive strength. Further, it is not 
measured by the breaking stress in a ten- 
sion test (breaking load divided by the 
area of fracture), since the breaking stress 
occurs only after the material has been 
subjected to much plastic yielding. 

There are many conditions that can 
change the relation between these two 
strengths (resistance to plastic deforma- 
tion and cohesive strength) for any one 
metal, as for example, the temperature, 
state and distribution of stress, rate of 
straining, and amount and rate of strain 
hardening. And if, in a given service, 
it is not fairly definitely known which 
type of failure will occur, an intelligent 
interpretation of test results from any 
test is very difficult, if not impossible, 
to make. 

On the other hand, as Hoyt (5) points 
out in discussing the notched-bar impact 
test, “If one knew the controlling proper- 
ties, cohesive strength and resistance to 
deformation, and if he thoroughly under- 
stood the laws of the notch effect, he 
would be able to predict by calculation 
whether a given steel would deform 
when notched; or open up a crack.” 

If it is true that the useful strength of 
a member is limited either by its co- 
hesive strength or by its resistance to 
plastic deformation, an understanding 
of the conditions under which each of 
these strengths is likely to reach its 
limiting value is highly important; like- 
wise it is important to determine what 
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information concerning these two 
strengths can be obtained from the 
simple tension test. 


Conditions Under Which Tensile Strength 
Values are Significant: 


The main conditions that must be 
satisfied in order that yielding resistance 
(resistance to plastic deformation) shall 
be less than the cohesive resistance of 
the material are: (J) A material must be 
ductile, that is, one which will yield 
plastically under stress if shearing stress 
is permitted to be developed; most 
structural metals satisfy this require- 
ment. (2) Loads must not be continu- 
ously repeated, nor applied with a 
velocity above a critical value which 
depends on the material, temperature, 
etc. (3) The state of stress that exists 
must be sustantially unidirectional or at 
least be well-removed from triaxial ten- 
sion, so that shearing stress is free to 
develop. (4) The stress distribution 
that exists must be one in which the 
stresses are not only unidirectional but 
also one that is free from high stress 
peaks. Such stress peaks may occur at 
abrupt changes in section, or at non- 
homogeneities in metal structures, and 
may exceed the cohesive strength of the 
material before local yielding occurs, 
the restraint to yielding being offered by 
the surrounding understressed material; 
or if local plastic yielding does occur at 
the points of stress concentration, the 
local state of stress set up at the end of 
slip planes probably is three-dimensional 
tension in which shearing stress is in- 
hibited, and hence the tensile stress is 
likely to exceed the cohesive strength 
of the material, thereby causing failure 
by a local fracture (crack), especially 
under repeated and impact loads. This 
local action probably simulates the 
formation of the crack that sometimes 
occurs at the central portion of the 
necked-down section of a tension speci- 
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men before the outside portion fails in 
shear. 

It will be observed that the four con- 
ditions listed in the preceding paragraph 
are the conditions that are satisfied (ap- 
proximately) in the use of structural 
steel for buildings, bridges, and many 
other similar structures; and hence, as 
already pointed out, the strength values 
determined from the tension test, in 
which failure is by general yielding, were 
for such service found to be significant. 
It should be noted that in this discussion 
failure by elastic buckling is not con- 
sidered. 

If, however, the member in service 
would fail by the breakdown of the mass 
cohesive strength of the material result- 
ing in fracture without an accompanying 
plastic yielding, by virtue of a state of 
stress that prevents shearing stress from 
developing or by virtue of a cohesion 
weakness in the inherent structural con- 
stitution of the material, the usual 
strength values (such as yield strength 
and even tensile strength) obtained from 
the tension test would have little signifi- 
cance. Schuster (12) emphasizes this 
fact when he says, “the author wishes 
to say, however, that fracture in service 
of the varied class of parts which he has 
examined during an extended period, 
short of other defect in the material, has 
never been due to an unsatisfactory 
yield.” 

In the specimen of a simple tension 
test, the tensile stress is twice the shear- 
ing stress, and hence, if the specimen 
yields, all that the test tells about the 
cohesive strength (of the undeformed 
metal) is that it is greater than twice the 
resistance to deformation of the metal 
and that its value is greater than the 
tensile yield point—how much greater 
than the tensile yield point is not re- 
vealed by the test. Therefore, if this 
same material were used in a member 
containing notches where a stress peak 
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may be produced, and in the neighbor- 
hood of which the state of stress may ap- 
proximate a state of triaxial tension so 
that the tensile stress developed is high 
and the shearing stress is low, the tensile 
stress might exceed the cohesive strength 
of the material before the shearing stress 
could reach a value equal to the maxi- 
mum resistance to deformation. The 
results of the simple tension test, there- 
fore, would, under these conditions, have 
little significance, and might be very mis- 
leading. To what extent sharp notches 
create stress peaks and polyaxial tension 
is not definitely known; in other words, 
the mechanics of stresses at notches is to 
a large extent an unexplored field of 
knowledge, but since so-called ductile 
metals often fail by cracking at notches, 
there is evidence to support the idea 
that the state of stress may change the 
mode of failure from (ductile) yielding to 
(brittle) fracture. 

Further evidence of the effect of state 
of stress on the mode of failure is found 
in the fact that a material that gives a 
brittle fracture type of failure under a 
unidirectional stress may fail by yield- 
ing under a polyaxial state of stress in 
which the principal stresses are not of 
the same sign. Thus a metal like high 
carbon steel that shows a brittle fracture 
in the tension test, in which the shearing 
stress is equal to one-half the principal 
(tensile) stress, may deform considerably, 
and even fail by yielding, in a torsion 
test, in which one principal stress is 
tension and the other compression giving 
rise to a shearing stress equal to each 
of the principal stresses. It might 
be well to give one other illustration 
of the influence of the state of stress 
on the mode of failure, since this idea, 
although fairly well known, is frequently 
overlooked. Even under repeated 
stress, unnotched specimens of ductile 
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steel will fail initially by yielding (es- 
pecially under repeated torsional loads) 
if the stress is not completely reversed 
but is such that the maximum stress in 
the range of stress is rather high; 
whereas, under the same type of load- 
ing, specimens of the same material con- 
taining a small transverse hole will ex- 
hibit a brittle fracture (fatigue) type of 
failure for all ranges of stress (13). Ap- 
parently, the high stress concentration 
at the edge of the hole changes the type 
of failure from (ductile) yielding to 
(brittle) fracture, even though the state 
of stress (principal stresses of opposite 
sign) a little back from the edge of the 
hole is favorable to yielding. 

Under what conditions, then, are the 
strength values obtained from the ten- 
sion test significant? If in service the 
metal would fail by yielding of a con- 
siderable portion of the member (in- 
volving slipping across planes of many 
crystalline grains accompanied by strain 
hardening), the A.S.T.M. yield strength 
or yield point (or some one of the other 
several measures of so-called elastic 
strength) as obtained from a tension test 
will have real significance in design and 
in determining the suitability of the ma- 
terial for the given service. Likewise, 
the ultimate strength will have signifi- 
cance, particularly in indicating reserve 
strength (as accident insurance); in 
addition, of course, the ultimate strength 
of a brittle material may be of primary 
importance. 


Limitations on Significance of Tension 
Test: 


Attempts are frequently made, how- 
ever, to use the results of the tension 
test to determine the suitability of a 
ductile metal that does not fail in service 
by general yielding. For example, it is 
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true that test results show a usable cor- 
relation between the tensile strength of 
the standard tension specimen and the 
endurance limit of unnotched polished 
fatigue specimens subjected to com- 
pletely reversed stress, for one class of 
plain carbon steel: namely, relatively 
low-carbon hot-worked steel. But there 
seems to be no sound basic reason to 
explain such a correlation; the tensile 
strength is a stress associated, in this 
class of steel, with a large amount of 
general yielding, whereas the endurance 
limit is associated with fracture unac- 
companied by general yielding. For 
high-carbon steel where a correlation 
might possibly be expected, a poor cor- 
relation exists, and even for low-alloy, 
low-carbon steel a satisfactory correla- 
tion is not found. 

__The attempt to use test results asso- 
ciated with one type of failure for the 
basis of design of members that would 
fail in service by a different type of struc- 
tural action is analogous to the use of 
the Euler slender column (buckling) 
formula for the design of a stocky 
column that would fail by yielding long 
before the Euler buckling load could be 
applied. One engineer, in discussing a 
problem in which he had used this 
method, recently said to the author that 
by dividing the Euler buckling load by a 
factor of safety which gave a working 
unit-load well below the yield point of 
the material, he obtained a satisfactory 
design value; he seemed to fail to realize 
that the significant fact in his statement 
was that the value was satisfactory be- 
cause it was less than the yield point 
and not because it was some proportion 
of the buckling (Euler) load. 

It seems evident, therefore, that the 
tension test, though important, has 
limited significance in indicating suit- 
ability of a material for resisting loads— 
limited to conditions in service in which 
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the structural actions that lead to failure 
are substantially the same as those that 
take place in the test specimen. The 
value of the test in indicating the care 
and thoroughness with which the proc- 
essing of a material has been carried out 
is not here under consideration. 


Need for Tests That Have Structural 
Significance: 


In the past the suitability of a material 
for a given use has in general been de- 
termined from the record of performance 
of the material in actual service rather 
than from the properties found from 
tests. The service record, perhaps, will 
always be the final test of the suitability 
of a material. This fact, however, 
should not be considered, by materials 
engineers, as proof that properties of 
materials obtained from tests cannot be 
made to go a long way toward predicting 
satisfactory service. 

The late J. A. Capp, who was one of 
the first members of this Society to see 
the need for determining the significance 
of the properties of materials, in contrast 
to merely making standardized tests, 
gave expression to the general problem 
with which this symposium is concerned 
when, in his presidential address (14) in 
1920, he said: ‘“‘We know the conditions 
to be met in service by any structural 
part and we know many of the useful 
properties of materials. Must we not 
now address ourselves to the solution of 
the problem, ‘on what properties does 
the suitability of a material for particu- 
lar applications depend and how may 
these properties be used to measure 
suitability’?” 

The test results from the tension test 
will be significant (though not sufficient 
in themselves) in measuring suitability 
of a material for a given service if the 
structural action in the test specimen 
brings into play (perhaps exaggerated 
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somewhat, but not too much) the struc- 
tural action involved in the process of 
failure of the actual member used in the 
structure or machine. [If this similitude 
of actions in the tension specimen and 
the actual structural member is lacking, 
as is frequently the case, the most that 
can be said for the test results is that 
they indicate whether ‘a new batch or 
shipment of a material gives test values 
approximately the same as those found 
for similar (supposedly identical) ma- 
terial that has given satisfactory service. 
There is no desire here to minimize the 
importance of this function of the ten- 
sion test, but this function should be 
clearly differentiated from that of de- 
termining properties for predicting the 
suitability of a material for a given 
service, and for use in design. 

The problem of devising tests to de- 
termine the suitability of a material for 
a given service may never be solved 
with complete satisfaction, but progress 
toward a solution depends largely on 
making the right approach. As inti- 
mated in the preceding paragraph, a 
test specimen may be thought of as a 
model; and, if the laws of similitude are 
observed, the results found from the 
model test may be used to predict the 
behavior of the actual member or proto- 
type. But in almost all model tests 
complete similitude is impossible; and 
hence, it becomes necessary to decide on 
what group of factors the dominant or 
significant action depends, and to in- 
corporate, if possible, this particular 
group in the model test. 

In the field of properties of materials, 
however, this procedure for model test- 
ing usually requires a more. detailed 
knowledge of the phenomena of failure 
of materials under various conditions of 
use than is now available, although 
progress in obtaining the necessary 
knowledge is being made. The use of 
the principles of similitude in tests of 


models is discussed briefly here for the 
purpose of emphasizing the basic needs 
in the problem of determining proper- 
ties of materials for use in predicting 
suitability of the material in specified 
conditions of service. A mere list of 
some of the more dominant factors that 
influence the significant structural action 
involved in the failure of material under 
various service conditions indicates the 
difficulty of satisfying the requirements 
of similitude in a model test, and also 
serves to indicate the limitation of the 
simple tension test. In stating the fol- 
lowing list of some of the more important 
factors, in addition to the material itself, 
that influence the significance of test 
values, it is recognized that there will be 
some overlapping of conditions: 

1. Size and geometric proportions of 
specimen or model, including surface 
finish, particularly when failure is by 
fatigue. 

2. Temperature—particularly when 
failure is by creep at elevated tempera- 
tures, or when the failure under high- 
speed impact loading may change, when 
the temperature becomes relatively low, 
from a ductile type (accompanied by 
high energy to rupture) to a brittle type 
(low energy) of fracture. 

3. Stress distribution, involving the 
relative proportion (volume) of a mem- 
ber subjected to high stress—including 
the effect of stress concentration, and 
of residual stresses. 

4. Number of structural units (crys- 
talline grains) taking part in the struc- 
tural action. This involves the size of 
grains in addition to the stress distribu- 
tion. 

5. State of stressat any point. A uni- 
directional stress might give rise to a 
yielding (shear) type of failure; whereas 
a three-dimensional state of tensile stress 
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6. Orientation of grains; nature, size, 
and location of nonmetallic inclusions; 
and nature of surface discontinuities such 
as laps, cracks, and decarburization 
effects—particularly when local actions 
lead to failure (rather than statistical or 
bulk action) as in failure by fatigue, and 
by high velocity impact. 


ity, especially of age-hardening metals 
and of steel at elevated temperatures. 

10. Amount of plastic strain or of 
strain hardening in the member as a 
whole and also locally at notches. 

All of these conditions influence the 
relative values of the cohesive resistance 
and the resistance to deformation of a 


TABLE I.—OUTLINE OF TESTS OF A MATERIAL TO SHOW EFFECT, ON CHANGING THE MODE OF 
FAILURE FROM PLASTIC YIELDING TO BRITTLE FRACTURE, OF PREVIOUS PLASTIC 
DEFORMATION, RATE OF DEFORMATION, STATE OF STRESS, AND TEMPERATURE. 


(1) Zero plastic deformation. 


Amount and Direction | (2) Specimen given a specified tensile plastic deformation in longitudinal direction and then 


of Previous Plastic 
Deformation 


tested with principal stress in direction of plastic deformation. __ 
(3) a as (2) except tested with principal stress perpendicular to direction of plastic de- 
ormation. 


Rate of Deformation 
in Test 


Degree of three-dimensional tensile stress; 
indicated by ratio of maximum tensile 


stress to maximum shearing stress, — 


Temperature 


Medium | Higher 


Torsion 


Very slow. ate 
es Ts 


testing machines wi 
load gradually applied) 


—=1. (Verysmall) Unnotched 
pecimen 


(e) |= 
specimen 


= 2. (Small) Unnotched 


tee 


(t) |< = medium. Shallow notched 
specimen with root of notch not 
too sharp. o = large 


tds 


(c) |< = large. Dee 
7 + = very smal 


P sharp notch. 


Medium. (Charpy ten- | Same as (a) above 


t) 
Same as (b) above 


Same as (c) above 


Relatively high. (Charpy) $2. Usual (single) width wmnotched speci- 
or Izod bending iepeat * men (for less ductile material) 


test) 


= medium. Single-width notched specimen 


larger. Double or triple-width notched 


specimen 


7. Time permitted for deformation to 
occur—rate of straining, especially in 
connection with stress concentration and 
energy (impact) loading of soft metals. 

8. Manner of loading and straining 
(static, impact, or repeated; and axial, 
bending, or torsion). 


material. It would appear, therefore, 
that progress in determining strength (or 
other) properties of material for predict- 
ing suitability of metals for given con- 
ditions of service and for use in selecting 
design stresses, requires that tests be 
devised that will bring into play those 
properties or groups of properties that 
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are involved in the structural action that 
leads to failure under service conditions. 
The starting point in this problem, there- 
fore, is the study of the phenomena of 
failure under various service conditions. 
The problem, however, of determining 
the significant structural actions in- 
volved in various types of failures and 
of devising tests to measure the corre- 
sponding significant properties of ma- 
terials is not only a difficult problem but 
also a costly one; it is, nevertheless, a 
problem whose solution is urgently 
needed and a problem whose solution 
constitutes one of the main objectives 
of this Society. 


A Suggested Outline of Tests: 


As one approach to the problem, the 
outline of tests shown in Table I is 
offered merely as a suggestion for getting 
before the eye a summary of the facts 
needed for determining the suitability of 
a material for use in a metal member 
under certain general service conditions. 
The outline does not include tests in- 
volving all service conditions; it does 
not, for example, involve failure by creep 
(long-time static loading at a tempera- 
ture above the recrystallization tempera- 
ture) or by fatigue (long-time repeated 
loading at ordinary temperature); like- 
wise the effect of aging after previous 
plastic deformation is not considered. 
It includes only conditions that can be 
investigated in relatively short-time 
tests with testing machines and equip- 
ment that are now readily available. 
The outline is offered mainly to empha- 
size the main factors (in addition to 
repetition of loading and elevated tem- 
peratures) which can influence the mode 
of failure of a member and which, there- 
fore, must be given weight in deter- 
mining the suitability of a material for 
use in members for resisting loads as 
used in various service conditions. Un- 


ul 


der each set of conditions the mode of 
failure would be observed and, in certain 
tests, numerical values of strength and 
of ductility would also be determined. 
The values of the temperatures desig- 
nated as low, medium, high, etc., will, 
of course, depend on the service con- 
ditions. For service at so-called ordi- 
nary (atmospheric) temperatures, “low” 
might be —60 F. and “high” might be 
150 F. If information such as that 
Suggested by this outline of tests regard- 
ing the mode of failure under various 
service conditions is available, the signifi- 
cance of the strength values of the ten- 
sion test, and of other mechanical tests, 
becomes much easier to determine. 

It is realized that the picture of the 
subject as presented in this paper has 
been painted with a broad brush. This 
plan, however, has been followed pur- 
posely in order to direct attention to the 
underlying structural actions on which 
the significance of the strength features 
of the tension test depend. It seems 


desirable, nevertheless, to discuss briefly 


three special topics associated with the 


tension test: namely, the significance of ae 


yield strength, of upper and lower yield 
points and of high yield-ratio steels. 
Yield Strength.—If a metal member is 


used for resisting loads under conditions : : Pi 
that would cause the member to fail by = 


general yielding as interpreted in pre- 
ceding portions of this paper, the ques- 
tion arises as to what stress obtained 
from the tension test should be selected 
as a measure of the maximum utilizable 
tensile strength of the metal, especially 


for a metal that does not have a well- — 


defined yield point., The Society’s 


standards propose for this purpose the © 


yield strength defined as: “The stress at 
which a material exhibits a specified 
limiting permanent set.”” The method 
of determining this stress is designated as 
the offset method and consists of draw- 
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"parallel to the low-atress (straight line) 
: a part of the diagram at a distance 
therefrom, parallel to the strain axis, 
equal to the specified offset. The stress 
corresponding to the point where the 
_ offset line intersects the stress-strain 
curve is the yield strength. 
_ There have been two rather different 
_ reactions to the use of the yield strength. 
One type of reaction comes from engi- 
neers who are concerned mainly with 
_ tests of materials for the purpose of de- 
_ termining whether the material passes 
the specifications. The feeling among 
some members of this group is that a 
value should be determined from the 
test that is less expensive to obtain than 
is the yield strength; one that will slow 
up production less and that will require 
simpler instruments (perhaps dividers 
instead of an extensometer), and one 
that requires less manipulation of test 
data (no stress-strain diagram). If a 
test value can be found from the tension 
test that will satisfy these requirements, 
and at the same time will be trustworthy 
and have real significance as a measure 
of structural damage, all people involved 
| in the production and use of the material 
would probably be satisfied; however, 
such a test value does not seem to have 
been found, at least not for general use. 
The second type of response comes 
from engineers who are concerned with 
the problem of determining the suitabil- 
_ ity and the properties of the metal for 
in load-resisting structures and 
_ machines. Some of the members of this 
group feel that the yield strength does 
not indicate the utilizable strength of the 
_ material (still assuming that failure in 
service would occur by general yielding) 
unless the offset used in determining 
the yield strength is very small—of the 
_ order of the smallest reproducible read- 
_ ing of the extensometer. This view- 
point probably is the result of the linger- 
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ing belief in a “true” proportional (elas- 
tic) limit. The use of such small offsets 
may be useful in determining whether a 
heat treatment has been carried out 
satisfactorily (without introducing high 
internal stress, for example), but the 
utilizable strength of the material is 
rarely limited to permanent deforma- 
tions represented by such small offsets. 
The yield strength is a value of stress 
that is accompanied by a sufficiently 
large deformation or offset to be sub- 
stantially free from the influence of the 
technique of the individual who performs 
the test; at the same time it is a signifi- 
cant value—a property of the material 
associated with the structural damage 
which occurs in the member when used 
so that failure is by yielding; and more- 
over it is applicable to a wide range of 
alloys. Other test values can be found 
from the tension test that also satisfy 
these requirements, but perhaps none is 
found more simply than is yield strength. 
It is doubtful whether any single 
strength value can be found that will be 
free of the above discussed objections. 
Doubt is sometimes expressed as to 
whether a metal that does not have a 
definite yield point can undergo sufficient 
plastic flow to relieve localized stresses 
and make other adjustments required in 
the successful functioning of many mem- 
bers in structures and machines. Thus 
a question is raised concerning the struc- 
tural significance of the yield strength of 
such a material. Since the amount of 
plastic flow required for satisfactory 
functioning of a member of a given ma- 
terial as used in a machine or structure 
probably is never definitely known, vari- 
ous special tests of the material, such as 
those suggested in the outline given 
earlier in this paper, together with tests 
of large-sized structural members having 
a surface finish as manufactured or 
fabricated, and experience in the use of 
the material must furnish the answer to 
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the question. In general, there seems to 
be little doubt that the yield strength 
does have real structural significance as 
a limiting design stréss for static load 
conditions. In this connection it is well 
to recall that a material that exhibits a 
pronounced yield point under uniform 
distribution of stress as in a tension test 
may reveal little evidence of a yield 
point under a nonuniform stress distribu- 
tion even though the stresses are uni- 
directional, as in a bending test, and 
hence the yield point phenomenon may 
be operative to a limited degree in many 
members even though the material may 
be said to have a well-defined yield 
point. 

One more question should perhaps be 
raised. Since permanent yielding of 
metals is basically associated with shear- 
ing stress rather than with tensile stress, 
there seems to be good reason for asking 
why the tension test is retained as the 
basic test for the strength features of 
material that would fail by yielding. A 
discussion of this question is somewhat 
beyond the scope of this paper but it is 
well to recall that most structurally use- 
ful metals are useful largely by virtue 
of the fact that they have cohesive 
strengths (resistance ‘to brittle separa- 
tion) that are large relative to their 
shear strengths (resistance to deforma- 
tion), and hence the tension test can be 
used to bring out the yield properties of 
the materials, which are structurally 
significant if the material is used under 
a stress condition that will permit yield- 
ing. 

Upper and Lower Yield Point.—The 
question is sometimes raised as_ to 
whether the upper or the lower yield 
point of steel should be used as a meas- 
ure of the maximum utilizable tensile 
strength of the material (assuming, of 
course, that the material is a grade of 
steel that really possesses a yield point; 
and assuming also, as before, that if the 
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material fails in service, it does so by 
general yielding and not by elastic buck- 
ling or by brittle fracture as in fatigue, 
etc.). 

In the usual method of testing for de- 
termining the yield point, an upper yield 
point is obtained, but not the highest 
value that could be obtained by observ- 
ing special care in preparing the speci- 
men and in carrying out the test. Under 
the existing specifications for the ten- 
sion test the range between the upper 
and lower yield points is, as a rule, quite 
small, and the stresses corresponding to 
the drop of the beam or halt of the dial, 
and to the horizontal part of the dia- 
gram in an autographic stress-strain 
curve, are satisfactory values for the 
maximum utilizable strength of the ma- 
terial under the conditions of use here 
assumed, provided that the speed of 
testing and other details of the test 
procedure are given proper considera- 
tion in carrying out the test. 

One of the reasons for giving only 
secondary importance to the phenomena 
of upper and lower yield point for the 
purpose here considered arises from the 
fact that the values of both yield points 
are affected appreciably by the type 
and characteristics (especially springi- 
ness) of the testing machine and by the 
technique of testing. Another reason is 
that with the various common types of 
nonuniform stress distributions in mem- 
bers, it is not clear what significance the 
phenomenon of upper and lower yield 
points exhibited in a specimen under 
uniform stress has on the useful function- 
ing and resistance of the member, even 
though failure would be accompanied by 
general yielding. As pointed out in the 
earlier part of this paper, the significance 
of test results depends on how well the 
structural action in the test specimen 
simulates the structural action of the 
material in the member, which brings 
about failure of the member. 
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On the other hand, in certain process- 
a _ ing operations, such as deep drawing, 
an - where localized yielding in the form of 
strain markings or stretcher strains may 
occur, a different significance probably 
should be attached to the phenomenon of 

upper and lower yield points. 


High Yield Ratio Steel—With the pro- 
duction, during the past few years, of a 
variety of low-alloy (hot-rolled), high 
yield point steels, a question that has 

_ often been raised in the use of the higher 
; 140 000 


stress or stress distribution in the mem- 
ber is such that yielding of a considerable 
portion of the member may occur, the 
reserve strength is a measure of the 
resistance of the member to accidental or 
unforeseen overloads; and, second, if 
high localized stresses exist in the mem- 
ber and are not relieved by local yield- 
ing because yielding may be inhibited by 
a triaxial state of stress, the reserve 
strength of the material is assumed to 
indicate the ability of the material to 
resist the high stresses and thus to pre- 
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“Fis. 1.—Typical Stress-Strain Diagrams of Tension Tests. t 

8-in. gage length, 0.5-in. diameter. 

wb @ Nore.—Steels A, B, C and D are low-alloy steels, and steel 36 is plain carbon structural steel. ia ten 


alloy (heat-treated) ductile steels has 
been given added emphasis. The ques- 
tion is whether full use, even under 
static load conditions, can be made of 
the higher yield point of these steels, 
particularly if the increase in yield point 
is accompanied by a narrower spread 
between the yield point and the ultimate 
strength as obtained from a tension test. 
For resisting static loads, the spread 
between the yield point and the ultimate 
is frequently considered to be a measure 
of reserve strength that is available for 
two purposes. First, if the state of 


vent fracture or cracking. However, 
this assumption seems to overlook the 
fact that the reserve strength indicated 
in the tension test involves stresses ac- 
companied by large amounts of plastic 
deformation, whereas the property of 
the material needed under the conditions 
stated is the cohesive strength, that is, 
the stress that can be resisted when 
yielding is prevented and strain harden- 
ing does not occur. 

Figure 1 shows the tensile stress- 
strain diagrams reported by Collins and 
Dolan (15) of two ductile, hot-rolled 
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low-alloy steels (designated as A and B) 
having a ratio of yield point to ultimate 
strength (called yield ratio) of 0.77 and 
0.79, respectively, whereas the yield 
ratio for the ordinary carbon structural 
steel (designated as 36) is only 0.64. It 
will be noted that the ductility, as indi- 
cated by the elongation of a tension 
specimen at rupture and also at the 
yield point, is substantially the same as 
the ductility of the carbon structural 
steel. The following questions naturally 
arise: Do the lesser amounts of reserve 
strength of the two high yield ratio 
steels make them undesirable for use 
in members for resisting static loads? 
Is there any way of determining how 
much reserve strength is needed in 
structural and machine members whose 
useful strength is limited by general 
yielding? It is doubtful whether many 
engineers would wish to give dogmatic 
answers to these questions, particularly 
if various other tests indicate that the 
notch sensitivity of these steels is no 
greater than that of plain carbon struc- 
tural steel. 

If the tensile yield point of a plain 
carbon structural steel were found to be 
greater than 0.65 to 0.70 (say) of the 
ultimate strength, the steel probably 
would be considered to be unreliable, 
and the yield point probably would not 
be considered to be a satisfactory meas- 
ure of the utilizable tensile strength of 
the material for the use here assumed. 
Even if this conclusion is correct with 
respect to plain carbon structural steel, 
the question may be raised as to whether 
one is justified in carrying over the con- 
clusion to the low-alloy, high yield ratio 
structural steels. If a _ specification 
states that the yield ratioshall not exceed 
some limiting value (say 0.70), is this 
value specified because of the require- 
ment for satisfactory design, for fabri- 
cation, for uniformly reliable material, or 
for some other requirement? 


SEELY ON STRENGTH FEATURES OF THE TENSION 549 


Perhaps tests alone will not furnish a 
satisfactory answer to such questions, 
but if more testing were done in accord- 
ance with the ideas discussed earlier in 
this paper, the significant characteristics 
and properties of materials would be 
better understood. 

One fact should, perhaps, here be em- 
phasized: namely, that if a high yield 
ratio steel is used to replace a member 
made of plain carbon steel and the 
working stress is based on the yield 
point, the relative decrease in the stiff- 
ness of the new member due to its re- 
duced dimensions may cause a serious 
increase in the loads taken by other 
members in the machine or structure un- 
less the whole assemblage of members is 
carefully considered from this point of 
view. Likewise, the deflection of the 
member made of the high yield ratio 
steel, rather than its strength, might 
limit its useful resistance. 

In general, the fatigue strength (re- 
sistance to localized fracture, or crack- 
ing) of high yield ratio steel, does not 
increase proportionately with the yield 
point. This statement applies in a 
minor degree to some of the low-alloy 
(hot-rolled) steels, provided that stress 
concentrations are present, but it applies 
more particularly to the higher-alloy 
(heat-treated) ductile steels. Thus, an 
increase in resistance to deformation of 
these steels is not accompanied by a 
proportionate increase in their cohesive 
strength, that is, in their resistance to a 
brittle fracture or separation type of 
failure such as occurs as a spreading 
crack in a fatigue failure. It is evident 
therefore that in selecting design stresses 
for members of such material to be sub- 
jected to a combined steady and variable 
stress, it may not be possible to take full 
advantage of the higher yield point of 
the heat-treated high yield ratio steels, 
since failure by fracture (fatigue) may 
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occur before the yield strength of the 
material is reached. Results show (13, 
16) that this latter condition will occur 
mainly when stress concentrations are 
present and when the variable stress is 
relatively large compared to the steady 
stress. 

No doubt more tests and experience 
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are needed before the significance of a 
high yield ratio in steels can be deter- 
mined satisfactorily, but all such tests 
and experience need to be interpreted in 
connection with the types of structural 
actions that limit the useful resistance of 
members, as discussed in the ee 
partsofthispaper, 
a - 
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THE LIMITED SIGNIFICANCE OF THE DUCTILITY FEATURES OF aes 
THE TENSION TEST 


bangs 


. In this discussion we shall confine 
ourselves to asking what ductility data 
mean. We will not waste time in re- 
capitulating the technique of the de- 
termination of elongation and contrac- 
tion, a matter thoroughly covered by 
A.S.T.M. specifications, in talking about 
the correction factors among elongations 
determined on various gage lengths or 
in worrying about the difficulty of get- 
ting contraction figures on sheet or 
other than round specimens. We may 
assume that if we wanted the data badly 
enough, they could be secured on any 
desired gage length or from any thick- 
ness of specimen so that all materials 
could be compared without the ductility 
data being affected by the method of 
testing. We may also assume that the 
temperature and speed of testing are 
chosen to be suitable for evaluation of 
ductility as related to the intended type 
of service. For brevity, the word “con- 
traction” will be used instead of “‘reduc- 
tion of area.” 

There is widespread belief—and as a 
qualitative first approximation, it is 
true—that large figures for percentage 
elongation and contraction in the tension 
test connote toughness and an ability to 
“take it” in fabrication and in service. 
We know that the strength figures of 
the tension test are quantitative for 
design. If we want to support a 
25,000-lb. dead load by a bar of 1 sq. in. 
cross-section (if we do not care about 
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elastic extension of the bar so that 
elastic moduli are not important) and 
if we are not concerned with creep, then, 
for this condition of shockless static 
loading, any material whatever with an 
elastic limit (determined, let us say, by 
the proof stress method) of 30,000 psi. is 
a substitute for any other. That is, the 
30,000 figure means something irre- 
spective of the material. It is only 
human nature to expect, or hope, that 
such figures as 15 per cent elongation in 
2 in. and 35 per cent contraction, also 
mean something by and in themselves. 

Generally speaking, tensile strength 
and tensile ductility in metals are in- 
versely related; with very high strength 
we must be content with a low level of 
ductility and, with a high level of 
ductility, with low strength. Because 
ductility can be expressed in figures, 
there is a tendency to be impressed by 
the figures, to be favorably disposed 
toward getting the figures as high as 
possible, and to draw specifications 
upon arbitrary figures. Once having 
drawn such specifications we tend to 
think in terms of those figures rather 
than in terms of the plastic action con- 


cerned. 
4 


Ductility Is Sometimes Waived: Oe 


In spite of this predilection toward 
high ductility and large ability for 
plastic flow, the engineer sometimes 
manages to get along without any high 
degree oi piasticity. 

Since nature does not provide the 


> 


| 
A 
its 
in 
al 
of 
us 
er 
Id 
1, 
it- 
S- d 
es ( 
8, 
yn 
” 
nt ‘ 
i- 
1g 
al 
h- 
a. 
r 
th 
1g 
t. 
0 


same degree of attainable ductility on 


all our engineering materials, we adapt 


ah 
- ourselves to the situation. 


The same set 
of tensile ductility figures may represent 
low ductility for a weak material and 


- unattainably high ductility for a strong 


material. In a deep-drawing steel 15 


and 35 per cent would not arouse much 
; _ enthusiasm, but one does not refuse to 
use spring steel merely because it does 


not show 15 and 35 per cent. Nor are 
materials, such as cast iron and cast 
8 per cent copper, 92 per cent aluminum 


alloy, refused engineering use at a close 


approach to0,0. Zinc-base die castings 


find increasing use, even in such things 


as chain hoists. Yet individual speci- 
mens of the die-cast alloy XXI*° are 
acceptable at 0.5 per cent elongation 
- in 2 in. and a Charpy impact value of 


4 ft-lb. (on an unnotched } by }-in. 
bar). “Plastics” (molded organic con- 
densation products) despite their name, 
are ordinarily to be classed among brittle 
materials. Plasticizers are added to 


_ increase formability at molding tem- 


perature, but at room temperature the 
plastics are not very ductile. Data 
cited by Penning and Meyer (1)* for 
cellulose acetate and by Bartoe (2) for 
the methacrylate resins show this. At 
the temperature of a fall day, such res- 
ins may give from a few per cent to 
nearly zero tensile ductility and very 
low impact figures. Indeed, “cold flow” 
in plastics is a failing carefully avoided, 
plasticity at the temperature of use is 
held to a minimum. Yet the plastics 
are widely used, even in stress-bearing 
applications. 

The point is that we use cast. iron, 
cast aluminum alloys, zinc-base die 
castings and molded plastics as engineer- 


2 Tentative Specifications for Zinc-Base Alloy Die 
Castings (B 86 - 38 T), 1939 Book of A.S.T.M. Standards, 
Part I, p. 1153. 

* The boldface numbers in parentheses refer to the 
reports and papers appearing in the bibliography ap- 
pended to this paper, see p. 576. 
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ing materials, in spite of low tensile 
ductility, and sometimes we use them 
in applications where some degree of 
accomodation or “give” to equalize 
stress distribution is needed, and where 
we would not use glass. These mate- 
rials, returned as “‘brittle” by the criteria 
of tensile ductility and impact tests, have 
something that differentiates them from 
a glass-brittle material and renders 
them acceptable for a certain range of 
engineering service. Even glass itself 
is not denied use because it lacks ductil- 
ity, its drawbacks are cared for by not 
putting it where it is expected to carry 
much static or impact load, and by 
arranging, in shatter-proof glass, that 
when an accident does shatter it, the 
pieces stay stuck instead of flying. 
A shatter-proof windshield, as a struc- 
ture, may be classed as non-brittle, 
though the bread members of the sand- 
wich are still brittle. Consider car- 
burized and nitrided steels. Deform- 
ability without irreparable damage can 
often be engineered into a structure, as 
by the use of a shear pin in an outboard 
motor drive. Judicious use of springs, 
rubber or the like can sometimes be 
made to serve a similar purpose in 
guarding against the results of accidental 
overload. We might more often stop 
to figure out whether the essential is 
ductility in the metal parts or deform- 
ability in the structure. 

We seldom use glass-brittle metals, but 
we do use some that by contrast with 
others are of very low ductility, but 
which are still not entirely devoid of 
some kind of toughness. We pick and 
choose our engineering applications of 
the more brittle materials, making due 
allowance for their shortcomings. Con- 
sider the uses of Duriron. 

A shift in the point of view of auto- 
motive designers is evidenced by a com- 
parison of the properties demanded in 
the forged, heat-treated steel crank- 
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shafts for the Liberty motor, around 
140,000 psi. tensile strength, 120,000 
psi. yield strength, 18 per cent elonga- 
tion, 55 per cent contraction, 50 ft-lb. 
Izod impact, with the properties of the 
Ford cast crankshaft, which Russell 
and Welcker (46) found, on specimens 
cut from a commercial crankshaft, to 
be 78,000 psi. tensile strength, zero 
elongation, zero contraction, 1 ft-lb. 
Charpy impact. In separate test speci- 
mens, around 2 per cent elongation and 
contraction can be obtained. Millions 
of Ford cars in operation prove the cast 
alloy excellent for a crankshaft of the 
design nowadays used to secure stiffness, 
but to propose it for a crankshaft at the 
time it was introduced was rank heresy. 
How many engineers would have sec- 
onded the proposal on the basis of a 
statement of the properties, with zero 
ductility figures staring them in the face? 

Malleable iron has a peculiar com- 
bination of toughness and brittleness. 
Notched bar impact tests show only 
7 to 10 ft-lb. Charpy, 8 to 13 Izod, on 
material of present-day ductility. Yet 
the wedge-curling test shows remarkable 
toughness (4). The 1915 A.S.T.M. spe- 
cifications required only 38,000 psi. 
tensile strength, 5 per cent elongation, 
and today 40,000 psi. tensile strength, 
30,000 psi. yield strength, 5 per cent 
elongation remain as specifications for 
pipe fittings, usually made of cupola 
malleable. The Society’s Standard Spec- 
ifications for Malleable Iron Castings 
(A 47 — 33)* now call for 50,000, 32,500, 
10 per cent in one grade and 53,000, 
35,000, 18 per cent in another. The 
18 per cent grade is often called for in 
railroad work, but other large users, 
especially the automotive industries, 
remain content with the 10 per cent 
grade. Contrary to the trend with most 
other materials, as the yield strength of 


‘ 1939 Book of A.S.T.M. Standards, Part I, p. 499. 


GILLETT ON SIGNIFICANCE OF DUCTILITY IN THE TENSION TEST 553 


malleable iron rises so does the elonga- 
tion, hence, if the mere ductility increase 
confers better engineering usefulness 
upon the high elongation material, that 
factor is hard to untangle. 

Short cycle or pearlitic malleable, in 
distinction from regular malleable iron, 
tends to show a decrease in tensile 
ductility as strength increases. One 
may have such figures (5) as 90,000 psi. 
tensile strength, 70,000 psi. yield 
strength, 4 per cent elongation. If such 
material has, in service, the toughness 
that would be expected from the area 
under the stress-strain diagram it would 
seem to deserve wider engineering use 
than it has yet had. Its relatively slow 
acceptance may be largely due to the 
low figure for tensile elongation and the 
lack of information on behavior under 
notched conditions. 

The case of pearlitic malleable, with 
twice the yield strength but only about 
one-fifth the elongation figure of the 
strong grade of regular malleable iron, 
is one which well exemplifies the fact 
that when we have merely the strength 
and ductility figures of the tension test 
without intimate knowledge of other 
idiosyncrasies of a material, we are not 
in a position to make a sound engineer- 
ing appraisal of its usefulness. 

Ordinary heat-treated duralumin has 
around 60,000 psi. tensile strength and 
18 per cent elongation. In modified 
compositions 75,000 psi. tensile strength 
is reached, with 12 per cent elongation. 
How much do we know from those 
figures as to what types of service one 
variety is suited for and the other not? 

If ductility figures on transverse 
specimens were available for all the bar 
stock that is tested only in the longi- 
tudinal direction, our subconscious 
estimate as to the necessary minimum 
ductility for acceptable service would be 
modified. A large proportion of mate- 
tial in service would show shockingly 
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the longitudinal direction only! 
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low transverse ductility. Service 
are not necessarily applied in 
If we 
were to compare true transverse stress 
with transverse ductility instead of 
design stress and longitudinal ductility, 
we would lower our sights on the 
minimum ductility figure we need to 
aim for. 
Perhaps the consideration of what 
"actually goes on in the tension test 
help to indicate the figures 


Tue MECHANISM OF PLASTIC 
DEFORMATION 


Much of the basic information about 
the mechanism of distortion and fracture 


in the tension test has been presented 


_ in the course of the Society’s Symposium 
on Impact Testing.’ It was _there 


manifestation of plasticity which 

- occurs when the shear stresses that 

produce plastic flow are not accompanied 
by tensile stresses that exceed the 
_ cohesive strength. To be ductile in 
_ tension, a metal must have a cohesive 

strength at least twice its shear strength 
_ (resistance to deformation), since the 
tensile and shear stresses are in a 2:1 
ratio. That is, ductility or brittleness 
in tension is a result of the ratio of the 
_ gtrength properties of the material. 
This strength ratio is inherent. The 


_ shape of the specimen, so that a speci- 
men of the same material can behave 
in a ductile or a brittle fashion depend- 


A notch alters the ratio of applied 
tensile and shear stresses. Suppose the 
_ material has a strength ratio of 2.5:1, 
cohesive strength to resistance to def- 


5 Proceedings, Am. Soc. Testing Mats., Vol. 38, Part 
TI, p. 21 (1938). 


ormation. Then, in the standard un- 
notched tension test, with the ratio of 
2:1 tensile to shear stress, the specimen 
is ductile. Surround the specimen with 
a notch, due to which the stress ratio 
is 3:1 tensile to shear, then the specimen 
is brittle. Note that it is the specimen, 
not the material, that is brittle. To 
carry this a bit further, we might con- 
clude that, in an annealed or stress- 
free state the “toughness” or “brittle- 
ness” of a metal depends on the ratio 
of its cohesive strength to its shear 
strength and the way in which loads 
are applied. 

If ductile or shear type failure starts 
under stress, the elongation and con- 
traction will depend on 

1. The magnitude of the original 
ratio of cohesive strength to shear 
strength, and 

2. The rate at which this ratio de- 
creases under plastic flow. 

Thus, a high value of elongation may 
originate in two ways: 

1. The ratio of cohesive strength to 
shear strength may be very close to 
2:1 in the virgin metal; however, this 
ratio may change very slowly with 
plastic flow and failure will thus be 
delayed until high values of elongation 
are reached. 

2. The ratio of cohesive strength to 
shear strength may be much greater 
than 2:1 in the virgin material; how- 
ever, the ratio may drop more sharply 
during plastic flow with the result that 
an elongation similar to that in (1) 
would be obtained. 

While the two materials would thus 
have the same “toughness” or “duc- 
tility” as measured by elongation, it 
would be expected that they would be- 
have quite differently under fatigue or 
impact stresses. 

Thus, material of identical tensile 
strength, yield strength, elongation, 
and contraction on a standard specimen 
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may be quite different in response to 
tensile stress when they are in non- 
standard geometric shape, or under a 
more complex system of stresses. The 
brittleness that may ensue when the 
stress system is that induced by a notch 
is what is sought to be revealed by 
notched-bar impact testing, and, histor- 
ically, Izod developed such testing in 
order to discriminate between steels 
which, according to tension test, 
were of equal toughness. 

The action of the two stress systems 
and the response of the metal to them 
can be seen in the fractured tension 
bars. Materials with low cohesive 
strength break before plastic deforma- 
tion can come into play, little elongation 
or contraction occurs, the fracture is 
flat and at right angles to the tensile 
stress—it is a “brittle fracture” as 
occurs in cast iron. Other alloys, like 
cast manganese bronze, stretch rather 
steadily up to fracture and neck down 
bya gradual taper. Annealed austenitic 
steels show almost uniform elongation 
and contraction throughout the gage 
length. In cast bronzes and in mal- 
leable cast iron the numbers for elonga- 
tion and contraction are usually quite 
close to each other. In normalized 
cast steel, the contraction figures nor- 
mally run from 1} to 2 times the 
corresponding elongation figure. In 
wrought, annealed, normalized, or 
quenched-and-tempered steels of usual 
composition and treatment the contrac- 
tion figure is generally around twice 
that for elongation; that is, there is 
marked local necking. The mode of 
deformation varies in different alloys. 

When no appreciable plastic deforma- 
tion occurs, the fracture starts at the 
periphery and progresses across the 
section. When marked necking occurs, 
the fracture starts at the center. If 
the test is stopped at this point and the 
bar is sectioned longitudinally, a flat 
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spot is found where the middle of the bar 
pulled apart while the periphery still 
held and was still undergoing plastic def- 
ormation. The deformation produces 
a radial tensile stress at right angles to 
the applied tensile stress—the center 
spot is therefore under three-dimen- 
sional stress and under such stress the 
metal, even though ductile, fractures in 
brittle fashion (7). Finally the outer 
ring gives way on the 45-deg. plane of 
the applied shear stress and shows the 
“cup and cone” fracture. Thus the 
fractures, ranging from all flat, a large 
flat surrounded by a small cup and cone, 
a small flat surrounded by a large cup 


_and cone, to full cup or star, themselves 


give something of a record of the rela- 
tive cohesive strength and resistance to 
deformation of the metal. Differences 
in mode of deformation may thus show 
up, even though the total energy to frac- 
ture may be the same. 


Merit Indices: 


Various have been 


“merit indices” 
advanced which purported to evaluate 
the relative weights of the various tensile 


properties. The merit indices are little 
more than a feeble attempt to condense 
into one quantity, from the figures re- 
ported in the tension test, but without 
taking a complete stress-strain curve, 
some approximation to the area under 
that curve. Various weightings have 
been used without making any one index 
much more useful than another. All 
the indices labor under the difficulty 
of comparing apples and pears, and fall 
short of giving the information of the 


It is often true that while we ask for, 
and measure, ductility, what we are 
really after is toughness. 

The qualitative term “toughness” is 
broader than that of “ductility.” Lead 


Toughness: 


» 
43 
J 


is ductile, but we do not call it tough; it 
has not the strength implied in tough- 
ness. The area under the stress-strain 
curve is a measure of the energy required 
to fracture the specimen—in the tension 
test, that is, where deformation is free to 
occur just as it occurs in the standard 
tension test on the standard specimen. 
For this condition, that area is one meas- 
ure of what we term toughness, though 
one that still has to be viewed in the 
light of the strength properties. Pure 
aluminum with low strength but high 
ductility, and cupola malleable iron of 
higher strength and low ductility, might 
show the same area under the stress- 
strain diagram and by this measure 
would have the same toughness, but not 
by other criteria. 


Four Cases of Ductility Requirements: 


Keeping it firmly fixed in mind that 
different engineering materials do have 
different modes of plastic deformation, 


in order to keep from approving false 


generalizations that may have been 


_ drawn, and recalling also that the meas- 
urements made tell only the final condi- 
tion, after stressing to fracture, but 


nothing whatever about the early stage 


_ of plastic flow, so as to be mindful of the 


inherent Sualtutions, let us see how the 
engineer actually uses ductility figures. 


There are four cases for which the 


“may be considered: 


1. The metal is not in its final form 


but is a raw material which is to be 


_ shaped into final form by plastic defor- 
- mation, as in stamping out an automo- 


bile fender. 


2. The metal is in final form for engi- 

_ heering use, but in normal service is 
5 called upon for plastic deformation. 

3. The metal is ia final form, the engi- 


neering service calls for no plastic defor- 


mation, and may even forbid any such 
deformation whatever, but accident in- 
surance is required in that if failure does 
occur through accident, it must occur 
by plastic yielding rather than by snap- 
ping off. 

4. The metal is in final form, the nor- 
mal service or the accident insurance 
aspect admittedly calls for relatively 
little ductility, but a large measure of 
ductility is likely to be demanded by the 
engineer because properties which he 
may not be able to measure or even to 
define, are needed in normal service, and 
experience, intuition, or superstition, 
tells him that by calling for ductility he 
will probably get the other properties. 
Here ductility is not the road bed, but 
merely a sign post along the road. 

In all four cases we are confronted by 
the question of how much ductility to 
demand, that is, how to draw speci- 
fications. 

Case 1. Material for Plastic Forming. 
—In fabrication by bending, deep draw- 
ing and the like, ability for large local 
plastic deformation without attendant 
embrittlement or, as it is termed, with- 
out “exhausting the ductility” is desired. 
In evaluating suitability for such defor- 
mation, a knowledge of the yield and 
tensile strengths and the ductility prop- 
erties, especially the transverse ductility, 
the hardness, the grain size and the pro- 
pensity toward work hardening, is help- 
ful, as a first approach. Cupping tests, 
wedge-drawing, and in particular, bend 
and repeated bend tests also help. 
Among all of these, perhaps tensile duc- 
tility is the guide most depended upon, 
though the repeated bend test seems 
worth consideration as perhaps repre- 
senting a still closer approximation to 
what we really want to know. 

I understand that, at a conference on 
cold work held in Pittsburgh in the fall 
of 1939, Winlock, whose opinion deserves 
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great respect, cited tensile ductility as 
the best single guide to deep drawability. 
It is, indeed, customary to demand a 
certain level of tensile elongation as a 
first requirement, then make a further 
evaluation on the basis of several other 
pertinent factors. 

But it is so notorious that the only 
way to evaluate precisely the deep draw- 
ing properties of a steel or a non-ferrous 
alloy for a given job is to try it out on 
that particular job, that it is not neces- 
sary to labor the argument here. We 
may state categorically that the tensile 
ductility figures alone are not a satis- 
factory basis for complete evaluation of 
deep-drawing behavior. 

In this case we do want plasticity, 
and we want all we can get. The urge 
for high formability is justified. What 
we badly need is some more accurate 
criterion than tensile ductility. 

Case 2. Normal Service Calls for Plas- 
tic Extension—Examples under this 
heading which call for large plastic exten- 
sion in service are scarce, though some 
parts might be said to require plastic 
formability in normal use. A pewter 
pitcher has advantages over a glass one 
in that when dropped and dented it can 
be beaten back into shape. Spectacle 
bows get out of shape and have to be 
adjusted. A tin can must dent rather 
than crack when the filled can is dropped. 
Fenders must be capable of being un- 
crumpled from time to time, and axles 
need to be capable of bending back to 
bring the front wheels into alignment 
after road shocks have misaligned them. 
But the ability to be restored is a virtue 
only because of an initial failure. If any 
of these parts had sufficient elastic 
strength and “crackless plasticity” to 
resist both permanent deformation and 
shattering in the first place, there would 
be no need for the virtue of restorability. 

A case where tensile ductility may 
correlate quite directly with service re- 


quirements appears in pipes that may 
accidentally freeze in normal service. It 
is found that ordinary lead pipe and pipe 
from lead containing 0.05 per cent tel- 
lurium differ in the number of times 
water may be allowed to freeze in them 
before they will burst. On a slow ten- 
sion test (52), ordinary lead shows some 
50 per cent elongation in 8 in., tellurium 
lead some 90 per cent, and the number 
of freezings to failure is about in that 
order. If the tension test is run rapidly, 
the figures are something like 53 per cent 
and 56 per cent, respectively, and in 
rapid freezing the corresponding pipes 
differ little in number of freezes before 
bursting. The matter is complicated 
by the fact that the tellurium also in- 
creases the tensile strength, and it mark- 
edly confers the property of retention of 
work hardening, which property is lack- 
ing in ordinary lead, so the behavior is 
not necessarily ascribable wholly to the 
difference in elongation. However, in 
copper pipe that must stand accidental 
freezing, annealed copper with lower 
strength and higher elongation behaves 
better than hard drawn. 

It should be noted that in these cases, 
it is an abnormal rather than a normal 
condition of service that calls for duc- 
tility, and that neither the lead nor the 
copper pipe will stand many repeated 
freezings. The cases where the need for 
formability of such degree actually 
enters into the expected service before 
failure are decidedly rare in engineering 
practice. In the stretching of the pipe 
through the expansion of water on freez- 
ing, tensile ductility is exactly the prop- 
erty that is utilized, is a valid direct 
measure in itself, and the demand for 
high figures is reasonable. 

Ability for Stress Distribution in Static 
Loading.—A smaller degree of capability 
for yielding in use is called for in many 
applications of structural steel. Every- 
one agrees that some degree of tensile 
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ductility is required in such structures as 


bridges, in structural framework for sky- 
scrapers, in ships and the like, where a 
number of stressed members must be 


_ joined by bolting, riveting or welding and 


tion in 2 in. of 22 per cent. 


perfect alignment cannot be secured. 
There is, however, no agreement on just 
how much ductility is required. Local 
yielding is necessary to distribute the 
stress, so material with some ability 
for plastic deformation is always used 
_for tension members. The Society’s 
‘Standard Specifications for Steel for 
Bridges and Buildings (A 7 — 39)® pre- 
scribe 2 minimum elongation in 8 in. of 
1,500 ,600 


tensile strength and a minimum elonga- 
In the 
Standard Specifications for High Tensile 


Strength Carbon-Silicon Steel Plates 


for Boilers and Other Pressure Vessels 


8 in. for flange grade is 


(A 212 — 39)’ the minimum elongation in 
1,550 ,000 
tensile strength’ 


- For 70,000 psi. tensile strength, these 
_ values are 21.5 and 22 per cent elonga- 


tion in 8 in. In the Standard Specifica- 
tions for Boiler and Firebox Steel for 


Locomotives (A 30 - 39)°, the minimum 


tensile 


tural steel is — 


elongation in 8 in. for flange grade is 
1,500 ,000 
strength 
1,550 ,000 
tensile strength’ 
strength, these are 25 and 26 per cent. 
In the Standard Specifications for Struc- 
tural Steel for Ships (A 131 — 39)® the 
minimum a in 8 in. for struc- 


1,500 ,000 
tensile 
tensile strength would be 


With the same fraction 


and _ for 


For 60,000 psi. tensile 


65,000 psi. t 
23 per cent. 


for rivet steel and steel for cold bending 


6 1939 a of A.S.T.M. Standards, Part I, p. 1. 


1 Ibid., 


8 Ibid., 
9 Ibid. p. 17. 
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the elongation at 60,000 psi. 
strength would be 25 per cent. 
That is, on such steels of 20 to 26 per 
cent elongation, a difference of 1 or 2 per 
cent in the figure is supposed to 
delineate steels into certain classes for 
different engineering services. It takes 
some stretch of the imagination to see 
why 20 per cent elongation is not ample 
to allow all the local readjustment neces- 
sary to distribute stress, whether it be 
in a bridge structure or in allowing a ship 
to “find herself” on her shakedown run. 
Aitchison (8) gives a 20 per cent figure 
in a back-handed sort of way. He says 
the steel should “be capable of under- 
going a certain amount of distortion 
without fracture.” ‘In other words the 
steel must possess a reasonable degree of 
ductility.” “The degree of distortion 
necessary depends on the smallness of 
the radius involved. If, however, it is 
considered that the actual portion of the 
steel part which is to distort is perhaps 
only 0.01 in. deep and 0.01 in. long, an 
elongation of 20 per cent in this par- 
ticular volume of steel will have an inap- 
preciable effect upon the general dimen- 
sions of the part.” He does not defi- 
nitely state that 20 per cent is the “‘cer- 
tain amount” or the “reasonable degree.” 
™n another place he comments that 12 
der cent elongation i is good for a steel of 
170,000 psi. tensile strength, while for 
one of 100,000 psi. tensile strength it 
would probably be good only if it were 
more than 20 per cent. Further on he 
says it is obvious that no particular value 
of elongation or contraction is a safe 
value, or one that will guarantee the life 
of a part, since “ductility factors are 
called into play in engineering parts and 
structures only under very special con- 
ditions and circumstances.” 
Epstein (60) cites Miller as believing 
that 5 per cent elongation about a rivet 
hole in structural steel is an adequate 


tensile 


TI 
argu 
Ame 
ago 
siste 
mea: 
Moo 
duct 
duct 
ticit 
that 
welc 
to c 
elon 
mor 
how 
tion 
A 
fron 
stat 
star 
for 
as d 
und 
sucl 
tha 
thu 
| ing 
like 
call 
& pla: 
tior 
mil 
He 
of 
ing 
|= 
Bu 
the 
amount. fey 


The matter of ductility in welds was 
argued in a symposium held by the 
American Welding Society several years 
ago (10). In this Jennings cited incon- 
sistencies between ductility of welds as 
measured by tension and by bend tests, 
Moore pointed out that neither tensile 
ductility nor bend values measure the 
ductility needed in “crackless plas- 
ticity,” Chapman expressed the belief 
that ductility is useful as a measure of 
cleanliness, and Greene said that, for 
welded pressure piping, there is no need 
to call for more than 10 or 12 per cent 
elongation, since quality of weld is far 
more important than ductility, and, any- 
how, it is the first 0.1 per cent deforma- 
tion that is most important. 

Ability for Stress Distribution Under 
Repeated Stress.—Shifting our attention 
from the structures that are subjected to 
static stress to machine parts for with- 
standing repeated stress, some ability 
for distributing stress is required, but 
we can hardly call that ability ductility 
as ductility is ordinarily defined. 

A usual explanation for good behavior 
under conditions of stress concentration 
and particularly for good behavior in 
such conditions under repeated stress, is 
that the metal at a sharp angle, like a bad 
fillet, at a notch or at the tip of a crack, 
can undergo very localized plastic flow, 
thus rounding off the angle and distribut- 
ing the stress. Some form of something 
like ductility is postulated. Moore (11) 
calls the property desired ‘“‘crackless 
plasticity,” but says (12) that deforma- 
tion only of the order of 1 per cent over a 
minute area seems to be involved. 
He (13) remarks, “the beneficial effect 
of slight, crackless, plastic action in eas- 
ing overstress is probably the salvation 
of many a crank pin and railroad rail.” 
But, as Peterson and Moore (14) pointed 
out, such readjustment occurs early in 
the first overload or at least in the first 
few repetitions of relatively small over- 
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load, while tensile ductility measures 
what occurs throughout a single huge 
overload—one that is actually carried to 
failure before the measurement is made. 
The distortion during the “easing” 
process is very small. In view of the 
comment of Moore on railroad rails, we 
might recall that a rail is not a very 
ductile or tough material—it may have 
some 9 per cent elongation, 12 per cent 
contraction, and 2 ft-lb. Izod. 

After a long private discussion of duc- 
tility among a few eminent engineers and 
metallurgists, they agreed that the situa- 
tion could probably be summed up as 
follows: “If in a finished machine or 
structure all the metal is capable of with- 
standing 1 per cent further elongation, 
this 1 per cent will be sufficient for stress 
adjustments. This means 1 per cent 
along very short gage lengths at loca- 
tions where there is high stress concen- 
tration.” 

From another point of view a figure of 
1 per cent has been arrived at by Rés and 
Brandenberger (15), who say that, in the 
welding of soft steel pressure piping, if 
the pipe has previously been bent so that 
an extreme fiber shows more than 1 per 
cent elongation, the piping should be 
annealed 2 hr. at 1150 F. to make it 
stress-free and “overcome the drop in 
ductility and impact resistance due to 
cold work.” Implied in this is the idea 
that 1 per cent permanent elongation is 
not harmful. 

Total Flow versus Initial Flow.—From 
such instances and such comments, the 
question emerges whether the measured 
tensile ductility, which includes per- 
formance clear up to fracture, has any 
real bearing on engineering requirements 
of a part ready for service, and whether 
the really important factor in plasticity 
is not the initial plastic deformation, the 
only deformation we are going to use. 
The rest may be superfluous. 

. If, in forming, we need to use nearly 
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all the available plasticity, we are then 
interested in the whole of the plastic 
range. From the engineering point of 
view, we may be interested in the super- 
fluous ductility as a reservoir for forma- 
bility under conditions of catastrophe 
that may occur, not in use but in misuse, 
that is, as an accident insurance. But 
all in all, it appears that in the examples 
that fall strictly under case 2, the useful 
ductility is far below the level usually 
specified, so the justification for the 
specifications must be sought in other 
needs. Indeed, in many engineering 
uses for which ductile materials are com- 
monly specified, there is no appreciable 
general elongation necessary or desired 
in service; the design is always on the 
basis of elastic or fatigue loading below 
the yield strength. Bolts may stretch, 
and it is better that they stretch rather 
than snap, but as long as they do not 
snap, the stretch is no virtue. It is not 


pleasant to have the fiddle string snap 


in the midst of the sonata, neither is it 
good to have it stretch and get out of 
tune during the playing. A connecting 
rod that stretches is not at all acceptable 
to the automotive engineer. The ulti- 
mate in freedom from plastic flow is re- 
quired by the turbine engineer who 
‘wants his turbine rotor to be sufficiently 
creep resistant against the centrifugal 
forces to keep its stretch below 1 per cent 
in 100,000 hr. We certainly do not 
specify tensile ductility because we 
expect to use it in such cases. 

Case 3. Ductility as an Insurance Fac- 
tor —Much of the call for ductility comes 
from our feeling of need for some sort of 
insurance against accidental conditions. 
We would prefer that in an automobile 
collision, the steering wheel bend out of 
shape rather than break off and jab the 
end of a spoke into our chest. We feel 
that a coupler knuckle on a freight car 
will sometimes have to withstand a 
greater coupling speed than the railway 


rules called for. We want the head of a 
cold chisel to resist both battering down 
and spalling off. 

Choosing material for a refinery still 
tube so that when overheated it must 
bulge and thus give warning of impend- 
ing disaster, is sound engineering (al- 
though we should not forget that, if 
cheap enough tubes were available that 
never bulged, but stood all possible 
degrees of overheating without stretch- 
ing appreciably, they would be the ones 
chosen). 

How much ductility, in percentage 
elongation and contraction, is needed to 
avoid snapping off in an accident? The 
answer seems to be “some.” Energy 
absorption, rather than mere deforma- 
tion, would seem to be what is required, 
so again it is toughness, rather than duc- 
tility, that is actually wanted, and the 
qualitative presence of toughness is more 
important than the quantitative amount. 

Case4. Ductility as an Indicator Only. 
—Most engineers freely admit that many 
engineering uses do not demand, and 
indeed will not allow, any plastic defor- 
mation, but in such cases they neverthe- 
less require a high measure of ductility, 
solely because it is believed to connote 
a metallographic structure which in turn 
insures the presence of some other, often 
unnamed and not clearly understood, 
desirable attribute. Experience having 
shown that good behavior in service 
accompanies the proper structure, duc- 
tility is used as a mechanical indicator 
of structure, so specifications are drawn 
to insure that future lots shall have the 
ductility of the previous lots of good 
behavior. There is logic in this point of 
view. Nevertheless to be thoroughly 
logical in it, should the specifications not 
be drawn so as to reject material above 
as well as below, the ductility level of 
the material of past experience? Is it 
not possible that some of the wanted, 
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but unnamed, attributes are inversely 
related to ductility? 

Is not the selection of ductility as the 
‘ criterion for other features that are 
needed something like the assumption 
that, since some individual has been able 
to approve all the New Deal nostrums, 
he is thereby fitted for any Governmen- 
tal post, from the Supreme Court down? 

Some specific cases of the use of duc- 
tility as an indicator may be cited. One 
such use is in the study of stability of 
cast heat-resistant alloys. An alloy of 
the 25 per cent chromium, 12 per cent 
nickel type, as cast, may show say 
12 per cent elongation, but after a 48-hr. 
exposure at 1600 F., the elongation may 
drop to 3 per cent. Whether one thinks 
that 3 per cent is enough for the required 
service of heat-resisting castings or not, 
he cannot but be disturbed by the change 
and fear that in high-temperature service 
a condition might be reached that, by 
any criterion, would be called brittle. 
The situation would not be much differ- 
ent if the figures were 40 per cent and 
10 per cent, for it is the change rather 
than the absolute value that is dis- 
turbing. 

Discussion rages on the “embrittle- 
ment” of carbon-molybdenum steel for 
high-temperature use, based on decrease 
in static ductility in laboratory tests at 
operating temperatures, but at loads con- 
siderably above design loads. Whether 
these changes will occur under service 
loads after very long periods of time or 
whether they are related to a different 
mode of deformation under a higher rate 
of strain than is exerted by loads that 
are permissible from the point of view of 
creep, remains to be seen. At any rate, 
experimenters use static ductility as an 
indicator in such cases. Often the real 
concern is not so much the low elonga- 
tion in itself as is the development of 
intergranular fissures and the fear of 
brittleness under shock or repeated load, 
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due to the presence of a sharp notch, 
irrespective of the ductility of the sur- 
rounding metal. 

The Bridge Wire Case.—Fissures ap- 
peared to be a prime cause of failure in 
the heat-treated wires of the Mt. Hope 
and Ambassador bridges (16). The aver- 
age tensile properties of the usual cold- 
drawn wire, which does not fail, and of 
the heat-treated wire, compareas follows: 

Tensile Vield 4in., tion, 
Strength, Strength, per per pile 

psi. psi. cent cent 


223000 183000 6.6 40 
223000 190000 6.1 37 


However, when a large number of speci- 
mens of the heat-treated wire were 
tested, with their galvanized coating on, 
occasional specimens with less than 2 per 
cent contraction were met. When the 
coating was removed and the surface of 
the wire cleaned up by reducing the 
diameter from 0.195 in. to 0.165 in., there 
were no cases of low ductility. Swanger 
and Wohlgemuth (16) say that the low 
contraction was due to defects in the 
outer layer of the wire which, in the ten- 
sion test, modified the mode and degree 
of deformation at the point of fracture. 
The brittle fractures that occurred in the 
bridges are ascribed to two causes, pits 
and lack of seating. 

The breaks were fatigue failures, 
whose nuclei were located at surface im- 
perfections, arising from pits on the wire 
rod and not “ironed out” by the one or 
two drafts of the drawing process used on 
the heat-treated wire, whereas in the five 
drafts of the cold-drawn wire, they were 
ironed out. The pits were filled with 
the iron-zinc alloy layer, and cracks, 
which started at these points under fluc- 
tuating load, progressed through the duc- 
tile material beneath. 

By stucv of the stress conditions it was 
concluded that another point of differ- 
ence was that the yield strength of the 
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cold-drawn wire, though only 7000 psi. 
lower, was nevertheless enough lower to 
permit a desirable plastic flow or creep 


that permitted seating of the loops and 


thus lowered the imposed bending stress. 
From this point of view the really neces- 


gary ductility was not that measured in 
the tension test, but only that first tiny 
increment of ductility comprised in room 
temperature creep, and it was equally 
_ necessary that this amount of plasticity 
available at not too high a load. 
shall refer to this again.) 


(We 


However, as Thum pointed out in dis- 


cussion, brittle tensile fractures were 
obtained now and then at low loads in 


laboratory tests by incremental dead 


e loading of the heat-treated wire, which 
tests, had they been given sufficient 


weight, might well have brought about 
changes in the manufacturing process 
which would have avoided the surface 
pits and made the use of heat-treated 
wire a triumph instead of a disaster. 
The lesson taught by tensile ductility 
was not sufficiently taken to heart. 

The interpretation of all the facts 
about the bridge wire is still in dispute, 


_ but the conclusion is inescapable that the 


invariably good tensile ductility figures 
for the core of the heat-treated wire did 
not make the wire immune to the embrit- 
tling effect of surface stress raisers. 
Guns.—A big gun requires resistance 
to the shock of firing. All arsenals study 
the radial ductility of their gun blanks 
and take great pains to get radial duc- 
tility of the same order as the longi- 
tudinal. Yet, in absolute figures, the 
ductility does not have to be exceptional. 
Dickson (17) gives, for a cast, autofret- 
taged gun, soaked at 570F. after the 
working, 115,000 psi. tensile strength, 
90,000 psi. yield strength, 5 to 11 per 
cent elongation, 36 to 48 per cent con- 
traction. Present values run 115,000 
psi., 95,000 psi., 17 per cent and 60 per 
cent. By various types of shock tests, 
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especially tension impact, the arsenals 
assure themselves that notch brittleness 
is absent. If that absence is assured, a 
relatively small amount of tensile duc- 
tility, in relation to that ordinarily re- 
quired by specifications for steel of these 
tensile strength properties, suffices. 

Such values for gun material make one 
wonder why 20 per cent or more elonga- 
tion is needed in a statically stressed 
bridge, and emphasize the fact that, 
broadly speaking, ductility specifications 
for material other than that to be fab- 
ricated by plastic forming are imposed 
primarily to obtain something else than 
ductility. 

Cast Steel—A case where stringent 
requirements for static ductility are im- 
posed is that of cast steel. In the So- 
ciety’s Standard Specifications for Car- 
bon-Steel and Alloy-Steel Castings for 
Railroads (A87- 36)" the following 
properties are specified for grade B steel: 
70,000 psi. tensile strength, 38,000 psi. 
yield strength, 24 per cent elongation in 
2 in., and 36 per cent contraction. 
While impact values are seldom speci- 
fied, in general, a steel meeting or exceed- 
ing this ductility shows over 25 ft-lb. 
Izod impact, one failing to meet it less 
than 25 ft-lb. Commercial cast steels 
generally run 75,000 to 80,000 psi. tensile 
strength, 45,000 to 50,000 psi. yield 
strength, the strength requirements are 
easily met, but much difficulty has been 
encountered in consistently meeting the 
ductility requirements. When making 
steel castings that were aluminum 
treated to avoid gas porosity Sims and 
Dahle (18) very definitely correlated the 
failure to meet ductility specifications 
with the presence of inclusions as films 
at crystal boundaries. When slightly 
larger amounts of aluminum were used 
and the sulfur content controlled, the 
inclusions became globular and the duc- 


10 1939 Book of A.S.T.M. Standards, Part I, p. 224. 
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tility and impact requirements were con- 
sistently met. 

Here a hair-trigger difference in duc- 
tility values is an indicator of a real dif- 
ference in the metallographic make-up of 
the steel. That the values in them- 
selves, as numbers, mean anything from 
the engineering point of view is very 
doubtful. If both steels were sound and 
homogeneous, in what engineering use 
could one differentiate the behavior of 
say, steel A of 22.5 per cent elongation, 
27.5 per cent contraction, and 22.5 ft-lb. 
Izod impact and steel B of 24 per cent 
elongation, 36.5 per cent contraction, 
and 28 ft-lb. Izod impact? 

The justification for the specification 
and for the rejection of steel A, if they 
are just, rests not in those figures, but 
in the fact, commented on by Frank in 
discussion and also by Gagnebin (19) 
that the “low” ductility specimens gen- 
erally show irregular, woody fractures, 
that is, that the film type of inclusion 
affects the mode of deformation and in- 
troduces a factor of uncertainty. What 
it is really desired to guard against is 
this uncertainty. The ductility is 
mere indirect evidence of the metallo- 
graphic structure. Yet the specifica- 
tion, couched only in the language of 
tensile ductility, seems to bar perfectly 
good steels. 

This is more obvious when the require- 
ments are stepped up to those of the 
Society’s Standard Specifications for 
Alloy-Steel Castings for Structural Pur- 
poses (A 148-36)" which give for 
class B, grade 2 steel 90,000 psi. tensile 
strength, 60,000 psi. yield strength, 22 
per cent elongation, 45 per cent contrac- 
tion, and, implied, an Izod impact value 
of at least 20 ft-lb. This requires some 
alloying element, usually between 1 and 
2 per cent manganese. Grotts (20) re- 
ports a 1.85 per cent manganese steel 


1 1939 BookfoffA.S.T.M. Standards ,Part I ,p. 230. 
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that, after proper heat treatment, gave 
110,000 psi. tensile strength, 63,000 psi. 
yield strength, 22 per cent elongation, 
44 per cent contraction, and 26 ft-lb. 
Izod impact, which is not acceptable 
under the specification by 1 per cent on 
contraction. The specified properties 
can be met and exceeded by the use of 
other alloying elements in place of part 
of the manganese and by employing some 
grain-refining addition. But by what 
process of reasoning or test do the speci- 
fication makers arrive at a proper basis 
for rejection of the 44 per cent contrac- 
tion, plain manganese steel, free from 
film-like inclusions or woody fracture? 
Is it so impossible or impractical to 
specify microscopic structure or type of 
fracture that we have to hide what we 
want behind what we do not need? 


Drrect Versus INDIRECT TESTS 


All that the tensile ductility figures 
themselves can do is to lead us to one 
alcove in the library; they do not tell us 
on which shelf the wanted book is. 

Assumption that there is a causal rela- 
tionship between tensile ductility and 
toughness is the lazy man’s approach. 
The figures are cheaply available as a 
by-product of getting the really essential 
strength values. To work out specific 
tests for evaluation of toughness under 
the loading conditions of service, with 
restraint of plastic flow and the preva- 
lence of triaxial loading, is a trying job. 
Only when it is done can we test in the 
laboratory and rely fully on the indica- 
tion of the tests. We are finding now 
that given ductility values may go hand 
in hand with true toughness under some 
conditions, and shocking brittleness 
under others. The signpost may be a 
Halloween sign; it does not always point 
in the right direction. When it does, it 
does not tell what further turns the road 
takes before the destination is reached. 
The mere values for tensile ductility 
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directly signify the ductility in the ten- 
= test. Any other significance is in- 
direct, often extremely indirect. 

This has already been adequately 
summed up by Russell (21) who says 
“The numerical value of the elongation 


_ appear in engineering formulas. These 
quantities are considered to measure 
ductility, and no doubt theory will show 

the desirability of ductility in a struc- 
a ture, but how much is necessary and the 
most suitable balance between strength 

and ductility, theory has not told us. 
But often experience has. That is, we 

Jearn from experience that a certain 
elongation is desirable in material for a 
- certain particular use, or stated dif- 
-ferently, we learn that a certain material 
is suitable, and in selecting subsequent 
material we want identity in the signifi- 
cant property of elongation. But there 

is no certain reason to believe that 
elongation really measures the desired 

_ property. In material of another class 

_ some other degree of elongation may, and 

_ probably will, be better.” 

When experience is lacking, tensile 

_ ductility is no infallible guide. Just as 

_ we do not expect an Everglades guide 

_ to know the Maine woods, so we should 

- not expect too much from ductility 

_ figures outside of a known environment. 

In general we have been too reluctant 

to spend money, too lazy to spend time, 

or too ignorant to know how to develop 

direct tests for the actual properties we 
should be measuring. 

The Navy tests armor plate by shoot- 

ing shells at it, not merely by making a 

_ tension test. Whenever we must know 

the whole truth from a test procedure, 

we, too, had best use some more direct 

and searching test rather than to rely 

_ too implicitly upon the very limited sig- 

nificance of the ductility y figures of the 
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SPECIFICATIONS 


‘The group of eminent engineers and 
metallurgists whose private discussion 
has previously been referred to, came to 
another conclusion, not wholly consistent 
with the one previously cited. This 
second conclusion is “It is well to specify 
the highest elongation of a metal which, 
without excessive cost, can be obtained 
without excessive sacrifice of other de- 
sirable properties; however, it is no indi- 
cation that because one can get struc- 
tural steel of 30 per cent elongation, 30 
per cent should also be specified for brass 
and aluminum.” 

I do not believe it is sound specifica- 
tion writing to demand, without quali- 
fications, a definite figure just because 
we can get it, without knowing that the 
engineering requirements actually need 
that figure. 

We should be very careful about 
what we say in specifications. When- 
ever we flatly demand particular per- 
centages of elongation and contraction, 
as in the cast steel case mentioned above, 
both the supplier and the purchaser 
tend to take those figures as gospel 
truth. A barrier very difficult to pene- 
trate has been set up against experimen- 
tation with allied materials of a slightly 
different range of properties. The allied 
materials may be exactly as good for the 
engineering use in prospect, cheaper, 
and capable of greater uniformity in 
production, but the specification bars 
the incentive to try them out. 

I should like to see footnotes to speci- 
fications explaining why the stipulated 
figures were stipulated, citing chapter 
and verse to the investigations or records 
of accumulated experience to justify 
the values, or else honestly stating that 
it is not certainly known that the values 
adequately measure the attributes really 
needed, that the values were picked out 
of thin air because the suppliers said they 
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could meet them and the purchasers 
said they sounded all right. Then, if 
some one works out a different material, 
really superior in service, but not meet- 
ing a figure for one requirement that 
has been blindly set up for earlier 
materials, potential users will not refuse 
to try the new on the basis of reference 
to a specification which they erroneously 
assume was drawn on the basis of proved 
necessity. 

In the foreword to the A.R.E.A. speci- 
fications” for alloy steels for bridges we 
find the following: 


“Nickel and silicon steels are excellent bridge 
steels, but it must be remembered that in every 
high-strength steel, whether high-carbon or 
alloy, some desirable property must be en- 
croached upon to secure the added strength. 
While such steels have aniple plastic action be- 
tween yield point and ultimate strength, it is 
not as great as for carbon steel. While they 
have excellent ductility and bending properties, 
those properties are not quite so good as in 
carbon steel. Therefore, ,when such steels are 
used some effort should be made to compensate 
in the design and details for these differences. 
For that reason, the allowable unit stresses 
in these specifications are a somewhat smaller 
fraction of the specified yield point than those 
for carbon steel and slightly greater edge dis- 
tances are desirable. 

In considering other alloy steels as they are 
made available, tests should be made to develop 
the effect of rivet holes and riveting, before 
determining the allowable unit stresses. No 
steel should be considered satisfactory for 
bridge construction if its yield point exceeds 
70 per cent of the ultimate strength.” 


Now from manufacturers’ data cited 
by Cone (22), and test data cited by 
Collins and Dolan (23) it may be seen 
that Corten, Hi-steel, Yoloy, R.D.S., 
and H.T.-50 have yield ratios of from 
70.5 to 80. I imagine that five metal- 
lurgists representing the producers of 
these five tough low-alloy steels could 
produce convincing evidence that these 

12 Specifications for Steel Railway Bridges: III. 


Alloy Steels, Proceedings, Am. Railway Eng. Assn., 
Vol. 36, p. 681 (1935). 


steels are not unsuitable for bridge 
construction, and hence that the last 
sentence quoted totally fails to express 
the real intent in the minds of the en- 
gineers who drafted it. 

Moisseiff (24) says that cold-drawn 
bridge wire, a material of low ductility, 
“fs the most dependable element in 
bridge construction.” He cites bright 
cold-drawn wire as behaving all right, 
save in resistance to corrosion, then 
goes on to say that, besides providing 
corrosion protection, hot galvanizing 
has an annealing action which raises 
the elongation from 2 per cent for the 
bright, to 5 per cent for the galvanized 
wire, and remarks, “this increase in 
elongation is of great importance in a 
material so ‘short’ in behavior.” 

One must accord great respect to 
Moisseiff’s opinion, but one does wish 
he would elaborate as to just why this 
“most dependable” material needs to be 
given greater ductility. 

ALLEGED CORRELATIONS WITH 
DUCTILITY 


What are some of the factors, un- 
named in the usual specification, that 
are sought through the ductility figures? 
And how do they correlate with duc- 
tility? 

An attempt is sometimes made to 
correlate the tensile properties, espe- 
cially contraction, with machinability. 
Thus the accepted belief that an addi- 
tion of molybdenum to an alloy steel 
to be heat treated often allows such 
steel to be machined at a very high 
hardness level, has been ascribed to a 
slightly greater contraction shown by the 
molybdenum steel at that hardness. 
However, belief that this relationship 
is a necessarily causal one is very much 
weakened by the finding that the in- 
troduction of a little lead into an alloy 
steel of high hardness greatly facilitates 
machining but leaves all the tensile 
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properties, as ordinarily determined, 
including elongation and contraction, 
unaffected. 

Fine-haired differentiation on the 
basis of static ductility is often used as 
an argument in favor of one or another 
alloy steel for heat treatment by quench- 
ing and tempering. If such comparison 
is made on the basis of treatments that 
give equal tensile strengths and, further, 
on cross-sections that harden clear 
through, so that the test values do not 
relate merely to the surface, it is note- 
worthy that there exist only such minor 
differences in yield strength and duc- 
tility (as has been brought out by Clapp 
(25) and French (26)) that an engineer- 
ing choice among them, on the basis of 
tensile properties alone, is difficult. 
A large number of steels might be re- 
_ garded asinterchangeable. Strauss (27), 


Grossmann (28), and Boegehold (29) all 
- point out, however, that for a given 
level of tensile strength, yield strength, 


and elongation, there are measurable 
differences in contraction. But, as 
Boegehold, Graves (30) and Peterson 
(31) all bring out, the commercial choice 
is made on the scores of cost, uniformity, 
machinability, warping propensities, 
etc., rather than on any lack of inter- 
changeability from the engineering point 
of view that can be related to variations 
in tensile ductility. 

Knowlton (32), discussing axle shafts, 
concludes that behavior under stress 
concentration is of more importance 
than mechanical properties, including 
ductility, while Almen and Boegehold 
(33), discussing rear axle gears, put 
resistance to overload in fatigue as of 
more importance than tensile properties 
or impact toughness. Riegel and 
Vaughn (34) reported a correlation of 
tractor gears of unsatisfactory perform- 
ance with abnormally low Charpy 
impact values, though presumably the 
service conditions and type of failure 


differed from those just mentioned. 
Notch sensitivity under repeated stress 
is appraised as of major importance 
in aircraft materials both by Moore 
(35) and by Johnson (36). 

At first sight it would appear probable 
that tensile ductility, notched-bar im- 
pact resistance, and freedom from notch 
sensitivity in fatigue, all should be 
very definitely related. It is assumed 
that ability to deform in tension, notch 
toughness and “crackless plasticity” 
are pretty much synonymous. The 
assumption is not justified. 

It will be recalled that equality, as 
shown by the standard test, in tensile 
strength and ductility and hence in 
area under the diagram does not insure 
equality in toughness under other con- 
ditions of test, in respect to “temper 
brittleness,” and in respect to the shift 
of notched impact resistance with tem- 
perature. At this shift from tough to 
brittle fracture in impact, the static 
strength and ductility do not show a 
corresponding discontinuity. McAdam 
and Clyne (37) state that ‘‘as a measure 
of ductility and toughness (with the 
exception of cold brittleness) much im- 
portance should be assigned to the re- 
duction of area.” “In the absence of 
cold brittleness this property is a good 
index of the impact value obtainable.” 
However they also go on to say that 
“much effort has been wasted in aiming 
at specific impact values” and emphasize 
the greater importance of determining 
whether the impact-temperature curve 
shows a break, rather than worrying 
about the absolute magnitude of the 
numerical impact value. 

Riegel and Vaughn (34) supply con- 
firmation of both points of view, that 
contraction is ordinarily a measure of 
impact resistance, but not necessarily 
so. They cite two heat-treated 3} per 
cent nickel steels of practically identical 
compositions, similar tensile strengths, 
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around 280,000 psi., and exactly equal 
yield strengths, 214,000 psi., and each 
with an elongation of 11.5 per cent, but 
otherwise varying as follows: 

Notched 
Impact, Tension 
ft-lb. Impact, ft-lb. 


18 62 
5.5 9 


Contraction, 
per cent 


Charpy 


But they also cited another pair of 
steels, each with 295,000 psi. tensile 
strength, equal yield strengths and 12 
per cent elongation, which gave 


Contraction, 
per cent 


Steel D 


Charpy Impact, 
ft-lb. 


12 to 16 


2to 4 Pons 


t: 
and say: ‘“This indicates the futility of 
attempting to predict notch-toughness 
from the area under the strain curve.” 

Even when single-blow notched-bar 
impact figures are in the direction ex- 
pected from the relative ductility, the 
notched endurance results may go in the 
other direction, as Bacon (38) shows by 
the following comparison: 
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manganese chromium steel of twice the 
tensile strength of structural steel, one 
steel of about the same carbon content 
as the structural steel but containing 
nickel and copper, and two of the low- 
carbon, high-phosphorus, members of 
the high yield strength, low-alloy steel 
group. Data are provided on hardness 
and (using standard specimens) on 
yield strength, tensile strength, elonga- 
tion in 8 and 2 in., contraction, and 
area under the stress-strain curve. 
Static tension tests on notched bars; 
tension-impact on smooth and notched 
bars; Charpy impact tests; axial en- 
durance tests from zero to maximum 
tension on smooth bars; rotary endur- 
ance tests on smooth bars, on square- 
notched bars and on smooth bars with a 
drilled hole, as well as corrosion-fatigue 
tests in water on smooth bars, are all 
included. 

All the materials would be classed 
as ductile, with elongation in 2 in. 
ranging from 23 to 42 per cent and 
contraction from 55 to 72 per cent. 


| 
Tensile Yield 
Strength, | Strength, 
psi. psi. 


Endurance 
Limit, 
Square 

Shoulders, 

psi. 


Endurance 


124 000 


4.60% xi} 124 000 
quenched and tempered 


65 000 
108 000 


28 000 
24 000 


The higher ductility of the second 
steel did not help its notched endurance. 
But note the difference in yield 
strengths; we shall refer to them later. 

These comparisons are on rather hard 
steels; the point might be raised that 
the area under the diagram ought to 
correlate better with other criteria of 
toughness in other classes of steels. 

Collins and Dolan (23) present a 
wealth of data on a few hot-rolled soft 
steels, including ordinary structural 
(0.21 per cent carbon) steel, a low- 


Tension-impact strength on smooth bars 
correlated reasonably well with the 
area under the static stress-strain curve, 
but no type of notched-bar test showed 
more than the roughest type of correla- 
tion either with the area under the 
curve or the ductility figures by them- 
selves. One would have to be very 
bold to predict the notch toughness or 
notch sensitivity of these steels from the 
ductility values of the standard tension 
test. 

It is sometimes assumed that good or 
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poor behavior in single blow notched-bar 
impact tests means correspondingly good 
or poor behavior under repeated stress 
in the presence of stress concentration. 
Inglis (39), however, has given data that 
effectively disprove the assumption. 
He studied a temper brittle nickel- 
chromium steel that had become em- 
brittled through several years use at 
Its room temperature single 
blow notched-bar impact value had 
dropped from the original 38 ft-lb. to 
4 ft-lb. Yet endurance tests on 
threaded specimens gave exactly the 
same endurance limit, 23,500 psi., for 
the original and the embrittled states. 
The “crackless plasticity” called upon 
in notched endurance had not deteri- 
orated, though the notched impact 
value had seriously deteriorated. 

In ordnance, steels with high ductility 
in the static tension test may be temper- 
brittle, as shown by tension impact 
tests and corroborated by failure of guns 
in firing tests. 

The type of ductility necessary for 
stress adjustment under repeated stress 
is so important a matter that we should 
examine in some detail the idea which 
everyone is likely to have on first ap- 
proaching the subject, that is, that high 
tensile ductility, especially high con- 
traction, which should measure ability 
for local plastic distortion, is required 
to insure ability to distribute the local 
overload. It is true that steels of low 
ductility do show large degrees of stress 
intensification, but it seems at least as 
accurate to omit reference to ductility 
and just say that notch sensitivity in 
fatigue increases with hardness or 
strength. Karpov (40) indeed plots 
the percentage of endurance strength, 
as determined on mirror polished bars, 
that is lost due to a sharp circular notch, 
as a straight line running from 15 
per cent on a soft steel of 40,000 psi. 


tensile strength to 65 per cent on a hard 
steel of 220,000 psi. tensile strength. 

Indeed, just as no good correlation 
has ever been found between endurance 
of smooth bars and tensile ductility, 
there is equal failure of the more-to- 
be-expected correlation between notched 
endurance and ductility. One needs 
only to recall the low notch sensitivity 
of cast iron. 

An extruded, 8 per cent aluminum, 
0.5 per cent manganese, balance mag- 
nesium, alloy of say 47,000 psi. tensile 
strength, 35,000 psi. yield strength, 
12 per cent elongation, according to 
Wood (41) will have an endurance 
strength on a smooth specimen for 500 
million cycles of about 16,000 psi. 
Sachs (42) reports 23,000 psi. at 10 
million cycles. With a collar about the 
specimen, which is equivalent to a square 
notch, the 10 million cycle figure drops 
to 7000 psi. That. is, magnesium alloys 
are markedly notch sensitive in spite of 
appreciable ductility. 

Templin (43) points out a general 
trend in aluminum alloys for more del- 
eterious effects of notches in fatigue as 
the static tensile elongation decreases, 
but points out emphatically that “the 
numerical values of the elongation per se 
cannot be used as a satisfactory basis 
for predicting the effect of notches on 
the fatigue strength of the various 
alloys in all their different conditions.” 

Lundgren (44) has plotted the endur- 
ance ratio (endurance limit for polished 
bars divided by tensile strength) against 
percentage contraction for a large num- 
ber of steels, to uphold his contention that 
a high endurance ratio and high contrac- 
tion go hand in hand. He is forced to 
break the steels down into several 
classes to accomplish any sort of cor- 
relation, and even then the plotted 
points remind one of a poor pattern 
from a 12-gage gun. Moreover, while 
the ratio of endurance limit of polished 
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bars to tensile strength is an interesting 
academic figure, the absolute level of 
the endurance limit in pounds per square 
inch speaks more loudly in engineering 
applications. Similarly the notch sen- 
sitivity ratio (endurance limit on pol- 
ished bars divided by endurance limit 
on, say, square-notched bars) or the 
percentage drop of the notched from the 
polished figure, often serves to make us 
uneasy about a steel that shows a large 
percentage drop, although what it is a 
percentage of may be large enough so 
that the final product, the notched load- 
carrying ability in pounds per square inch 
is better than that of a less notch-sensi- 
tive comparison steel. 

Even if it were true that high contrac- 
tion insures a high polished bar en- 
durance ratio, there is no proof that a 
high polished bar endurance ratio con- 
notes resistance to notch formation or 
propagation, or a high absolute level of 
notched-bar endurance limit. 

Whether we discuss a limited group of 
like steels, or whether we compare alloys 
of wholly different chemical composition, 
that is, those of different metals as 
bases, the same situation is met—pos- 
sible qualitative indications toward a 
not-too-bad notch sensitivity in highly 
ductile alloys, but an entire lack of 
quantitative correlation. 


Damage: 


With the expectation denied that 
tensile ductility defeats a notch, one 
might then think that perhaps if a 
crack is self-formed during repeated 
stressing, instead of some external stress- 
raiser being imposed, tensile ductility 
may measure either or both the resist- 
ance to formation of a crack and its 
propagation when’ once formed. 
Though data on “damage line” en- 
durance testing are scanty, the work of 
French (45), of Russell and Welcker 
(46), of Russell (47), and of Kommers 
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(48), is sufficient to show an equal lack 
of correlation. Russell’s article reports 
results on cast steel, malleable iron, and 
Ford crankshaft material, all containing 
enough copper to produce precipitation 
hardening effects. When the precipi- 
tation hardening heat treatment was 
applied it raised the yield and tensile 
strengths and measurably, though 
slightly, decreased the elongation and 
contraction of the steel and the malle- 
able iron, while the tensile strength and 
the (zero) ductility of the Ford alloy 
were unchanged. The notched endur- 
ance limits were not lowered by the 
precipitation treatment. Thus a de- 
preciation in tensile ductility did not 
depreciate the notched endurance. 

In the more ductile or non-precipita- 
tion-hardened condition, none of the 
three alloys was able to resist overstress 
on a polished bar. The ‘‘damage lines” 
lay at the levels of the respective en- 
durance limits. After the precipitation 
hardening treatment the damage lines, 
especially for the notched bars, were so 
much lifted that they became almost 
coincident with the S-N curve itself; 
the precipitation-hardened materials 
were made notably resistant to damage 
by overstress. This improvement would 
not have been predicted on the basis of 
the tensile ductility; rather the reverse 
would have been expected.” 

Wishart and Lyon (50) determined 
the endurance limits and the damage 
lines, using smooth specimens, at a 
range of temperatures down to —70F. 
for three steels, a normalized S.A.E. 
1020, relatively weak but with 25 per 
cent elongation, and two stronger hot- 
rolled steels with 12 and 16 per cent 
elongation. All three steels, at room 


13 French (49), however, found small resistance to 
damage in a high-carbon, copper-silicon steel after a 
combined quench, temper, and precipitation treatment 
which hardened to 418 Brinell and gave it an endurance 
limit of 110,000 psi. on an unnotched bar. No damage 
data are available for comparison on such a steel without 
the copper. 
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temperature, showed some resistance to 
damage by overstress; that is, there was 
a gap between the damage line and the 
S-N curve for virgin material. This gap 
was of about the same general size and 
shape at any test temperature for the 
two less ductile steels. On the most 
ductile, S.A.E. 1020, however, the gap 
closed up with decreasing temperature 
and at —70F. came quite close to the 
virgin S-N curve, denoting increased 
ability to stand overload without dam- 
age. Wishart and Lyon tentatively 
ascribe this to the greater ductility of 
the S.A.E. 1020, and point out that 
tensile ductility decreases as the tem- 
perature drops. In the case of this 
ductile steel, the steel gets more able to 
resist repeated overload as it gets colder 
and less ductile. 

Russell compared the damage be- 
havior, both on smooth and on notched 
longitudinal and transverse specimens 
of two wrought irons, one of which had 
equal longitudinal and transverse duc- 
tility, the other showing some five times 
as high ductility figures in the longitu- 
dinal as in the transverse direction. 
The notched endurance limits, in the 
four tests, longitudinal and transverse 
on both irons, all ran between 18,000 
and 20,000 psi. On damage line tests, 
all were quite insensitive to overstress 
save the longitudinal tests of smooth 
specimens of the first-mentioned iron, 
the one that was equally ductile in both 
directions. 

On the other hand, ingot iron, with 
higher tensile ductility than either of the 
wrought irons, even on longitudinal 
specimens of the latter, also gave 19,000 
psi. notched endurance limit but, both 
on polished and notched specimens, was 
badly damaged by overstress. 

Kommers (48) made a very extensive 
study of the effect of overstress on three 
steels and a cast iron. Two of the 
steels had the following properties: 
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Overstress tests on polished specimens 
showed steel X to be decidedly less 
damaged than steel Y, and while on a 
percentage basis the damage to over- 
stressed notched bars was greater for 
steel X, if the data are judged on the 
basis of the endurance limits of notched 
bars after a given overstress schedule, 
steel X is equal or superior to steel Y. 
Certainly the higher tensile ductility 
figures for steel Y do not connote 
superior resistance to the damaging 
effect of a notch, or of overstressing. 
It seems necessary to conclude that 
brittleness under conditions of stress 
concentration, either under impact or 
under repeated stress, is not necessarily 
avoided by the presence of even very 
generous amounts of tensile ductility. 


Crackless Plasticity: 


From the point of view of actual 
failures of engineering parts, it appears 
that fatigue is the mode of failure most 
to be feared and that this may be what 
is in the back of the specification maker’s 
mind in setting ductility figures. 

Even where engineering design is 
made on the assumption that a part is 
to operate under purely tensile stress, 
axially applied, such cases are hard to 
find in actual service. Hoisting cables, 
cables for bridges and the like, work 
under primarily tensile but also under 
vibratory stress from other directions. 
A fiddle string is under tension at rest 
and under vibratory load in operation. 
A connecting rod or a sucker rod is under 
repeated tensile stress, ostensibly axial, 
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but actually not likely to be truly axial. 
Stiff eyebar tensile members presum- 
ably have more nearly pure tensile 
loading, and bolts operate under loads 
that are chiefly tensile, but who would 
like to guarantee that even these are 
not eccentrically loaded? In all these 
cases conditions at surface and edges 
are likely to produce stress concentra- 
tion and cause material departure from 
axial loading. The parts are vulnerable 
to the causes for fatigue failure, that is, 
progressive failure from a local nucleus. 

The primary requirement of good 
engineering behavior really seems to 
boil down to what Moore has termed 
“crackless plasticity.” This refers to 
plastic deformation on a scale so minute 
that the part does not measurably 
change in external dimensions, but 
nevertheless sufficient to bring about a 
redistribution of stress and to produce, 
as in strengthening by understressing, 
many of the results that are produced by 
the bodily cold working of large plastic 
deformation. 

Offhand, the tension test seems to be 
silent on crackless plasticity. I wonder 
whether this is necessarily the case. 


Curved Stress-Sirain Diagrams: 


Is it not possible that the tension test 
is trying to tell us, or at least to hint to 
us, more than we hear when we listen 
only to the elongation and contraction 
figures, or even to the figure for the area 
under the stress-strain curve? The 
curve, if we determine it precisely 
enough, gives us the modulus, the yield 
strengths for several amounts of per- 
manent set (the shape of the curve below 
the yield strength as we usually define 
it), the slope of the curve while necking 
is going on, and the dip in the curve as 
contraction occurs. May not the early 
stages of the tension test give us informa- 
tion about crackless plasticity? 

The process of equalizing and distrib- 


571 


uting stress through localized plastic def- 
ormation, seems to be, on a tiny scale, 
the same sort of process that we recog- 
nize in the bending of a bar. If the 
extreme fiber of the bar is stretched 
beyond its yield strength, stress is re- 
distributed. If the stress-strain dia- 
gram is markedly curved from the origin, 
as it is with cast iron on the first appli- 
cation of load, so that Hooke’s law is 
only roughly approximated, the neutral 
axis shifts significantly as the load in- 
creases; that is, stress is redistributed. 
It would seem that, since service over- 
stress of an intensity that cannot be 
borne without crumpling up the part is 
immediately corrected by redesign, once 
the first design has been put into service 
and found to fail, we are actually pri- 
marily concerned with overstresses of 
small magnitude, that is, those between 
the endurance limit and the yield 
strength, whose damaging effect is only 
shown after many repetitions of stress. 
The greater the curvature of the stress- 
strain curve below the yield strength, 
the less intense need be the overstress 
to start redistribution of stress. 

The seating of the bridge wire loops is 
a case in point. For this view we also 
have the fact that cast iron, with a 
markedly curved diagram from a very 
low load, has great insensitivity to ex- 
ternal notches. Also that we can “duc- 
tilize” an aged deep-drawing steel that 
has succumbed to “warehouse embrittle- 
ment” by a skin pass or roller leveling 
which puts a marked curvature into the 
diagram below the yield. 

On the contrary, we have the view 
that cast iron is already notched so much 
internally by graphite flakes that another 
external notch does not matter. Or, one 
may say that the behavior of cast iron 
is due to its high damping power and 


consequent absorption of energy, a 


phenomenon not too foreign to distribu- 
tion of stress, as it amounts to a sub- 
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notoriously notch sensitive. 


hot-shortness, 
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But magnesium also 
_ has phenomenal damping power and is 
Magne- 
sium alloys have a curved stress-strain 
diagram at low stresses so any expecta- 
tion of good behavior being inevitably 


connected with this type of stress- 


strain curve is not borne out. Still 
other factors must come in. 

Yet is not the usefulness of the alumi- 
num-silicon alloys for welding of other 
aluminum alloys, their freedom from 
ascribable to the fact 

_ that the aluminum-silicon alloys start 
to flow a trifle at very low loads, as well 
as have fairly high tensile ductility, so 
that the cooling joint may give easily, 
as well as just give? Is it not possible 
that the reason why a spring steel, notch 
sensitive though it is, nevertheless 
stands extremely high loads, as service 
loads go, is because it can give a bit at 
not very far above the normal design 
load? Hankins and Ford (51) mention 
a silicon-manganese spring steel of 
250,000 psi. tensile strength, 242,000 
psi. yield strength, 186,000 psi. “pro- 
portional limit,” 5 per cent elongation 
in 8 in., 27 per cent contraction, and 
11 ft-lb. Izod impact. Which is the 
reason that the spring, though on the 
brittle side, is not glass-brittle, the 
ductility or the shape of the stress- 
strain curve, or both? 

That quenched, untempered steel 
shows a curved diagram but has danger- 
ous brittleness in service, seems to 
indicate that the internal stresses bring 
in an overbalancing factor, so that it is 
hardly fair to ascribe the behavior 
purely to lack of ductility or to condemn 
a curved diagram in any alloy from this 
one example. 

That the shape of the stress-strain 
diagram below the yield strength is 
intimately related to behavior under 
repeated stress is indicated by the work 
of Memmler and Laute, cited by Kom- 


mers (48). Repeated understressing or 
repeated slight overstressing (in respect 
to the endurance limit) of a low-carbon 
steel is shown to alter the stress-strain 
diagram by eliminating the yield- 
strength jog and producing a curvature 
quite like that produced by a skin pass 
or by roller leveling. In the process of 
strengthening by understressing, this 
change in stress-strain relations is 
brought about without altering static 
elongation or contraction. 

That is, the static relations responsive 
to what goes on under endurable re- 
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Fic. 1.—Relation Between Tensional Elastic 
Properties and Fatigue Limits (Reversed 
Bending) of Nickel-Silicon Steel, 10 C. Oil- 
Hardened from 1550 F. and Tempered as 
Indicated. 


peated stresses are those between stress 
and very minute strain below the yield 
strength. If overstressing is very se- 
vere, that is, far above the damage line, 
then a decrease in elongation can be 
noted when the overstressed piece is 
subjected to the tension test. Con- 
versely, it appears that the static proper- 
ties of interest in picking material for 
service under repeated stress include 
the very early stage of plastic flow rather 
than the advanced stage corresponding 
to the ductility figure measured in the 
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Hauttmann (58) argues in favor of a 
low “elastic limit” and cites as a virtue 
in the Gutehoffnungshiitte, low-alloy 
steel, its low “elastic limit” after nor- 
malizing from a sufficiently high tem- 
perature, which allows it to deform 
easily in welded assemblies. He points 
out that with a yield strength (0.005 
per cent set) of only 25,000 psi., the 
endurance limit is 46,000 psi. 

The suggestion that in those features 
of the tension test which have to do with 
the first occurrence of plasticity there 
may lie hidden information really per- 
tinent to engineering worth, is by no 
means new. French (49) shows the 
accompanying Fig. 1 in a discussion of 
the reasons for an endurance ratio of 49 
per cent for a particular steel in a hard 
condition, and one of 61 per cent on a 
softer condition. Féppl (53) also fo- 
cuses attention on the ratio between 
elastic deformation and plastic deforma- 
tion, much as French’s illustration does, 
in order to differentiate among static 
and dynamic toughness and brittleness. 


The Elastic Modulus: 


If we need to compare elastic and 
plastic deformation, we cannot lose 
sight of the elastic modulus. 

Perhaps a reason why cast iron, zinc- 
base die castings, plastics and the like 
are not glass-brittle in spite of low 
tensile ductility may be their low moduli. 
Stress distribution by the production of 
a greater bearing area, say on a gear 
tooth, could be obtained by sufficient 
elastic deformation at each load ap- 
plication as well as by plastic deforma- 
tion at the first application. 

That the modulus enters into the gen- 
eral question of stress distribution is 
nicely shown by von Heydekampf’s 
(54) citation of a case where a steel key 
between keyways in a shaft and hub 
could not deform sufficiently and pro- 
duced high local stress and a rubbing 
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action in the keyway of the shaft. 
When the key was made of copper, the 
low modulus allowed better stress dis- 
tribution and failures were avoided. 
Submicroscopic particles of copper 
were, of course, scattered throughout 
the metal as a result of the precipitation- 
hardening treatment in Russell’s (46, 47) 
tests on copper steel, copper malleable 
iron and the Ford crankshaft alloy. 
The presence of these low modulus par- 
ticles may provide internal cushions for 
redistribution of stress, since the re- 
sistance to damage by repeated over- 
stress was very marked in these pre- 
cipitation-treated alloys. 


Work Hardening: 


Another factor that cannot be neg- 
lected is the propensity toward work 
hardening, indicated by the slope of the 
stress-strain curve during the period of 
elongation. Russell showed that an 
annealed 18 per cent chromium, 8 per 
cent nickel stainless steel was scarcely 
damaged in fatigue by long-continued 
repetition of relatively large overstresses 
and that the notched-endurance limit 
was above that of an unnotched bar, 
doubtless because of work hardening 
during machining of the notch. Mc- 
Adam and Mebs (55) show how the 
stress-strain diagrams for 18-8 alloy 
at different degrees of work hardening, 
persist in showing curvature, and how 
even severely work-hardened metal is 
still able to yield a trifle, even at low 
loads. The proof stress for a stretch 
of 0.001 per cent, for annealed material 
of around 90,000 psi. tensile strength, 
ranges from around 10,000 psi. to 24,000 
psi. in material of compositions varying 
around that usual for 18-8, while in the 
hard, cold-worked condition, at a tensile 
strength of around 250,000 psi., the 
0.001 per cent proof stress is still 13,000 
to 24,000 psi. The ability for very 
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tiny plastic adjustment at relatively 


low loads is retained. 

Too much cold work can damage a 
metal by “exhausting its ductility,” 
and producing cracks, as is shown by 
“cuppy” wire with internal cracks due 
to overdrawing, and as has been dis- 


cussed by Epstein (60) in relation to the 


_ layer severely deformed by punching. 
The way a metal responds to cold work 
is not told by ductility figures, but that 
does not mean that the tension test as a 
whole cannot give some of that informa- 
tion. 

In studying the potentialities of the 
tension test, the damage line, the area 
within which no damage takes place 
under repeated stress even though the 
stress is above the endurance limit, and 
the area between the damage line and 
the S-N curve ought to be surveyed 
from the point of view of the plastic 
component of strain, at these stresses, 
which are low in comparison with the 
stress to failure. 

Damping: 

Hoyt (56) i using damping 
capacity figures determined at the stress 
of the endurance limit, divided by that 
stress, to give figures “having the dimen- 
sion of strain.” He recommends meas- 
urement, by some means, of plastic 
strain as a possibly helpful factor in 
studying the situation that exists at the 
stress level that counts in actual en- 
gineering use. 

If damping data are examined as a 
criterion of ability for a trifling plastic 
flow at low stress, the conclusions are 
none too definite, perhaps because the 
usual methods of determining damping 
produce, not a uniform stress, but a 
stress gradient through the specimen, 
so that the test value is a resultant of 
all the stress levels. Torsional damping 
on thin-walled tubes might be much 
more enlightening. 


Féppl (57) may have indicated the 
proper way to evaluate the qualities 
that differentiate toughness and brittle- 
ness. He makes calculations for soft 
steel, cast iron, and glass which seem 
to put them into the correct categories, 
though I have been unable to follow 
all his reasoning, especially that in re- 
gard to the utilization of damping values 
in the calculation, and therefore refrain 
from citing the figures. There are, 
however, enough instances, some of 
which I have cited above, to indicate 
that French, Féppl, and Hoyt are on a 
hot scent. Fdéppl’s contention that the 
best steel would be one with no truly 
elastic range at all may be a sound one, 
even though the idea can, as yet, only 
be qualitatively expressed. 


PossiBLy IMPORTANT FACTORS 


Bacon’s (38) comparison of the be- 
havior in notched endurance, cited 
earlier, is an indication that the absolute 
level of the yield strength needs to be 
brought into consideration. 

Incidentally, if we come to the point 
where we must have a reliable evalua- 
tion of the ability to yield a trifle at a 
low stress for use as an aid in appraising 
crackless plasticity, we will probably 
use some more convenient method than 
the standard tension test: for example, 
temperature control will have to be used, 
as it is in a creep test, to eliminate 
inaccuracies from thermal expansion, 
and some standard number of cycles of 
repeated loading might be used to ac- 
cumulate enough deformation for reli- 
able measurement. Spith (59) has sug- 
gested apparatus for such a determina- 
tion. 

If the accumulated elastic deformation 
up to the primitive yield strength (that 
is, the stress producing some clearly 
defined, but very tiny amount of set) 
and the ratio of that deformation to the 
first increment of plastic deformation, 
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reflect the degree of development of 
radial tensile stress rather than purely 
axial stress, at this crucial stage of de- 
formation, it may be that Moore’s 
“crackless plasticity” is a function of 
the modulus, the level of the primitive 
yield strength and the shape of the 
stress-strain curve over a very small 
plastic extension. Perhaps, in most 
engineering uses, what happens after 
that in regard to elongation and con- 
traction is a matter of complete indif- 
ference. (Of course, if we happen to be 
using the plasticity of further deforma- 
tion for formability in fabrication, or as 
insurance in case of accident, it is not a 
matter of indifference.) 

Some of the puzzling lack of relation- 
ship between damping and endurance 
properties, and some of the peculiarities 
of notch sensitivity in relation to 
ductility, might be accounted for by 
failure to include the modulus and the 
level of the beginning of minute plastic 
The metal 


flow in the comparisons. 
may be trying to whisper, at the outset 


of plasticity, that is, ‘through duc- 
tility features, just what we want to 
know, but we drown out that message 
by beating the bass drum of ductility 
figures. But since that assumption has 
still to be proved, we must admit that 
the ductility features of ithe tension test, 
as they have so far been‘used, have only 
limited significance. 

I should be sorry if the suggestion that 
a precise determination of yield strength 
for very tiny set, modulus, and plastic 
strain in some early increment of plas- 
ticity, may be factors for making a quali- 
tative appraisal of crackless plasticity, 
should set someone to concocting a 
specific quantitative formula, purport- 
ing to give a “merit figure of crackless 
plasticity.” Factors peculiar to a given 
alloy can enter to disturb any such 
generalization. For example, even a 
slight plastic strain may “set off” a 
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metallurgical reaction, such as aging, as 
French (49) pointed out, in which case 
the “stress-strain” diagram will picture 
the operation of something beside mere 
stress and strain. No matter how 
much we would like to untangle these 
Chinese puzzles along some prescribed 
formula, we should always keep in 
mind that computed figures may obscure 
rather than clarify the features of 
behavior that really count. 

So many factors, favorable and un- 
favorable, may reinforce or oppose the 
ability for plastic deformation which 
we so roughly measure through the 
ductility figures of the tension test, that 
the significance of tensile ductility, by 
itself, should always be regarded as in 
doubt. It may be accompanied by the 
toughness we really want, or it may not. 

In the absence of other information, 
tensile ductility figures serve as a rough, 
qualitative indication toward certain 
expectations, purely because of a back- 
ground of past experience as to what 
other features have accompanied such 
figures. We shall all continue to use 
them in that fashion. But, as we con- 
tinue to use them, can we not take steps 
to supplement or replace them with 
determinations that more directly and 
more truly measure the properties we 
really want? 

As a first step, when we demand duc- 
tility because of the tacit assumption 
that it connotes something else, let us 
be honest and openly admit that we are 
making an assumption. Let us not put 
some figures from the tension test as we 
have been accustomed to make it, on a 
pedestal and worship them, but rather 
decide to study the tension test for 
significances that may lie hidden therein 
ready to show up if we will but look a 
little closer. Anybody can find a sun 
flower, but you have to hunt for the 
trailing arbutus. 
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Messrs. D. J. McApam, Jr.,! and 
R. W. Mess! (presented in written form). 
—A tension test as usually made gives 
a stress-strain curve that does not rep- 
resent the influence of stress on elastic 
strain. The indicated strain at any 
point in this curve is a combination of 
elastic with plastic strain. By a special 
procedure in the tension test, however, 
a distinction can be made between the 
elastic and plastic components of the 
strain at any stress. A single tension 
test thus gives correlated stress-strain 
and stress-set curves. From these may 
be derived several indices, which to- 
gether give a fairly complete picture of 
the elastic properties and yield strength. 
In such a test, the load is not increased 
continuously, as in an ordinary tension 
test. The test consists of a series of 
cycles of application and removal of 
load, with successive increases of the 
maximum load of the cycle. For each 
cycle the stress and strain are deter- 
mined at maximum load, and the strain 
(permanent set) is determined after 
removal of the load. A stress-strain 
curve may then be obtained by plotting 
the stresses at the tops of the cycles 
against the corresponding strains, and a 
stress-set curve may be obtained by 
plotting the stresses at the tops of the 
cycles against the corresponding values 
of permanent set. By deducting values 
of permanent set from the corresponding 
values of total strain, a curve may be 
obtained to represent the influence of 
Stress on elastic strain. a 
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This correlation between stress-strain 


and stress-set curves is illustrated in 
the accompanying Fig. 1, which con- 
tains typical curves taken from a recent 
paper by the writers.2 The curves in 
the lower row of this figure are typical 
stress-set curves obtained with cold- 
drawn 18 per cent chromium, 8 per cent 
nickel steel. Directly above each of 
these curves is the corresponding un- 
corrected stress-strain curve, represented 
by a broken line. From each of these 
pairs of correlated stress-strain and 
stress-set curves has been derived a 
(continuous-line) curve to represent the 
influence of stress on elastic strain. 
The curves of each type in Fig. 1 
consist of four pairs. The first curve of 
each pair was obtained after a short 
interval of tensile extension followed by 
release of load and by a relatively long 
rest interval. The second curve was 
obtained without intervening plastic 
extension, except the slight extension 
necessary for determining the first curve. 
The rest interval before determination 
of the second curve of a pair was much 
less than that before determination of 
the first curve. Comparison of the 
curves of a pair, therefore, gives informa- 
tion about the influence of duration of 
the rest interval, and of variation in the 
interval of prior plastic extension. 
The ordinary stress-strain curve is not 
a sensitive representation of the relation- 
ship. The variation of strain with stress 
may be conveniently studied by means 


2D. J. McAdam, Jr., and R. W. Mebs, “Tensile Elastic 
Properties of 18:8 ¢ romium- -Nickel Steel as Affected by 
Plastic Deformation,” Bape Re. 670, Nat. Advisory Com- 
‘mittee for Aeronautics (1939). 
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of stress-deviation curves, such as those 
in the upper row of Fig. 1. Abscissas 


of these curves represent deviations 


(strain differences) from an assumed 
initial modulus line. The nearer this 
assumed line is to tangency with the 
ordinary stress-strain curve at its origin, 
the more sensitive can the abscissa scale 
be made. The assumed values (E,) of 
the modulus on which the initial modulus 
lines are based, are indicated in Fig. 1. 


plastic and elastic components of the 
strain, at any point in an uncorrected 
stress-strain curve, is greatly influenced 
by a number of factors involved in the 
previous history of the metal. An 
incomplete view of the elastic properties 
of a metal, therefore, is obtained by con- 
sidering either the stress-strain or the 
stress-set relationship alone. Consid- 
eration should be given to both rela- 
tionships. 
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The first stress-set curve of a pair of 
this type, as illustrated in the lower row 
of Fig. 1, tends to be less steep than the 
second. The first stress-(elastic) strain 
curve of each pair, however, is initially 
steeper and more curved than the second. 
As illustrated by these comparisons, 
increase in the initial slope of the elastic 
stress-strain (or stress-deviation) curve 
tends to be accompanied by increase in 
the curvature, and by increase in the 
permanent set. As stated in the pre- 
viously mentioned N.A.C.A. paper,’ 
this relationship is not confined to 18 
per cent chromium, 8 per cent nickel 
steel, but probably is a general relation- 
ship for metals. The ratio between the 


Strain , per cent 


002 


As indices of the variation of per- 
manent set with stress, the writers* have 
used “proof stresses” corresponding to 
five values of permanent set: namely, 
0.001, 0.003, 0.01, 0.03, and 0.1 per cent. 
These indices are obtained from stress- 
set curves such as those in the lower 
row of Fig. 1. The 0.001 and 0.003 
per cent proof stresses may be used as 
indices of elastic strength. The 0.01 
per cent proof stress has been used in 
previous papers by one of us, as an index 
of yield strength. As shown in Table 


D. J. McAdam, Jr., and R. W. Mebs, “The Tensile 
Elastic Properties of T Typical Stainless Steels and Non- 
Ferrous Metals as Affected by Plastic Deformation and by 
Heat Treatment,’’ Report No. 696, Nat. Advisory Com- 
mittee for Aeronautics (1940). 
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III of a paper by McAdam and Clyne’, 
the 0.01 per cent proof stress generally 
differs little from Johnson’s limit. The 
0.01 per cent proof stress evidently may 
be used as an index of yield strength. 
Other useful indices of yield strength 
are the 0.03 and 0.1 per cent proof 
stresses. 

The elastic stress-deviation curves in 
the upper row of Fig. 1 are curved from 
the origin. Evidence has been ac- 
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Fic. 2.—Stress-Modulus Curves. 


cumulating for some time that such 
curvature is characteristic of the elastic 
stress-strain relationship for metals. 
The curvature and initial slope of the 
stress-strain line vary greatly with the 
metal and with its previous treatment. 
The curvature of this line and the vari- 
ation of its slope with stress, may be 
conveniently represented by a method 
used by the writers in the previously 
mentioned paper.? This representation 
is illustrated in the accompanying Fig. 2. 
The graphs in this figure are derived 


D. J. McAdam, Jr., and R. W. Clyne, “Influence of 
Chemicatiy and Mechanically Formed Notches on Fatigue 
of Metals,” Journal of Research, Nat. Bureau Standards, 
Vol. 13, pp. 527-572 (1934). 
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from the elastic stress deviation curves 
in the upper row of Fig. 1. Ordinates in 
Fig. 2 represent stresses, and abscissas 
represent corresponding values of the 
secant modulus of elasticity. 

The stress-modulus lines in Fig. 2 
are based on the plotted points, which 
represent values derived from the cor- 
responding _stress-deviation curves. 
The stress-modulus relationship indi- 
cated by these lines is approximately 
linear. For annealed _ single-phase 
metals, the stress-modulus line gener- 
ally is curved. Prior plastic deforma- 
tion equivalent to more than about 5 
to 15 per cent tensile extension, how- 
ever, generally straightens the stress- 
modulus lines. Straight lines, there- 
fore, generally are obtained with com- 
mercially cold-worked metals. 

The value of Eo, the modulus at zero 
stress, is merely an extrapolated value, 
obtained by extending the stress-modu- 
lus line to zero ordinate. The linear 
variation of the modulus with stress may 
be represented by the equation E = 
— In this equation, E 
represents the modulus at the stress S, 
and Co is the linear stress coefficient 
of the modulus of elasticity.5 This stress 
coefficient is proportional to the co- 
tangent of the angle of slope of the 
stress-modulus line. When the stress- 
modulus line is straight, the correspond- 
ing stress-strain line is a quadratic 
parabola. When the stress-modulus line 
is curved, an additional term must be 
added to the equation. The equation 
then becomes 


E= — CoS — C’ 


In this equation, C’ represents the cur- 
vature of the stress-modulus line. 
When the stress-modulus line is 
straight, therefore, the course of the 
5In the N.A.C.A. report previously mentioned, this 
index is designated C1. Gs second report, footnote 3, it 


is designated Co. The index is expressed as fractional 
change of the modulus per pound per square inch. 
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elastic stress-strain line is defined by 
the two indices, Eo and Co. These 
indices, however, give no information 
about the maximum stress that may be 
applied without excessive plastic defor- 
mation. This information is supplied 
by the corresponding values of proof 
stresses. By use of the two indices of 
the course of the elastic stress-strain 
curve, and the five previously men- 
tioned indices of proof stress, a fairly 
complete picture may be obtained of the 
elastic strength of a metal. 

The use of these seven indices in 
investigating the influence of various 
factors on elastic strength is illustrated 
by the incomplete diagrams in the ac- 
companying Figs.3and4. Both of these 
diagrams are based on data obtained by 
tensile extension of a single specimen of 
cold-drawn 18 per cent chromium, 8 
per cent nickel steel. Figure 3 rep- 
resents the variation of the five proof 
stresses with prior plastic extension; 
Fig. 4 represents the corresponding vari- 
ations of Eo and Co. Four pairs of 
experimental points in each of these 
figures are derived from the curves in 
Figs. 1 and 2. The curves in Figs. 1 
and 2 and the corresponding points in 
Figs. 3 and 4 are correspondingly 
numbered. 

At these pairs of experimental points 
in Figs. 3 and 4 are abrupt oscillations 
of the curves due to the influence of the 
extension spacing and the duration of 
the rest interval. Such oscillations gen- 
erally are qualitatively similar in the 
curves of Fig. 4. They are also qualita- 
tively similar in the curves for the five 
proof stresses (Fig. 3). The oscillations 
in the proof stresses, however, are gen- 
erally opposite in direction to the cor- 
responding oscillations in the curves of 
variation of Ey and Co. This relation- 
ship is due to the previously mentioned 
tendency to opposite variations in the 
course of the stress-strain and stress- 
set curves, as illustrated in Fig. 1. 


The use of this special procedure of 
tension testing is not advocated as a 
substitute for the shorter procedure in 
general use. The special tension test, 
however, may well be used in obtain- 
ing a more complete picture of the elastic 
strength and yield strength of any 
metal. It is especially useful for in- 
vestigating the influence of composition 
and treatment on the elastic properties. 

Mr. W. R. Oscoon® (presented in 
written form.—The three papers give an 
excellent summary of the present status 
of the tension test and of what may and 
may not be expected from it. The ex- 
tensive bibliographies are especially to 
be commended. 

It occurs to me to point out an es- 
sential difference between the trueness 
of Mr. McGregor’s true stress and that 
of his true strain. His true stress may 
be so called because it represents a better 
approximation to the actual average 
stress on the cross-section than the 
stress as usually computed; but true 
strain seems to me to be a misnomer. 
P/A comes nearer representing an actual 
physical quantity than does P/Ao; but 
log (L/Lo) and (L—Lo)/Lo are merely 
definitions of two different quantities, 
and to say one is true and the other 
fictitious has no meaning. It may be 
preferable, and there seems to be much 
to be said for it, to use the quantity log 
(L/Lo) where we have been using 
(L—L»)/Lo, but that is no reflection on 
the latter quantity. 

Is not Mr. Seely’s condition 4 under 
which tensile-strength values are sig- 
nificant the same as or a special case of 
condition 3? Mr. Seely states that in 
his discussion failure by elastic buck- 
ling is not considered. Possibly he 
meant to say inelastic buckling, for by 
far the most important property of a 
material in considering elastic buckling 
is the modulus of elasticity; and for 


6 Materials Engineer, National Bureau of Standards, 
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most practical purposes this quantity, 
being the same or nearly the same in 
tension and compression, may be ob- 
tained as well from a tension test as 
from a compression test. When in- 
elastic buckling may occur, however, the 
tension test is likely to have little or 
almost no significance except when the 
tensile and compressive yield strengths 
are definitely related to each other. The 
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_ Fic. 5.—Relation Between True Stress and go 
(Ludwik). 


fact that most structural failures either 
are failures of compression members or 
are initiated by failures of a compression 
member would seem to indicate the 
importance of the compression test. 
Mr. Gillett has covered the question 
of ductility most comprehensively. I 
should like to emphasize the importance 
of determining the elongation exclusive 
of that in the necked-down portion of 
the specimen. For estimating the de- 
gree of accident insurance present in a 
structural element under tension, it is 
necessary to know the elongation of the 
entire member at failure—only a short 
length of it will neck down. How much 
does the rest stretch? Most of the 
energy will be absorbed in this large 
rest. Although anactualstructuralmem- 
ber may not stretch the same amount 
outside of the necked-down portion 
as a test specimen of the same material 
outside its necked-down portion, never- 
theless the elongation in per cent ex- 
clusive of that in the necked-down por- 
tion of a specimen should furnish a 
more accurate measure of the accident 
insurance than the elongation in per 
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Fic. 6.—Effect of Cold Working on True Stress go Diagram on Copper (Czochralski). 
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DISCUSSION 


cent including that in the necked-down 
portion. 

Mr. R. E. PETERSON’ (by letter).— 
In reference (54) of Mr. MacGregor’s 
paper a diagram is given (accompanying 
Fig. 5) wherein true stress is plotted 
against go. Ludwik states that the “‘co- 
hesive strength” (represented by the 
intersection of the extrapolated linear 
portion of the curve and go = 1) is twice 
the true ultimate strength. He states 
further that there is a basic reason for 
this, referring to a paper published in 
1913 which was not available to the 
writer. Perhaps the author is familiar 
with this work and could comment fur- 
ther. It is also evident that the data 
in Mr. MacGregor’s Fig. 10 could be 
readily plotted in the same manner as 
Ludwik’s data. 

Ludwik refers to an article by Czoch- 
ralski which contains an interesting 
result, shown in the accompanying 
Fig. 6. The various curves represent 
different degrees of cold working and all 
intersect at go = 1. It is also to be 
noted that the actual true breaking 
strengths do not differ greatly. From 
these curves it would appear that if a 
relation such as Ludwik shows has any 
real basis, it would need to apply to a 
single state, such as a fully annealed 
condition. Mr. MacGregor’s comments 
would be appreciated. 

With regard to correlation of fatigue 
data, there should be a better chance of 
obtaining significant results working 
with true stresses and strains. We in- 
tend to obtain tension test data of this 
kind from material which we have used 
for fatigue tests. Since this is so easily 
done compared with obtaining fatigue 
data, it is suggested that this be carried 
out at as many fatigue laboratories as 
possible. 

Mr. H. H. Lester.*—We at Water- 


7 Manager, Mechanics Division, Westinghouse Electric 
and Manu acturing Co., East Pittsburgh, Pa. 
“ee Physicist, ‘Watertown Arsenal, Watertown, 


ass. 


town Arsenal regard the essential prop- 
erties as yield strength and reduction 
of area. Yield strength is needed for 
design. The reduction of area gives a 
measure of the ductility. 

I would like to ask Mr. MacGregor 
whether there is a definite relationship 
between the true breaking stress and the 
cohesive strength of the material. 


Fic. 7.—Showing the (Ductile) Yielding — 
Type of Failure (a) and (Brittle) Fracture of 
Separation Type of Failure (0). 


Mr. C. W. Dottins® (presented in 
written form).—Mr. Seely points out 


that the time during which a metal is = 


subjected to load is one of the conditions _ 
that may change the mode of failure 
from a (ductile) yielding type of failure — 


to a (brittle) fracture or separation 


type of failure. This fact is strikingly 


9 Engineer of Tests, Investi 
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shown by the failure of lead sheathing 
for electric cables. The accompanying 
Fig. 7 shows two specimens of the same 


material per cent antimony-lead) 


i 


4a 
=) 


cut from the same section of sheathing, 
and tested under steady load at room 


temperature. These specimens are as 
nearly identical as it is possible to make 
them. However by changing the steady 
tensile stress from 3000 psi. to 2000 psi., 
the length of time to fracture was in- 
creased from 32 min. to 42 hr., and with 


fracture or separation type of failure, 
as shown in (8). 


SAE 1/020 Steei 


Nominal Speed of 
Head ~ in per min. 


Fic. 8.—Typical Oscillograph Record of a Test 
Made Without the Use of the Weighbar. 


The shorter-time tension test does 


not give the type of failure that most 
frequently occurs in the lead cable 
_ sheathing in service, whereas the much 


longer (fracture) test does bring out the 
type of failure most commonly met in 
service conditions. Thus, as Mr. Seely 
points out, unless the mode of failure in 
service is known, the significance of the 
strength features of the tension test is 
difficult to determine. 

Mr. Paut G. Jones!® (presented in 


written form).—Mr. Seely pointed out 


that the relation between upper and 


_ lower yield points of steel is dependent 


10 Instructor in Theoretical and Applied Mechanics, 
University of Illinois, Urbana, Ill. 


on the characteristics (especially springi- 
ness) of the testing machine. Rather 
striking evidence of this fact was indi- 
cated in recent tests made by the writer 
to determine the effect of rate of strain 
on the results of tension tests on metals. 

The transition of mild steel from the 
elastic to the plastic stage appears to 
be a very sudden one causing a very 
abrupt change in the rate of loading at 
the yield point. As a result of this 
change, the inertia effects of the load- 
weighing mechanism used in the ordinary 
tension testing machine frequently pro- 
duce considerable effect on the test 
results. In the tests here discussed, 
an attempt was made to reduce these 
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TYPICAL OSCILLOGRAPH RECORD 


Fic. 9.—Typical Oscillograph Record of a Test 
Made with the Use of the Weighbar. 


inertia effects to a minimum. For this 
purpose, tests were made on standard 
$-in. machined specimens with shoul- 
dered ends in a relatively large and 
rigid (200,000-lb.) Riehle testing ma- 
chine. Further, the load-weighing de- 
vices consisted of a compression block 
fitted with a carbon-pile telemeter for 
measuring lateral expansion under load. 
The change in resistance of the carbon 
pile with load was recorded by an oscil- 
lograph. Strains were measured by a 
resistance-wire type extensometer and 
recorded by the oscillograph. 

The accompanying Fig. 8 shows a 
typical oscillograph record of an S.A.E. 
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1020 steel tested at a nominal speed of 
head of 8.0 in. per min. On this record 
are recorded load-time and stretch--ime 
relationships and a timing wave of 
impulses of 1.2 sec. It will be 
noted that with a load-weighing ap- 
paratus which has a small amount of 
inertia and springiness, the load-time 
curve indicates well-marked upper and 
lower yield points. Figure 8 also shows 
that the rate of loading and rate of 
strain in the yield point region are far 
from uniform. For the purpose of ob- 
taining a check on the load indicated 
by the carbon-pile type of loading block, 
another load-measuring device was de- 
signed on a different principle. This 
device consisted of a 20-in. steel bar 
(weighbar) placed in series with the 
test specimen, having a reduced section 
over 10 in. of its length to which was 
attached a resistance-wire type of ex- 
tensometer. A record of a test made 
on a specimen cut from the same bar 
and tested at the same head speed as 
that in the above test is shown in the 
accompanying Fig. 9. This record 
shows load-time curves obtained by both 
the resistance-wire gage and the carbon- 
pile gage and also a stretch-time curve. 
It is seen that there is very little drop 
in load at the upper yield point and that 
the rate of load and rate of strain in the 
yield point region is much more uniform 
than in the preceding test. 

It seems evident that this difference 
in yield point phenomena may be at- 
tributed to the insertion of the weighbar 
in series with the specimen which de- 
creased the rigidity or increased the 
“springiness” of the testing apparatus. 
It may be concluded that the behavior, 
at the yield point, of a structural mem- 
ber made of this mild steel would depend 
on the manner in which it is loaded, 
that is, on the rigidity of the adjoining 
members. 

Tests were also made on the S.A.E. 
1020 steel at nominal head speeds of 


| | | 


1.0, 0.4 and 0.05 in. per min. using the 
carbon-pile gage alone and with the 
carbon-pile gage in series with the weigh- 
bar. Results of these tests are shown 
in the accompanying Fig. 10 in which 
the yield point stress is plotted against 
the rate of strain: in the elastic region. 
The results shown in Fig. 10 bring 
out the facts that the lower yield point 
is affected very little by the insertion 
of the weighbar; the effect of rate of 
strain on the lower yield point is much 
less than the effect on the upper yield 
point; and there is much less dif- 
ference in the upper and lower yield 
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Fic. 10.—Effect of Weighbar on Yield Point of 
S.A.E. 1020 Steel. 


points for the lowest speed of head used 
than for the highest speed of head used. 

Mr. J. O. SuitH" (presented in written 
form).—Mr. Seely, on page 549 of his 
paper, states that in general for high 
yield ratio steels “in selecting design 
stresses for members of such material 
to be subjected to combined steady and 
variable stress, it may not be possible 
to take full advantage of the higher 
yield point of heat-treated high yield 
ratio steels, since failure by fracture 
(fatigue) may occur before the yield 
strength of the material is reached.” 
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1.0 Sy Static Tensile Properties of an Annealed 
and Cold Worked 0.29% Carbon Steel 
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ers: 
Fic. 11.—Steady Stress - Alternating Stress Diagram Showing the Effect of Yield Ratio upon the 
Useful Strength of an Annealed and Cold-Worked 0.29 per cent Carbon Steel for Varying 
i Ranges of Repeated Stress. 
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Fic. 12.—Steady Stress - Alternating Stress Diagram Showing the Effect of Yield Ratio upon the 
ia Strength of Several Heat-Treated Steels for Varying Ranges of Repeated Stress. 
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He bases his statement upon the con- 
sideration that the fatigue strength is 
not increased proportionately with the 
yield point when steels are heat treated 
or cold worked. This seems to imply 
that the strength features of the tension 
test are not significant for such steels 
used for resisting combined steady 
and alternating (variable) stresses. The 
writer feels that the significance of 
this implication has been somewhat 
neglected and wishes to discuss the 
statement quoted above by presenting 
data obtained by several investigators 
on both heat-treated and cold-worked 
steels having yield ratios which vary 
from medium to high values. 

Moore, Jasper, and Howell” in re- 
porting on several heat-treated steels 
having yield ratios ranging from 0.62 
to 0.88 give data for the fatigue strength 
of polished specimens for various com- 
binations of steady and alternating 
stresses in tension-compression. The 
writer has reported data for a heat- 
treated steel having a yield ratio of 0.95 
giving the fatigue strength of specimens 
notched by a transverse hole and tested 
under various combinations of steady 
and alternating torsional loads. In 
these torsional tests the steel always 
failed at the transverse hole by a tension 
(or helicoidal) fracture at 45 deg. to the 
longitudinal axis, so that the data might 
be regarded as representing the effect of 
a notch on the fatigue strength under 
tension-compression stresses consisting 
of cycles having various combinations 
of steady and alternating stress. 

Brown" has reported fatigue strengths 
in tension-compression for a 0.29 per 
cent carbon steel which had been 
annealed and then cold worked by draw- 


2H. F. Moore, T. M. Jasper and F. M. Howell, “‘An 
Investigation of Fatigue of Metals,” Bulletin 136, May, 
1923, p. 67, and Bulletin 142, May, 1924, p. 72, Engineering 
Experiment Station, University of Illinois. 

‘8 J. O. Smith, ‘‘The Effect of Range of Stress on the 
Torsional Fatigue Strength of Steel,’’ Bulletin 316, p. 18, 

gineering Experiment Station, University of Illinois. 

4 R. M. Brown, Journal of Engineering and S. in Scot- 


land (1928). 
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ing through round dies and reducing the 
area 11 and 23 per cent, respectively. 
Thus, his results cover a steel which has 
a yield ratio in the annealed condition 
of 0.54, when cold worked 11 per cent 
of 0.84, and when cold worked 23 per 
cent of 0.87. 

The data for both the heat-treated 
and the cold-worked steels are plotted 
on the accompanying steady stress - 
alternating stress diagrams (Figs. 11 and 
12) which are similar to those used by 
Lessells in his paper in this symposium 
and also by Haigh.” In these diagrams 
the steady stress of a repeated cycle is 
plotted on the horizontal axis and the 
alternating stress is plotted on the 
vertical axis. See small diagram in 
accompanying Fig. 11; also see Fig. 1 
of Lessells’ paper in this symposium. 
Both steady and alternating stresses are 
expressed as fractional parts of the yield 
strength. Each of the plotted points 
in these diagrams represents an en- 
durance limit for the material, that is, 
if the material is subjected to a steady 
stress equal to the abscissa of a plotted 
point, then the alternating stress rep- 
resented by the ordinate of the point is 
the maximum stress which may be 
completely reversed about (superim- 
posed upon) the steady stress a large 
number of times without causing a pro- 
gressive (fatigue) fracture in the ma- 
terial. Thus, in the diagrams the plotted 
points which lie on the vertical axis 
represent endurance limits for complete 
reversals of stress, that is, the steady 
stress is zero and the alternating stress 
consists of cycles of equal tensile and 
compressive stresses. 

The maximum stress in any cycle is 
equal to the sum of the steady stress 
and the alternating stress of the cycle. 
Thus if the line AB is drawn in the 
diagrams joining the ordinate and ab- 

15 B. P. Haigh, “The Relative Safety of Mild and High- 


Tensile Alloy Steels Under Alternating and Pulsating 
Stresses,’”’ Proceedings, Inst. Automobile Engrs., Vol. 24, 
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scissa which are equal to the yield 
strength, then any point on the line AB 
represents a combination of steady and 
alternating stress which gives a cycle 
whose maximum stress is equal to the 
yield strength. For example, the point 
C on line AB has a steady stress of 
0.6S, and an alternating stress of 0.4S, 
so that the sum of these is equal to S,, 
the yield strength. Therefore, if one 
of the plotted points falls above the 
line AB, the sum of the steady stress 
and the alternating stress, that is, the 
maximum stress of the cycle, is greater 
than the yield strength, which would 
indicate that the specimen has failed 
by yielding before the fatigue limit (or 
fatigue strength) is reached. In this 
case the yield strength is significant as 
a basis for design stresses. If a plotted 
point falls below the line AB, then the 
sum of the steady stress and the alter- 
nating stress, that is, the maximum 
stress of the cycle, is less than the yield 
strength, and therefore the fatigue 
strength is significant as a basis for 
design stresses. If a plotted point falls 
on the line AB then the yield strength 
and fatigue strength are equally sig- 
nificant. The line AB will be referred 
to as the “yield line.” 

Smooth curves are drawn through 
points representing fatigue strength 
data for various combinations of steady 
and alternating stresses for the given 
material. The points on this curve 
represent, therefore, the useful fatigue 
strength of the material. Points in the 
diagram above a curve represent a 
combination of steady and alternating 
stress which, when repeatedly applied, 
will cause a fatigue fracture. The 
curve for a given material will be re- 
ferred to as the “fatigue curve” for the 
material. 

It is now seen that the position of 
the plotted points in the diagram deter- 
mines whether or not the danger of 
failure will be from fatigue (fracture) 


SyMPOSIUM ON SIGNIFICANCE OF THE TENSION TEST 


or from yielding. If the “fatigue curve” 
crosses the “yield line” (AB) the point 
of intersection marks the transition from 
fatigue significance to yield strength 
significance, that is, for example, for 
the 1.02 per cent carbon steel the 
“fatigue curve” intersects the “yield 
line” (AB) at point D where the steady 
stress is 0.16S, and the alternating 
stress is 0.84S,. Then for combinations 
of steady and alternating stresses rep- 
resented by points on the left-hand 
branch ED of the curve, that is, to the 
left of point D, the fatigue strength is 
significant; but, for combinations of 
steady and alternating stress represented 
by points on the right-hand branch of 
the curve DF the yield strength is ex- 
ceeded by the maximum stress of the 
cycle before the fatigue strength is 
reached, so that the points along the 
“yield line” included between D and B 
represent the limiting combinations of 
steady stress and alternating stress 
which can be applied to the material 
without causing a yielding failure. 
Examination of the diagrams for the 
heat-treated steels shows that if the 
yield ratio is low, the transition from 
fatigue significance to yield strength 
significance takes place at a relatively 
low steady stress, indicating that the 
yield strength is the maximum useful 
strength for this material for a rather 
wide range of steady stress-alternating 
stress combinations, and hence the 
tension test gives significant values for 
these combinations. For such a ma- 
terial the yield strength is therefore 
very significant when selecting design 
stresses for repeated stress conditions. 
On the other hand, if the yield ratio is 
high, or if stress concentrations are 
present, the fatigue curves may not 
intersect the yield line (AB) so that 
for all combinations of steady stress 
and alternating stress the fatigue 
strength is significant, that is, the yield 
strength is not significant for design 
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since the material does not fail by yield- 
ing and hence full use may not be made 
of the high yield strength. 

The diagrams for the annealed and 
cold-worked steel show that the higher 
the yield ratio becomes by cold working 
the material, the wider the range of 
significance of fatigue becomes, that is, 
the point of transition D from fatigue 
significance to yield significance moves 
further to the right increasing the 
length of ED and decreasing the length 
DB. This means that for high yield 
ratio steels produced by cold working, 
the role of significance of the yield 
strength is reduced so that full use of 
the high yield strength may not be used 
for the stress combinations discussed 
here. 

Mr. G. C. Riece'® (presented in 
written form).—Mr. Seely has given us 
a most interesting and readable dis- 
cussion of the significance and limita- 
tions of the common tension test. 
Thousands of dollars are wasted annually 
by makers and consumers of steel in 
conducting tension tests which, in so 
far as predicting the serviceability of 
the material tested, are worthless 
criteria. 

As has been pointed out by others, 
scarcely any failures in engineering ma- 
terials come from purely tensile stresses. 
The actual mechanism of failure is 
usually entirely of a different kind. 

In good design, usually the factors of 
precisely determined elastic moduli, of 
rigidity, and of safety, have been ob- 
served. As a consequence, most of the 
failures of engineered parts come from 
other causes, the most disastrous of 
which are the sudden or brittle type of 
separation, and the progressive type. 
Too frequently both types occur without 
adequate warning. 

An axle shaft can have failed by pro- 
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gression until less than 10 per cent of 
the section is intact, when suddenly it 
twists in two. A tie rod of tough steel 
may have failed by progression from a 
thread notch until but a “waning moon” 
segment of the section remains, when 
suddenly it separates with a brittle 
fracture. 

A drive gear may perform satisfac- 
torily for years until, with the conse- 
quence of wear and power train “wind- 
up,” so much stress can be applied on 
one tooth that it suddenly parts from 
an otherwise tough material body, as 
measured by either tension or notched- 
bar impact tests. 

A large box section made by welding 
plates to channels and formed into an 
arch can fail by brittle and sudden 
separation throughout the section when 
suddenly dropped less than 2 ft. in cold 
weather. There may be practically no 
evidence of plastic deformation prior 
to, or at the point of, failure. 

From one such example, tension tests 
and other tests were taken adjacent 
to the fracture. The results follow: 

Tension test taken transversely to 
the direction of rolling, tested at room 
temperature (75 F.): 

Elon- Con- 
Tensile Yield gation traction 


Strength, Strength, in2in., of Area, 
psi. psi. percent percent 


75F. ..56 200 33 800 45.0 50.0 
— 20F...59 300 33 800 42.0 53.8 


Bend tests made at both +75 F. and 
—20 F. gave 180-deg. angle of bend © 
without failure. 


Double 
Width, 
ft-lb. ft-lb. 

50.0 

84.0 


71.0 


*T = Transverse. P = Parallel to the direction of | 


rolling. 
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- Chemical analysis of the above material: 


0.16 
Manganese, per cent.......... 0.46 
Silicon, per cent.............. 0.04 
Nickel, per cent.............. 0.09 
Chromium, per cent.......... 0.03 


An example of a torsion failure could 
also be cited which could hardly be 
- evaluated in terms of tension. A pinion 
_ made of S.A.E. 2345 steel and hardened 
to Rockwell “C” scale hardness of 
52 to 56, had continued to fail suddenly 
under torsional stress, whereas a pinion 
of the same material when reduced to 
_ @ Rockwell “C” scale hardness of 34 
to 37, would show sufficient “wind-up” 
and release to withstand the shock 
load in torsion. 

It is pleasing, therefore, to see that 
Mr. Seely has painted the whole picture 
with a “‘broad brush” since many of the 
tests which have been performed in a 
laboratory method are poorly calculated 
to correlate with the conditions en- 
countered in service. To continue to 
test material in tension and fail to take 
into account other more simple and 
equally reliable tests whose correspon- 
dence to the mechanism of incipient 
failure would yield greater value, both 
as a gage for maintenance of minimum 
standards of quality, as well as the 
diagnosis of parts which have failed 
under the usual conditions of stress, 
gives the appearance of engineering 
fixity in a world of progression. 

Mr. Bruce JOHNSTON” (presented in 
written form).—Mr. Seely has explained 
clearly two basic modes of failure which 
may take place in a metal which behaves 
in a ductile manner when stressed in 
uniaxial tension. These are the yield- 
ing, associated with shear stresses, and 
the cohesion failure associated with tri- 
axial tensile stresses. Many structural 
elements built up of relatively thin 
plate material are stressed principally 
in a single plane, or biaxially, whereas 
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in heavier machine elements, castings, 
built-up welded units, or a bar sharply 
notched on all sides of a particular sec- 
tion there may be appreciable triaxial 
stresses. Initial yielding of metals has 
been explored experimentally for the 
various biaxial states of stress, in which 
cases the shear stresses are always equal 
to or greater than in a simple tension 
test. Metals which have either a 
gradual or drop of the beam yield in 
uniaxial tension have been found to 
agree with the shear-strain-energy theory 
of yielding for biaxial stress combina- 
tions. Nadai'® has shown that this 
theory may be expressed exactly without 
recourse to strain energy criteria by the 
following statement: “Yielding will re- 
sult when the octahedral shear stress 
reaches a certain limiting value.” This 
limiting value may most easily be deter- 
mined by the simple tension test, in 
which case the octahedral shear stress 
is equal to 0.470, where o is the unit 
tensile stress. The octahedral shear 
stress may be defined as the shear stress 
which always exists simultaneously and 
in exactly equal magnitude on the 
eight planes whose normals make equal 
angles with the principal stress direc- 
tions. It is numerically equal to 
$V — 2)? + (02 — 3)? + (03 — a1) 
where oi, o2, and oz are the principal 
stresses. The simple tension test is 
thus important in establishing a funda- 
mental constant in the criteria for 
yielding. 

Triaxial tension is probably a rela- 
tively rare state of stress in most struc- 
tural elements. The strength theories 
have had little experimental verification 
in the triaxial state, due principally to 
experimental difficulties. Assuming the 
correctness of the octahedral shear 
stress theory, however, the following 
conclusions are reached. If the prin- 
cipal triaxial tensile stresses are equal in 
magnitude, the octahedral shear stress 


18 A. Nadai, “‘Theories of Strength,” Journal of 
plied Mechanics, Vol. 1, No. 3, July, 1933, p. 111. 
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is zero and the failure must be cohesive 
failure. If the principal triaxial stresses 
are not equal, and increase in constant 
ratio, the critical octahedral shear stress 
will eventually be reached, provided of 
course that prior cohesive failure does 
not take place. Seely, Hoyt, and others 
have pointed out the desirability of 
knowing the ‘statistical’ cohesive 
strength of the material. This is cer- 
tainly an important constant and is not 
determined by the simple tension test 
for the unworked, ductile material. 

The work of Kuntze!® in attempting 
to evaluate the cohesive strength by use 
of cylindrical, V-notched specimens 
needs further study, corroboration, and 
extension. Neuber?® has shown by the 
theory of elasticity the triaxial state of 
tensile stress which exists in deep and 
relatively sharp hyperbolic notches. A 
particular case of one of Neuber’s gen- 
eral solutions is shown in the accom- 
panying Fig. 13. It may be seen that 
very nearly equal triaxial tensile stresses 
exist in a relatively large area at the 
minimum cross-section of the notch. 

Mr. Seely has indicated in Table I a 
general outline of tests to show more 
completely the strength features of a 
material. The Fritz Laboratory of Le- 
high University already has embarked 
on tests of a similar nature. Tests on 
different structural metal alloys are to 
be made covering most of those in this 
table but restricted to zero previous 
deformation and normal temperature. 
Mr. Seely points out the additional 
need of tests which will reveal significant 
structural behavior. To a limited de- 
gree such tests are also included in this 
program. The same alloys tested physi- 
cally are to be tested for structural 
behavior in various ‘types of joints. 
Machining of the specimens is in prog- 
ress but it will be more than a year before 


Kuntze, ‘“‘Kohasionfestigkeit,’’ Mitteilungen der 


ae Materialpriifungsanstalten, Sonderheft XX 


2° H. Neuber, “‘Kerbspannungslehre,”’ Julius Springer, 


Berlin (1937). of 
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the present program can be completed. 
The work is being done in collaboration 
with the A.S.C.E. Structural Division, 
Committee on Design of Structural 
Members. Mr. Seely also discusses the 
important question of the ratio between 
yield point and ultimate strength. In 
view of arbitrary clauses which limit 
this ratio in some specifications it is 
hoped that the Lehigh tests, as well as 


symmetric 


Fic. 13.—Cross-Section Showing Triaxial 
Stress Distribution in Deep Hyperbolic Notch 
from H. Neuber.”° 


others of a similar type now in progress 
elsewhere, will be revealing. 

Mr. W. LeicHTton (pre- 
sented in written form).—Under the head- 
ing of Yield Strength, Mr. Seely states 
that some engineers doubt whether a 
metal can undergo sufficient plastic 
flow to make the adjustments required 
for the successful functioning of machine 
and structural members unless the 
metal has a well-defined yield point in 
the tension test. 

In attempting to compare various 
ductile steels (including the five steels 
whose stress-strain diagrams are shown 
in Fig. 1 of Seely’s paper) on the basis of 
their ability to make adjustments to 
localized stresses, under static loads, by 
yielding without evidence of cracking, 
the writer has used a tension specimen 


21 Assistant Professor, Department of Theoretical and 
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containing a short turned-down por- 
tion—a square-shouldered notch. The 


_ dimensions of the specimen and the 


notch are shown in the accompanying 
Fig. 14. Other types of notches have 


also been used, but this one illustration 


serves the purpose of this discussion. 
The typical “stress-strain” curve for 

one steel tested is also shown in Fig. 14. 

A 2-in. gage length, including the notch, 


yielding throughout the turned-down 
length to indicate a yield point. The 
strain hardening accompanying | this 
yielding enabled the load to be increased 
until the main body of the specimen 
near the notch yielded, thus indicating a 
second yield point, B, in Fig. 14. The 
unit stress, based on the large area, at 
which this second yielding occurred is 
nearly the same as the yield point of the 


Ultimate Strength 
91000 psi. 


Sf (638 i.) 


a 


oO 
oO 
=) 


\B-Yield Point 
77200 psi 


/ ‘A-Vield Point 


64 700 psi. 
@ 600 psi.) 


(0.10 
0500" diam. 70.400 diam. 


a 

> 

— 


/ 0.6254 


Values for Unnotched Specimens 
Yield Point. 700 
—- in 2 in....40. 8 per cent 


psi. 
(50 800 psi.) — 


£0750" 


Specimen | .625 


psi. | 


0.02 0.04 


0 0.06 
0 0. 002 0.004 


010 O12 O14 0.16 
0010 0.012 0.014 0.016 0.018 


Unit Strain, in. per inch 


Fic. 14.—Stress-Strain Diagram for a Tension Specimen Having a Rectangular Notch. 
Values in parentheses are based on 0.500-in. diameter. 


was used; all stresses, except as noted, 
are based on the area of the reduced 
section; and the strains are average 
values for the 2-in. gage length. 
Examination of the curve reveals that 
there are two stresses at which marked 
yielding took place, that is, two stresses 
at which deformation continued without 
an increase in load. It is felt that the 
first yielding, at A in Fig. 14, started as 
a localized yielding at the fillets, which 
relieved the stress’ concentration, pro- 
duced”a¥more uniform distribution of 
stress, and permitted sufficient general 


material as determined for unnotched 
specimens. Additional evidence of the 
ability of the material to make local 
adjustments at the abrupt change in 
section is borne out by the increase in 
strength beyond the second yield point. 

Visual evidence of the actions de- 
scribed (ability to yield plastically with- 
out cracking and relief of localized stress) 
can be obtained from an examination of 
the ruptured specimen shown in the 
accompanying Fig. 15 (a). The neck- 
ing down of the turned-down length 
(reduction of area equals 45.0 per cent) 
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is readily observable and the dimensions 
given indicate the measurable yielding 
(12.8 per cent reduction of area) in the 
main body of the specimen. Also 
visible in the figure is the crack which 
opened up at one of the fillets when the 
maximum load was reached; the other 


DISCUSSION 


rather shiny area marked A in Fig. 
15 (b). The central portion of the cross- 
section, marked B in the same figure, is 

coarse and granular in appearance and is 
the part that fractured suddenly. Such 
differences in the appearance of the area 
of fracture are also found when a V- 


0.30/" 
0.467" 


(a) Longitudinal view. 


@) Chess area (X 4.6). 


Fic. 15.—Ruptured Specimen. 


crack obviously spread and led to com- 
plete fracture of the specimen. 

The appearance and shape of the area 
on which the specimen ruptured indi- 
cates the complex state of stress (un- 
doubtedly three-dimensional) existing 
at the notch. The inward progress of 
the crack is marked by the smooth, 


notch is used. However, the cracks do 
not spread equal amounts for all steels; 
in fact, one steel failed completely and 
suddenly without the formation of a 
crack. 

Although the experimental work so 
far done has not shown conclusively 
whether the steels used can be oe 
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differentiated onthe basis of the test 
just described, some differences have 
been observed and it is felt that evidence 
of two “yield points” in a specimen 
having a specified short notch may be 
more convincing evidence of the ability 
to make structural adjustments than a 
well-defined yield point in the standard 
tension test. However, as suggested by 
Mr. Seely, the adjustments that occur in 
a specimen, even in a notched tension 
specimen, may not simulate the adjust- 
ments that occur in members subjected 
to nominally nonuniform distributions 
of stress or more complex states of stress 
than exist in a tension specimen. It is 
also recognized that different notches 
would have an influence on the behavior 
of various materials and that if such a 
test were standardized in order to bring 
out the significant structural properties 
of the material in a better way than does 
the standard tension test, it would be 
necessary to specify both the type of 
notch and the type of specimen. 

Mr.0O. C. RuTLEDGE”.—In our labora- 
tory we are faced with the difficult situa- 
tion that Mr. Seely has mentioned. We 
have to make commercial acceptance 
tests that will satisfy the vendors, and 
ourselves and our customers as the pur- 
chasers. On the other hand, our design- 
ing engineers are always after us to 
furnish them with more and more in- 
formation on the properties of the 
materials that they want to consider 
for use in their designs. We usually, 
make up this information in the form of 
a chart or table, listing as many of the 
common properties as are available and 
continually adding to them as more 
information is collected. On the mate- 
rials that show a yield point, the physical 
properties listed would include propor- 
tional limit, yield point, tensile strength, 
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elongation, and reduction of area, and 
fatigue endurance limits, and a general 
discussion of the class of applications 
that the material might well be used for. 
On materials which do not show a defi- 
nite yield point, we have had under con- 
sideration listing a table of stresses at 
which various amounts of offset might 
be expected. For example, 0.001 per 
cent, 0.01 per cent, and 0.1 or possibly 
0.2 per cent, and more recently, since 
we have purchased an autographic re- 
corder, we are considering making up a 
series of charts giving the load-deforma- 
tion curves on the various classes of 
materials so that the engineer can more 
ably choose for himself what particular 
materials he wants to use in his design. 

Mr. L. B. TucKERMAN.**—I sincerely 
hope that from these various studies of 
tension tests we shall some day find that 
we can use them to learn much more 
about materials. It would be highly 
desirable if from tension tests we could 
learn something about the fatigue and 
impact properties of materials. We 
have yet to find a way to do that. I 
might point out that the principle of 
similitude fails us in dealing with crystal- 
line aggregates, for the reason that the 
size and shape of the crystals are an 
essential part of the behavior of the 
structure. When you make a smaller 
structure out of the same metal, you do 
not make the crystals smaller in propor- 
tion and consequently there is a severe 
limitation on the application of the 
principle of similitude. It is known that 
in the Charpy impact test you cannot, on 
the basis of dimensional reasoning, cor- 
relate a test on a large specimen with a 
test on a smaller one. 

These comments give, perhaps, too 
pessimistic a view of the tension test. 
In a large number of structures, a rela- 
tively large portion of the material is 
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stressed in practically pure tension. We 
know from many tension tests that if the 
material fails in the tension test at 
stresses below the tensile stresses in the 
structure, the structure will not stand 
up in service. Consequently we must 
know the result of tension tests on the 
material. That is basic. We must 
have it. 

We need also to know the compressive 
properties of the material. Compression 
tests are time consuming and costly. 
It is to be hoped that some day we can 
find a definite correlation between the 
tensile properties of materials and their 
compressive properties. One of the 
most definite things we know about the 
strength of structures is that the shape 
of the compressive stress-strain curve 
either at the yield point, if the material 
has a yield point, or in thé neighborhood 
of the yield strength (I hate those words, 
I voted against them), is a criterion upon 
which we can rely, and rely fully, in 
determining the nature of the transition 
between critical elastic instability and 
plastic instability in structures stressed 
partly or wholly in compression. Fail- 
ure by elastic or plastic instability is 
characteristic of practically all aircraft 
structures, in particular, stressed skin 
structures. 

I think there is too much of a pessi- 
mistic tone in Mr. Gillett’s paper. 

If you take samples of a uniform ma- 
terial and subject them to a series of 
processes, uniform except for one vari- 
able parameter, it is a reasonable expec- 
tation (and experience gives a reasonable 
confirmation to that expectation) that 
there should be a close correlation be- 
tween any two mechanical tests made on 
those samples. Thus if you take sam- 
ples of a given steel such as a S.A.E. 
1040, quench them at a given tempera- 
ture, and draw them at a series of 
different temperatures, you expect, and 


within reasonable limits, will find, close 
correlation between the resultant tensile 


strength, elongation, reduction of area, 


Brinell number, etc. 

If you take samples of another kind of 
steel such as a S.A.E. 4140 and put them 
through the same processes, you expect 
and, within reasonable limits, will find, 
close correlation between the same 
resultant physical properties. 

However, the relationships between 
these properties for the two steels will 
not in general be the same. For exam- 
ple, S.A.E. 4140 will have a much 
greater elongation corresponding to high 
Brinell numbers than will S.A.E. 1040 
and the curve of change of elongation 
with Brinell number will have a different 
shape. 

In fact it would be sheer accident if 
they were the same except in the im- 
probable, but conceivable, case that two 
superficially different tests measured in 
different ways exactly the same proper- 
ties of the materials. 

The steels covered by either A.S.T.M. 
Standard Specifications A 7-39, or 
A 212 — 39% do not, of course, form a one- 
parameter system in the sense stated 
above but they are sufficiently nearly one 
parameter systems that there is for them 
a fair negative correlation between ten- 
sile strength and elongation which is 
recognized in the specifications by 
specifying a minimum elongation given 
by a ratio “‘constant to tensile strength.” 

The trend noted by Templin (p. 568) 
is another illustration of a rough, in 
fact, very rough, approach to a one- 
parameter system, and Lundgren’s 
breaking steels into classes (p. 568) is 
another stab at one-parameter systems. 


24 Standard Specifications for Steel for Bridges and 
Buildings (A 7 - 39) and for High Tensile Strength Car- 
bon-Silicon Steel Plates for Boilers and Other Pressure 
Vessels (Plates 4% in. and Under in Thickness) (A 212 - 
39), 1939 Book of A.S.T.M. Standards, Part I, pp. 1 and 60, 
respectively. 
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- Russell’s report (p. 569) of no change 
in notched endurance with lowered 
elongation is not in conflict with this. 
He had a close approximation to a one- 
parameter system and the correlation 
coefficient of a horizontal line can be as 
high as that of a line with any slope. 

I think that examination of all the 
cases in which correlations are reliably 
reported between impact values and 
polished or notched endurance values on 
the one hand and tensile elongation or 
reduction of area on the other, will show 
that the correlation is greater the more 
nearly the specimens form a one param- 
eter series. 

I hold no brief for the specific values 
of elongation specified in A.S.T.M. speci- 
fications for structural steel and certainly 
not for the slight differences noted, but 
I do not like the assumption that no real 
justification exists for them. A real 
justification does exist for specifying 
some minimum of elongation for many 
structural materials and it lies, in the 
fact, learned from experience, that, for 
some classes of material, elongations 
below a certain value are almost sure 
indications of unsuitable material. Ifa 
structural steel was supposed to conform 
to A 7 — 39 and in the usual tension test 
it showed only 5 per cent elongation you 
would know that something was wrong 
with it. That is, of course, extreme, but 
I have tested materials submitted under 
similar specifications which gave just as 
extreme values and I did not feel it 
necessary to question whether the speci- 
fied elongation was “actually needed” 
before rejecting the material. 

Two cases cited are excellent illustra- 
tions of this. Sims and Dahle’s “hair 
trigger difference in ductility values” 
apparently did exclude some bad cast 
steels. 

Further, regardless of whether “the 
engineering requirements” of the Mount 
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Hope Bridge wire “actually needed”’ the 
30 per cent contraction specified, the 
occurrence of sporadic specimens with 
much lower contraction should have 
(hindsight is better than foresight) 
warned the engineers that there was 
“something rotten in Denmark.” 

I am firmly convinced that it 7s sound 
specification writing, for a given class of 
materials, ‘to demand, without qualifi- 
cation, a definite figure” of tensile 
elongation “‘without knowing that the 
engineering requirements actually need 
that figure” provided it “without exces- 
sive cost, can be obtained without 
excessive sacrifice of other desirable 
properties.” 

Manufacturers will complain if the 
costs are excessive, and users will com- 
plain if other desirable properties are 
excessively sacrificed and specifications 
can always be revised where it is proven 
desirable. 

Such specifications will, of course, 
unavoidably cause the rejection of some 
perfectly serviceable materials for failing 
to meet an arbitrary figure. If the 
failure to meet the specifications is 
caused by poor mill control, they should 
be rejected as the same poor mill control 
could as readily produce dangerous ma- 
terial and the elongation furnishes, for 
many metals at least, a criterion which 
surely excludes much poor material. 

The definite figure which has proved 
satisfactory in selecting one class of 
material for a given use, is of course not 
sacrosanct, and has no bearing whatever 
on the figure to be set for “a different 
material, really superior” for the same 
use. The only real hope I can see for 
“potential users” and also for specifica- 
tion writers who think that it is sacro- 
sanct, is to educate them out of their 
ignorance. 

When, for example Grotts can pro- 
duce a perfectly satisfactory alloy steel 
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casting with 44 per cent contraction, 
while the specification calls for a mini- 
mum of 45 per cent, it is perfectly in order 
to urge a lowering of the requirements 
for reduction of area in A.S.T.M. 
Standard Specifications; A 87 — 36% pro- 
vided that there is specified some other 
adequate safeguard aguinst the occur- 
rence of “the film type of inclu- 
sion,’ which I presume to be seriously 
detrimental. 

However, if I were urging the lowering 
of this requirement I would also urge 
that it be lowered no more than enough 
to include known demonstrably satis- 
factory cast steels, and before I urged 
even so much, I wold want to be 
perfectly sure that theré was some other 
adequate safeguard against “the film 
type of inclusion” or other seriously 
detrimental defect. 

I am reminded of a talk I gave 7 yr. 
ago. It does not cover all the points 
but it seems to me ey pertinent 
to quote: 

“So far, I have eniatinall only the 
results of the better understood materials 
tests in judging this relatively new ma- 
terial. What of the others? One exam- 
ple will have to suffice. For the usual 
high-grade structural duralumin an ex- 
tension of 18 per cent in 2 in. is specified. 
Why? For some of the new modifica- 
tions extensions as low as 12 per cent are 
considered satisfactory. Why? We 
specify about 25 per cent for ordinary 
structural steel because we feel that 
smaller elongations indicate material less 
secure against shock and fatigue failure 
as well as more difficult to fabricate, and 
25 per cent is readily obtained commer- 
cially. It is hardly safe to reason by 
analogy from steel, for we have to do 
with an entirely different material. 
This is clearly shown by the age-harden- 

25 Standard Specifications for Carbon-Steel and Alloy- 


Steel Castings for Railroads (A 87 - 36), 1939 Book of 
AS.T.M. Standards, p. 224. 
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ing properties of duralumin, which make 
the practical difficulties of its fabrication 
so different from those of steel. By 
lowering the specified elongation of 
duralumin to 12 per cent, material is now 
furnished for special purposes up to 
75,000 psi. tensile strength instead of 
55,000 to 65,000 psi. which was formerly 
considered the best that could be fur- 
nished commercially. 

“These newer, higher-strength alloys 
with lower elongation, developed to meet 
specific demands, introduced and used 
with many misgivings, have so far 
proved to be satisfactory in service. 
It is still too soon to predict the ultimate 
judgment which will be passed on them. 

“Could elongations even lower than 
12 per cent be specified with safety? 
Who can say? 

“A new material, however desirable 
its qualities, must thus pass through a 
period of probation before designs are 
worked out which will use these proper- 
ties to the best advantage. In this 
probationary period structural tests 
furnish one of the most valuable aids to 
rapid progress. Even materials which 
have been much longer known and used, 
have as yet not wholly passed this pro- 
bationary period, so that structural tests 
on so well known a material as ordinary 
structural steel are still teaching us how 
it may be used to better advantage.” 

THE CHAIRMAN (Mr. J. M. Lessells*). 
—The paper by Mr. Gillett refers to the 
Ford cast crankshaft. While I have 
been associated for several years with 
questions relative to the suitability of 
forged alloy steels for aircraft engine 
crankshafts, the question of the use of 
cast material for such parts cannot, on 
the basis of the success which has been 
obtained with the cast automobile 
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crankshaft, be disposed of on the grounds 
of a decrease in the ductility values alone. 
Mr. Gillett in his paper has put this 
situation before us in a rather clear 
manner. Other factors may, however, 
limit the use of cast materials for crank- 
shafts. 

Mr. T. McLEAN JASPER” (presented 
in written form).—1 like the very tone of 
Mr. Gillett’s paper. I hope that the 
paper will act as a “Stop, Look and 
Listen” sign for a group of honest, hard- 
working but sometimes headstrong test- 
ing engineers and specification writers. 
We truly sometimes strain at little gnats 
and swallow whole strings of large 
camels. 

The writer would introduce yet an- 
other thought into the picture that duc- 
tility may play in a significant manner 
in producing final engineering structures. 
There are certain structures which 
depend upon the yield point to determine 
the load at which they will fail. This 
applies particularly to the problem of 
collapse or buckling such as is found in 
tubes used for deep oil wells. The 


stress-strain diagram in compression for 


certain steels is very different from that 
in tension and steel may be compressed 
under restraint so that its compression 
yield is very materially raised in the 
most useful direction. In compressing 
a tube a certain amount of the measured 
original ductility is utilized and it is 
significant that a nonductile material 
will not yield to this type of treatment 
without fracture. 

It is possible to raise the compressive 
yield strength of certain steels above the 
ultimate strength in tension in the same 
direction without utilizing more than 
about one-quarter of the available duc- 
tility, thereby allowing three-quarters of 
the original ductility to take care of the 
hazards of operating the casing. This 
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three-quarters of the original ductility 
as measured by elongation may be more 
than the total ductility representing the 
normal steels used in the several casing 
problems. 

At a recent meeting of the American 
Petroleum Institute the writer proposed 
that structures be given study so that 
their fundamental ductility, or perhaps 
toughness, requirements might be ar- 
rived at. This is a problem worthy of 
the American Society of Testing Mate- 
rials. As Mr. Gillett has pointed out in 
general, as strength is increased ductility 
decreases. A steel heat treated for high 
strength is invariably less ductile in this 
state than if in the annealed or nor- 
malized state. The Society has been 
giving careful study to impact testing 
for a number of years. I would propose 
that a committee be set up to study the 
significance of various forms of ductility 
measurements in its application to 
engineering requirements. It may well 
be that such a study will result in de- 
creasing its importance in specifications. 

Mr. S. W. Lyon” (presented in written 
form).—Mr. Gillett’s discussion merits 
the careful consideration of all engineers 
having to do with the testing and use of 
engineering materials. It is not so much 
for the data given in this paper but 
rather for the comprehensive gathering 
together of the ideas relating to the 
numerous phases of a subject much in 
need of consideration, that makes this 
paper of high merit. This paper should 
stimulate several lines of thought and 
endeavor which will ultimately bring 
understanding to a subject much in 
need of clarification. 

A consideration of the service require- 
ments of railroad rails and the ductility 
figures of rail steel as given by the ten- 
sion test offers a good example of how a 
material with rather limited ductility 
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fulfills the demands of severe service in 
a satisfactory manner. Rail steel, a 
tonnage product, with an average carbon 
content of 0.75 per cent, is usually con- 
sidered as a brittle material as shown by 
elongation values averaging 9 or 10 per 
cent as obtained from the usual tension 
test. Yet rails in track even in the best 
of maintained main line are by no means 
rigid, for some vertical movement is 
always present under load. Rails are 
also called upon to support high repeated 
moving loads, and these loads at the 
gaps existing at rail joints further sub- 
ject the rails to impact. On rare occa- 
sions the dynamic augment from an 
accidentally out-of-balance locomotive 
operated at high speed has imposed 
impact loads of great enough magnitude 
to kink the rails permanently, but frac- 
ture seldom resulted directly from such 
cause. Further, rails give service under 


plasticity. The crankshaft he describes 
is an excellent example. Although Mr. 
Gillett has indicated briefly the ductility 
requirements in the structural field, the 
need for fairly large plastic extension is 
not so rare as might be inferred. 

In the steel bridge or building plas- 
ticity of material is needed in each of the 
three stages of (1) fabrication, (2) erec- 
tion, and (3) service. In fabrication, 
the cost and methods used in punching, 
shearing, and bending operations cer- 
tainly depend to a large degree on the 
plastic deformability of the metal. This 
plastic deformability is at least partly 
indicated by the ductility features of the 
tension test. In the erection stage, 
punched holes in a riveted structure may 
not line up, and must be drifted into line. 
In very local regions the resulting plastic 
dislocation may be considerable. After 
the bridge or building is in service the 


rather wide ranges of temperature condi- 
tions, certainiy under corrosive atmos- 
pheric conditions, and with the presence 
of occasional casual stress raisers such 
as nicks imposed during operation and 
maintenance. It seems safe to say that 
relatively few rail failures can be traced 


actual structural elements may have 
local uncalculated stresses due to ap- 
plied load which may locally cause 
plastic flow. 

The problem is not simply one of 
local redistribution of stress in one 
particular part which would require 


to insufficient ductility of the steel. 

With all this, if rails can give good 
service under severe service conditions 
even though the rail steel is of relatively 
low ductility, is it necessary to require 
such high ductility figures for materials 
operating under service which impose 
much less severe requirements from a 
service standpoint? 

Mr. Bruce JOHNSTON” (by letter).— 
Mr. Gillett’s paper focuses attention on 
the need for more accurate knowledge 
regarding ductility requirements for a 
particular structural or mechanical use 
of a particular material. He cites 
numerous instances where the engineer 
gets along without a high degree of 


29 Assistant Director, Fritz peuinening Laboratory, 
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probably less than 1 per cent total 
strain. For example, a riveted joint is 
designed on the basis of assumed equal 
load distribution among the rivets. In 
a long row of rivets the end rivets first 
slip and later yield before the working 
load is reached. In laboratory*® tests 
the end rivets of large joints may break 
off entirely, after large plastic deforma- 
tion, before the maximum joint load is 
reached. The ratio between the maxi- 
mum load and the design load is con- 
sidered the significant over-all factor of 
safety of the joint, but this maximum 
load is not arrived at until certain rivets 


30 R. E. Davis, G. B. Woodruff, and H. E. Davis, ‘““Ten- 
sion Tests of Large Riveted Joints,” Transactions, Am. 
Soc. Civil Engrs., Vol. 105, p. 1193 (1940). 
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use up at least a considerable portion of 
their ability to take plastic deformation. 
mt The author has indicated the useful- 
ness of ductility as accident insurance. 
_ The steel skeleton of a building during a 
hurricane or earthquake, and the end 
post of a highway or railway bridge 
during a wreck are examples where such 
ductility is put to good use and where 
danger to human life is involved. 
7 The writer does not believe that cases 
tg needing high deformability are ‘“de- 
_ cidedly rare in engineering practice” but 
_ agrees thoroughly with the need for 
“more direct and searching tests” of 
structures and structuralelements. The 
writer believes that there is, in general, 
a “case” for present ductility require- 
ments. Mr. Gillett has pointed out, 
however, the unjustness of specifying 
slight variations in ductility require- 
ments for different metals going into 
are similar services. Mr. MacGregor, in 
another paper of this symposium, has 
differentiated between ductility meas- 
ured before and after necking down 
commences. This may bea very signifi- 
cant differentiation with respect to what 
is actually needed in a structure. 

Mr. Gillett has focused attention on 
. an important subject which needs further 
study. The significance of the ductility 
features may in some applications be 
limited, but in other cases the writer 
believes the question remains an open 
one. 

Mr. L. J. LArson*'.—It is very grati- 
fying to have someone of Mr. Gillett’s 
standing in the field raise the question: 
“Why do we need so much ductility?” 

For a number of years I have been 
associated with welding and have found 
that ductility is the subject of more dis- 
cussions and arguments than any other 
property of weld metal. The minimum 
elongation specified for deposited metal 
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has been increased constantly and at a 
rapid rate. The first code for welded 
pressure vessels specified that the weld 
metal must have a minimum elongation 
of 20 per cent in 2 in. and a strength 
equal to the minimum specified for the 
stock (about 60,000 psi.). The yield 
point was not specified but was approxi- 
mately 45,000 psi. A little later, when 
high-strength steels came into use, the 
same elongation was required for welds 
having strengths over 70,000 psi. and 
yield points of about 50,000 psi. Now 
we have specifications which require a 
yield point of 50,000 psi. and elongations 
of over 30 per cent. The higher the 
requirements for any material, the more 
difficult and expensive it becomes to 
produce. The question arises: “Are 
such high requirements justified?” 

Although weld metal is not produced 
in large tonnages, it is a vital part of 
many structures and is, therefore, an 
important engineering material, in which 
this Society should be interested. Engi- 
neers who use welding and prepare 
specifications for welded structures will 
rely to a large extent on the recommen- 
dations made by A.S.T.M. 

Mr. Seely points out that some steels 
have yield ratios as high as 80 per cent. 
For weld metal such a ratio is quite com- 
mon and a yield ratio of nearly 90 per 
cent is not unusual. This high ratio is 
the result of requiring such high yield 
points for weld metal. Whether the 
high yield point of weld metal is of any 
advantage is questionable, so long as the 
yield point of the weld is equal to that 
of the plate welded. 

Mr. L. H. Fry.—It seems to me that 
in considering the acceptance tests and 
specifications, we should bear in mind 
the history of the acceptance test as 
indicated by Mr. Gillett. The prac- 
tical engineer finds that a certain mate- 
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rial gives satisfactory results in a 
service. He then makes a tension test, 
records the tensile properties and writes 
a specification boosting the tensile 
properties as far as his conscience and 
the manufacturers will let him. 

Iam a little disturbed by a minor flaw 
that I find in both the papers by Mac- 
Gregor and Seely. This Society gives 
definite definitions of yield strength and 
yield point, recognizing them as dis- 
tinctive properties. Mr. MacGregor 
showed a definite yield point and called 
it yield strength. Mr. Seely showed 
yield strength and called it yield point. 
It seems to me that, of all people, the 
members of the American Society for 
Testing Materials should use definite 
terms to differentiate between different 
characteristics of the various materials. 

Mr. H. F. Moore.*—Although at 
present the problem of strength and 
ductility under triaxial tension is well 
outside the range of “practical” study, 
it is one of great importance. Under 
balanced triaxial stress shearing stress 
becomes zero, and it seems that some 
sort of cohesive strength must be the 
dominating factor in resistance. Un- 
fortunately, so far no triaxial tension 
test has been devised in which stresses 
can be accurately computed, and in 
which primary failure is due to triaxial 
tensile stress. The development of such 
a test would be a major technical 
achievement. 

Mr. R. L. Tempiin.*—I think we 
have all been impressed with the em- 
pirical nature of the tension test as 
brought out by these three papers. 
Furthermore, I do not see how we can 
get away from the rather empirical 
character of all of our mechanical prop- 
erty tests. The more refinements we 
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put into them or think we should put 
into them, will of necessity depend on 
what we want to do with the values we 
get from the tests. I am particularly 
concerned about one of the points in 
Mr. Seely’s paper, wherein he mentions 
the tendency of designers to decrease 
the magnitude of the offset in order to 
evaluate the yield strength of the mate- 
rial. In general, the material supplier 
and those who have to test the material 
on a routine mass production basis have 
to use the testing apparatus now avail- 
able and therefore prefer to have a larger 
value for the offset so that they can more 
readily obtain results which will check 
with those obtained by the party who is 
buying the material and is going to re- 
test it. In view of what we have seen 
brought out in these papers and in line 
with one of the time-honored customs 
of selecting design stresses in engineering 
structures, that is, dividing the tensile 
strength or yield point or yield strength 
by some factor in order to arrive at a 
design stress; it would seem perfectly 
logical that if we must have a value that 
corresponds to that nonexistent prop- 
erty, elastic limit, in our usual formulas, 
we could with impunity get at a value 
that would serve in lieu of this propor- 
tional limit or elastic limit by merely 
taking some percentage of the yield 
strength determined with a fairly large 
offset value, and be on just as safe 
ground as we have been in the past with 
the design of our engineering structure. 
I think it will be found that this pro- 
cedure will give just as satisfactory 
structures as we have had in the past 
and in some instances such procedure 
may enhance their value. I am quitein 


sympathy with Mr. Gillett’s remarks on 


ductility, yet I cannot find just how we 


are to use that value in engineering 


design. We insist that we have to have | 


some ductility in certain structures and 7 
in others we think we ought to havea 
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minimum ductility value as determined 
from the tension test, whether we really 
“ know how to use the value or not. In 
defense of the tension test and the 
values we obtain from it, I think it is 
only fair to state that we still believe 
that the test and the values it gives 
serve a very useful purpose in the control 


ae _ of metal products and the fabrication 
_ procedures that are used in making these 


products. They serve as a satisfactory 
yardstick, so to speak, to make changes 
in fabrication processes, to develop new 


alloys or new processes, and they serve 


as one of the items in the specifications 


governing products to help insure that 


the immediate lot of material corre- 


sponds, at least approximately, to pre- 


vious lots furnished or produced. Our 
tendency is to narrow down or further 
_ qualify the limitations imposed on ob- 
taining these values. We have had a 
paper on the effects of speed of testing.* 


‘There is a tendency to define limits for 


speed of testing so that we can get 
_ closer checks on our values. We may 
some day come to the limiting of the 
temperatures involved in making the 
tension test. Certainly we know that 
temperature has an effect, but with all of 
these limitations, are we not expecting a 
lot from the results as given by the em- 
_ pirical tension test? When we come to 
use these values as one of the corner- 
stones in the design of engineering 
- structures, it would seem to me that 
rather than try to expect so much from 


er tension tests, the designer should know 


more about the material and the be- 
_ havior of it in the structure, bringing 
into the picture the factors, other than 


_ the tensile properties of the material, 


that affect the service life and the utility 
of the structure. Two well-known and 
well-recognized factors in that category, 


35 Paul G. Jones and H. F. Moore, ‘‘An Investigation 


of the Effect of Rate of Strein on the Results of Tension 
‘Tests of Metals,’’ see p. 6 
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of course, are the effects of structure 
fabrication processes and the design of 
the structure. 

Mr. C. W. MacGrecor® (Author's 
closure by letter) —Mr. Osgood refers to 
the difference in trueness of the stress 
and strain definitions used in the paper. 
While the author is in agreement gen- 
erally with Mr. Osgood’s comments, he 
would like to point out again that 
basically a certain ambiguity in the 
choice of the proper reference length 
exists in the definition of strain given 

L— L, 
by = 


which does not exist 


where the strain is defined as e = log i: 


In the latter case, the change in length 
is always referred to the length from 
which that change is produced and not 
to the original length. In this respect 
then the definition of ¢ fits in perhaps 
better with our essential ideas of strain. 
The most important advantages in its 
favor lie in the ease with which e may 
be obtained from area measurements in 
a necked-down test specimen, in the 
convenient expressions for ductility, and 
in the resultant shape of the stress- 
strain curve so constructed. 

The method of plotting the true stress 
as a function of gq, is discussed by Mr. 
Peterson. As had been found by others 
earlier, and also verified by our own 
experiments, the portion of this curve 
constructed from the maximum load 
point to fracture curves gradually up- 
ward, and is not a straight line in this 
region. Attempts have been made in 
the past to extrapolate the tangent of 
this curve at the maximum load point 
and to extend it to a value of g. = 1. 
The value of stress derived in this man- 
ner represents a fictitious stress which 
would not be received in the material 
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even if the reduction of g = 1 were 
realized. For this reason, the physical 
significance of this stress value is not 
apparent. It is also possible to show 
analytically that if such a straight line 
were used, the true stress at the max- 
imum load is half that at gq = 1. 
Tests have shown that such a relation 
is realized only with a ductile material 
in the annealed condition. 

In the work of Stea;l,*” the true stress 
is plotted as a function of decreasing 
diameter. Following this method, the 
true stress is related linearly to the de- 
creasing diameter in the region from 
the maximum load point to fracture. 
Experiments conducted by the author 
some time ago*® showed that straight 
lines were obtained with the same data 
in the necking region$by both the Stead 
method and also bythe S — gq’ pro- 
cedure. It was shown for the range of 


d 
values of Zz received in the tension test, 


that a plot of 5 versus 2 log 5 is a 


straight line. It is then apparent why 
both methods yield a straight line in 
this portion of the cyrve. 

It is possible now i. show analytically 
that if the straight line in the Stead 
method is extrapolated to zero diam- 
eter, the true stress corresponding to 
the maximum load is one-third of the 
true stress at zero diameter instead of 
one-half as predicted by the S — q 
method. This procedure would appear, 
at first glance, to be better than that 
used by Ludwik and others since the 
true stress-diameter curve from the 


37 J. Stead, ‘“The Cold-Working of Steel with Reference 
to the Tensile Test,’’ Journal, Iron and Steel Inst., Vol. 
107, PR: 377-416 (1923). 

33 C. W. MacGregor, ‘‘Relations Between Stress and 
Reduction in Area for Tensile Tests of Metals,” Technical 
Publication 805, Metals Technology, April, 1937; also, 
“Differential Area Relations in the Plastic State for 
Uniaxial Stress,” Stephen Timoshenko Sixtieth Anni- 
versary Volume, The Macmillan Co., New York, N. Y., 
(1939), and ‘‘A Two-Load Method of Determining the 
Average True Stress-Strain Curve in Tension,” Journal of 
4 a Vol. 6, No. 4, December, 1939, pp. 
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maximum load point to fracture follows 
the tangent at the maximum load, 
whereas, in the S — gq, method it does 
not. The value of stress at zero diam- 
eter has been called by O’Neill and 
Greenwood*® the ‘‘pressure of fluidity.” 
The assumption of a straight line for 
small diameter values in this case is, 
however, also open to question. Test 
results obtained by the author some 
time ago show values of true stress 
corresponding to zero diameters for an- 
nealed ductile metals varying from 2.75 
to 2.82 times those at the maximum 
load. Work-hardened or heat-treated 
steels do not check this relation as was 
found in the S — gq. procedure. The 
Stead method also is not readily ap- 
plicable to flat bars and the abscissa 
is not a strain. 

The author thoroughly agrees with 
Mr. Peterson’s comments on the possi- 
bility of obtaining more significant re- 
sults in the correlation of fatigue data 
by using true stress and strain values. 
It is hoped that Mr. Peterson will 
publish the results of such a correlation 
in the near future. 

In answer to Mr. Lester’s question as 
to whether there is a definite relation- 
ship between the true breaking stress 
and the cohesive strength of the ma- 
terial, the breaking strength is approxi- 
mately ‘‘the technical cohesive strength” 
of the cold-worked metal. 

Concerning the distinction between 
yield strength and yield point mentioned 
by Mr. Fry, reference is hereby made to 
page 509 of the paper. 

In closing, the author would like to 
thank all those who have contributed to 
the discussion. It is hoped that more 
research work will be done in future in 
the various laboratories in the country 
on true stress-strain relations in the 
tension test. It is felt that the tension 


39 H. O’Neill and H. Greenwood, “‘Observations on the 


-Pressure of Fluidity of Annealed Metals,” Journal, Inst. 


Metals, Vol. XLVLITI, No. 1, pp. 47-68 (1932). 
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test can still be developed much further 
than heretofore, and that a fruitful 
direction of research lies in the applica- 
tion of true stress-strain methods. 

Mr. F. B. SEEty” (Author’s closure). 
—Before commenting on some of the 
questions raised in the discussions, it 
may be well to focus attention on the 
fact that the aim of the symposium was 
to emphasize the significance of the ten- 
sion test in relation to the design of a 
member whose primary function is to 
resist forces (loads) applied to it. The 
significance of the test for this purpose 
may be only remotely related to the 
significance of the test for determining 
whether material should be accepted or 
rejected in accordance with specifica- 
tions. In order to bring out how test 


results are used in a rational procedure 
of design, and thereby to present the 
basis on which the significance of a test 
is to be judged from the viewpoint of 
this symposium, the steps in a rational 


design of a member are outlined as fol- 
lows: 

Step 1—The mode of probable failure 
of the member as used in the load- 
resisting structure, machine, or appara- 
tus is determined. By failure is meant 
any action in the member, resulting 
from the applied loads, that would cause 
the member to cease to function satis- 
factorily in thestructure, etc. Failure 
may consist of (a) elastic deflection, (5) 
permanent deformation of a considerable 
portion of the member (general yielding 
in contrast to localized yielding) of a 
small amount in some cases and of a 
relatively large amount in others; fur- 
thermore, the yielding may be a con- 
tinuing deformation such as creep at 
elevated temperature, or a yielding at 
ordinary temperature that is accom- 
panied by strain hardening which pre- 


* Professor and Head, Department of Theoretical and 
Applied Mechanics, University of Illinois, Urbana, Ill. 


vents continuing deformation at the same 
load, (c) fracture consisting of either a 
rather sudden breakingof the member 
or a progressive (fatigue) fracture start- 
ing as a minute crack, etc. This step 
presents difficulties in the design of some 
load-resisting members, but a design be- 
comes largely empirical if knowledge for 
this step is lacking. 

Step 2——A relation (equation or 
formula) is found between the loads and 
the quantity (deflection; stress, either 
shearing or tensile and either the statis- 
tical or localized value; shear strain- 
energy; etc.) which is judged to be 
significant in the failure of the member 
the quantity that would limit the maxi- 
mum value of the loads if the loads were 
increased until failure occurred. In our 
present state of knowledge this step 
usually involves simplifying assump- 
tions and approximations in obtaining 
design formulas even when the signifi- 
cant quantity to be expressed in the 
formula is known, which is not always 
the case. 

Step 3.—By appropriate tests the 
maximum value of the significant quan- 
tity in the failure, as expressed in the 
formula of step 2, is determined. Cer- 
tain general properties of the material 
are also found which are an aid to the 
judgment needed in step 4. 

Step 4—A working value of the 
significant quantity to use in the equa- 
tion obtained in step 2 is selected as 
some proportion of the value found in 
step 3. But the working value is 
largely the result of experience, practice, 
commercial and legal considerations, and 
other conditions that cannot be ex- 
pressed in mathematical form, although 
one’s judgment in making use of ex- 
perience is guided by a knowledge of the 
ductility and other properties of the 
material. 

The steps listed above are, of course, 
over-simplified, but they will serve per- 
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haps in emphasizing how the significance 
of a test of a material is primarily related 
to the problem of design of a load-re- 
sisting member. Now, the main ques- 
tion raised in the second paper in this 
symposium was: Under what conditions 
of use or under what mode of failure of a 
load-resisting member is the simple ten- 
sion test (as specified in the standards 
of this Society) an appropriate test for 
determining the maximum value of the 
strength quantity that is associated 
with the failure, and hence that limits 
the loads that can be applied to the 
member? 

It was pointed out in the paper on 
the Strength Features of the Tension 
Test that the significance of the simple 
tension test for so-called ductile metals 
was limited largely to uses in which 
members fail by general yielding 
accompanied by strain hardening, al- 
though the amount of yielding consti- 
tuting failure may vary from a small 
value to a relatively large one. Such a 
failure occurs when a member is made 
of ductile metal, is loaded at ordinary 
temperatures by static loads, and is 
subjected to a state of stress in which 
relatively large shearing stresses can be 
developed. 

The paper by Mr. MacGregor and the 
discussion by Messrs. McAdam and 
Mebs are valuable contributions in 
showing possible methods of modifying 
the simple tension test (as usually made) 
and of interpreting the tension test data 
to reveal additional significant proper- 
ties of materials. It is hoped that by 
such methods the tension test may be 
made significant in rational design pro- 
cedure in a wider range of service con- 
ditions, perhaps under conditions in 
which localized actions are the signifi- 
cant actions associated with failure. 

Mr. Osgood raises the question as to 
overlapping of conditions 3 and 4 under 


which tensile strength values are signifi- 
cant, p.540. It is true that there is some 
overlapping, but it was felt that there 
was an essential difference between the 
two conditions, in that condition 3 does 
not involve localized action, whereas 
condition 4 is concerned mainly with the 
effect of localized action. A deep cir- 
cumferential sharp V-notch in a cylindri- 
cal tension member would perhaps be 
considered to fall under condition 3, and 
a similar shallow notch would be con- 
sidered to fall under condition 4. 

Mr. Osgood also questions the state- 
ment “that in this discussion failure 
by elastic buckling is not considered,” 
p.540. His remarks are well considered 
in the light of his interpretation of the 
statement. But the idea meant to be 
conveyed by the author was entirely 
different from Mr. Osgood’s interpreta- 
tion. The sentence preceding the state- 
ment quoted above emphasizes the fact 
that strength values, such as yield point, 
etc., from the tension test are significant 
when the member fails by general yield- 
ing; these strength values, however, 
would not be significant if, prior to such 
yielding, the member failed because of 
excessive elastic deflection alone or 
because of such deflection that passes on 
into buckling action, and therefore at- 
tention was called to the fact that this 
type of failure was not included in the 
discussion. 

The discussion by Mr. Jones will tend 
to raise doubt in the mind of those who 
like to consider yield point as being an 
inherent property of the material in 
contrast to yield strength which is 
classed as an arbitrary value since the 
offset used in determining it is arbitrarily 
specified. In this connection, atten- 
tion should be called again to the fact 
that a yield point determined in a ten- — 
sion test specimen in which the stress is 
uniformly distributed may have doubt- 


-ful meaning, in fulfilling the requirement 


me 
ra 
Der 
Tt- 
tep 
me 
be- 
for 
or 
ind 
her 
tis- 
be 
r 
ere 
our 
tep 
np- 
ing 
the 
ays 
the 
an- 
the : 
Yer- 
rial 
the 
the 
yua- 
| as 
1 in 
is 
tice, 
and 
ex- 
ugh 
ex- 
the 
the 
Irse, 
4 


in step 3 of the above design proce- 
dure, if the material is used in a mem- 
ber in which the state of stress is more 
complex; for example, a beam made of 
the material will show no yield point. 
The question then is raised as to 
whether, in step 3 of the above design 
procedure, a tension test of a ductile 
_ metal is an appropriate test for so simple 
- a member as a beam. 

Mr. Smith gives convincing evidence 
that a change in the mode of failure of 
_ heat-treated steel from a (ductile) yield- 
ing type of failure to a brittle fracture 


_ type may take place with a change in the 


ratio of the steady stress to the alter- 
nating stress as a member is subjected to 
repeated stress of varying ranges of 
stress. His discussion emphasizes the 
importance of the knowledge of the mode 
of failure as a first step in the procedure 

for a rational design, as indicated at the 
_ beginning of this closing discussion. 

Mr. Riegel also presents valuable 
evidence of the importance of a study 
of failures as a means of determining 
appropriate tests for indicating the suit- 
ability of materials for service. 

Mr. Johnston’s illustration from 
_ Neuber’s work is very welcome. More 
work of this nature needs to be done on 
the mechanics of notches. Likewise his 
observation that the work of Kuntze on 


_ cohesive strength needs further study 


and corroborating is very appropriate. 
It is an encouraging sign also to observe 
in Mr. Johnston’s discussion that at- 
tempts are being made at various places 
to devise tests that are really significant 
under various conditions of service. 

The interesting test described by Mr. 
Collins also is an attempt to devise a 
test which may bring out properties not 
revealed by usual tests. 

Mr. Rutledge brings out well the 
practical problem of making tests serve a 
dual function; he also suggests indi- 
rectly the increasing demand of design 
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engineers for properties corresponding 
to more refined measurements. This 
idea is referred to in Mr. Templin’s dis- 
cussion and is treated later in this dis- 
cussion. 

Mr. Fry’s comment that a yield 
strength was shown but was called a 
yield point refers to a diagram used as a 
slide in the oral presentation of the paper 
but not published as part of the paper. 
In the paper as published the terms are 
used as defined by this Society. 

Mr. Moore points out the importance 
of the effect of triaxial tension on 
strength and ductility properties and 
adds that “no triaxial tension test has 
been devised in which stresses can be 
accurately computed....,’’ and that 
“The development of such a test would 
be a major technical achievement.” In 
fact, there would be considerable value 
and satisfaction in merely knowing 
whether such stresses exist under certain 
conditions. For example, do they fre- 
quently exist at grain boundaries of a 
stressed member particularly at the 
junction of three or more crystals? Do 
they exist at certain types of abrupt 
changes of section (see Mr. Johnston’s 
discussion) or at the edges of internal 
flaws? Are they partly responsible for 
fatigue fractures? Even though they 
cannot be calculated it would be a great 
help to know under what conditions 
they are likely to change the mode of 
failure of a member from ductile yielding 
to brittle fracture. Perhaps further 
analyses and tests similar to those by 
Neuber and Kuntze may yield fruitful 
results. 

Mr. Templin calls attention to the 
tendency of designers to require values 
of yield strength corresponding to very 
small offsets. To determine the signifi- 
cance of very small offsets we must go 
back to step 1 in the procedure for 
design as given at the beginning of this 
closure. What action in the member 
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causes it to fail—to cease to function 
satisfactorily? If yield strength based 
on a relatively large offset (0.1 to 0.2 
per cent) is considered to be the maxi- 
mum utilizable strength of the material, 
the member must be assumed to fail by 
general yielding because a large offset 
is a fairly accurate measure of the actual 
permanent set or “yield.” If, on the 
other hand, a yield strength correspond- 
ing to a very small offset (0.001 to 0.01 
per cent) is considered to be the upper 
limit of useful strength of the material, 
it is not clear what is considered to be 
the action in the member that causes it 
to cease to function satisfactorily and 
hence to fail. It cannot be assumed in 
general that such small offsets are equal 
to the permanent set or “yield”; neither 
can it be assumed, without evidence fur- 
nished by special tests in addition to the 
usual tension test, that they represent 
deviations from the stress-strain curve 
within the elastic action of the material. 
In fact, in this region of small offsets we 
are dealing with an uncertain and indefi- 
nite no-man’s-land condition which is 
difficult to relate, by use of the simple 
tension test alone, to a definite mode of 
failure. The use of a small offset in the 
control of metal processing, as for 
example in determining whether a heat 
treatment has been carried out satisfac- 
torily in stabilizing the material, is not 
here under discussion. 

In closing, the author wishes to ex- 
press his appreciation to all those who 
have contributed so liberally to the dis- 
cussion. An attempt to get at the real 
meaning and significance of test results 
promises much for the future. 

Mr. H. W. (Author’s 
closure)—Mr. Seely’s closure consti- 
tutes the best answer to Mr. Tuckerman. 
In some earlier correspondence Tucker- 
man mentioned that a perfectly analo- 
gous case was Grade A and Grade B 
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milk; that irrespective of whether he 
could stand a lot of “bugs,” by gum 
he was going to buy Grade A milk 
according to A.S.T.M. specifications 
to hold the bug content down. In 
reply, I pointed out that one member 
of my family has been instructed by 
the family doctor not to drink Grade 
A or Grade B, but, instead, to drink 
buttermilk. I do not know anything 
about bacteriology, but I am quite sure 
there are more bugs, of one kind or 
another, in buttermilk than in Grade A 
milk, so that for some circumstances 
your ordinary test may give you a sign 
pointing in the wrong direction. . Mr. 
Tuckerman also brought up his duralu- 
min with only 12 per cent elongation; 
where he was in a position to ride over 
the old specifications, he was willing to 
reduce the specification to 12 per cent 
because he had studied the material 
and thought it was good stuff. He tells 
you that 7-yr. experience thoroughly 
justifies his judgment. There may well 
be many other similar cases, but the 
poor son-of-a-gun who has to buy a 
material on specifications that are sacred 
and taken as such, has no chance to 
exercise such intelligence. I still say 
that when we do not know why we 
draw a certain provision in a specifica- 
tion as we do, we ought to put in a 
footnote saying that we do not know. 

Mr. LEssELts (Chairman’s closure) .— 
It was stated in the Foreword that the 
tension test is one of the oldest and 
most important tests. Although this is 
true the papers and discussions con- 
tained in this Symposium indicate that 
research is extending our frontier of 
knowledge even to this well-known form 
of test and suggest much information 
yet remains to be uncovered. 

The purpose in holding it was ‘“‘to 
allow clarification of certain of the tensile 
characteristics” as an aid to the designer 
and it is to be hoped that the material 
presented has done this, at least in part. 
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AN INVESTIGATION OF THE EFFECT OF RATE OF STRAIN ON THE 
RESULTS OF TENSION TESTS OF METALS © 


Results of tension tests of 14 metals are reported using different speeds of 

- testing. The apparatus used was autographic and employed a duplicate 

apparatus for weighing load—a compression block with carbon-pile com- 

pressometer and, in series with it, a steel tension weigh bar with an electric 

resistance extensometer. Stretch of specimen was measured by means of 

an electric resistance extensometer. Time records were made photographi- 
cally on an oscillograph film by contacts fitted to an electric clock. 

The results of the tests showed appreciable effect of rate of strain on the ten- 
sion test results, but, except for the stainless steel specimens, the amount of 
this variation might be expressed by the statement that a variation of rate 
of strain from N per cent per minute to 2N would introduce a variation not 
greater than 1 per cent in value of yield strength or tensile strength and not 
greater than 3 per cent in elongation or reduction of area, with the exception 
of elongation and reduction of area for the brittle cast metals tested. 

The second part of the paper gives proposed methods for determining rates of 
strain in tension tests using a type of testing machine in common use, not 
equipped with any special control apparatus. An appendix contains a dis- 
cussion of the probable relative effect of variation between results from 
duplicate tests and of variation due to effect of speed on the ratio of rate of 
stretch of specimen to rate of speed of head of testing machine. 


PavL G. Jones' anD H. F. Moore! 


Problems of the proper speed of appli- in studying the strength and toughness 
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cation of load to specimens have caused 
testing engineers concern for many 
years. There is a general notion that 
increased speed of straining increases 
strength values and diminishes ductility 
values, at least for metals. For very 
soft metals, such as lead, rate of straining 
is a very important factor in determining 
mechanical properties, and it seems to be 
of importance in testing cast iron, tim- 
ber, concrete, and probably textiles. 
It may be one of the important factors 


1 Instructor in Theoretical and Applied Mechanics, 
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of plastics. 

At the 1936 meeting of this Society, 
Jones and Richart presented a paper 
on “The Effect of Testing Speed on 
Strength and Elastic Properties of 
Concrete.’”? In 1939 Committee E-1, 
Section on Effect of Speed of Testing, 
began an investigation of effect of speed 
of testing on the tension test results for 
metallic materials, following the general 
method used by Jones and Richart, and 
carried on by Jones in the Talbot 
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Materials Testing Laboratory of the 
University of Illinois under the im- 
mediate supervision of Prof. H. F. 


Moore. 
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Speed Effect in Material and in Testing 
Apparatus: 


The effect of speed of loading or of rate 
of strain on the results of ordinary ten- 
sion tests may be separated into three 
parts: (1) variation in results due to 
inertia effects in the testing machine or 
in the strain-measuring apparatus, (2) 
variation due to personal equation of the 
testing machine operator, and (3) varia- 
tion in the tensile properties of a mate- 
rial under different rates of strain. It 
is the third of these causes of variation 
which is to be studied. Very little can 
be said about the personal equation of 
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testing machine operators, except that 
it may cause a considerable deviation of 
results, especially in testing machines 
with a beam-balance weighing mecha- 
nism, which is the type of testing 
machine still most widely used in the 
United States, although machines with 
self-indicating weighing devices are fast 
coming into use. To avoid variations 
due to personal equation of operator the 
testing machine used in a study of effect 
of rate of strain should be fitted with a 
self-indicating and recording weighing 
mechanism. 

There is a good deal of experience 
available to show that the rate of strain 
in a specimen for a given nominal speed 
of head of testing machine varies appre- 
ciably for different testing machines, 
for different types of grips, for different 
grips of the same type, for different 
materials, and for different types and 
lengths of specimens. 

Since, then, the most important object 
of the tests described in this paper was 
to investigate the effect of rate of strain 
upon the yield strength, tensile strength, 
elongation, and reduction of area of 
tension test specimens of a variety of 
metals, the testing apparatus used gave 
autographic records on a time base for 
loads and stretches and was designed to 
reduce inertia of parts of the measuring 
and recording apparatus to a minimum. 


Materials and Specimens: 


A.S.T.M. standard $-in. tension speci- 
mens’ with a 2-in. gage length were used 
in all the tests to determine effect of 
rate of strain. Tests were made on 
specimens of the metals shown in 
Table I. 


Description of Tests: 
The tests were made in a 200,000-lb. 
capacity Riehlé screw-power testing 


*Standard Methods of Tension Testing of Metallic 
Materials (E 8 - 36), 1939 Book of A.S.T.M. Standards, 
Part I, p. 750. 
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machine, using the available free run- 
ning head speeds of 0.05, 0.40, 1.0 and 
8.0 in. per min. 

The elongation of the specimen over 
a 2-in. gage length was measured by a 
strain gage shown in Fig. 1, which mea- 
sures the change in drop of potential 
which occurs when a contact is moved 
along a resistance wire. Resistance 
wires were mounted to each of two in- 
sulating blocks, which were in turn 
fastened to opposite sides of a yoke by 


Thus as the specimen elongated, in- 
creasing the distance between the yokes, 
the contacts were allowed to slide over 
the resistance wires which, when con- 
nected to a voltage supply, would pro- 
duce a changing potential at the 
contacts. This potential was meas- 
ured by means of an oscillograph. It 
was found that the resistance wires 
used were very uniform in resistance per 
unit of length, resulting in a linear 
relationship between change in potential 


TABLE I.—METALS TESTED IN INVESTIGATION OF EFFECT OF SPEED OF TESTING. 


Approximate Chemical Composition, per cent 


| Phosphorus 


a 
° 


= 


how -alloy steel poorer’... 
A.E. 1045 steel. . 
“AE. 1020 steel 


Stainless steel (18-8) 


25 


Electrolytic copper, com- 
mercially har 
Copper, hot-rolled 


Monel metal, 
cold-drawn 


Duralumin, 17S-T 
Sand-cast aluminum alloy) 
Chill-cast aluminum 


annealed, 


Drawn magnesium allo’ 
(Dowmetal J) 

Cast magnesium alloy 
(Dowmetal H) 


Brass, soft temper......... 


. 169.69 


(69.71 


remainder 
remainder 
remainder 


remainder 


0.50 
0.05 


remainder |....| . 
remainder |....| .... 


. | remainder 6.50 


. | remainder 6.02 


? Probably contains a small content of selenium or molybdenum. 


Titanium, 0.2 per cent. 


means of steel springs. The yoke was 
fastened to the specimen with three 
pointed screws, one of which was pressed 
against the specimen by a coil spring so 
that as the cross-section of the specimen 
diminished under axial tensile load the 
extensometer would not fall off from 
the specimen. The resistance wires 
pressed against contacts which were 
fastened to, but insulated from, another 
yoke which was also fastened to the 
specimen with three pointed screws. 


| 


at the contacts and displacement of the 


contacts. The sensitivity of this gage 
was very flexible, since it was a function 
of the voltage supply used and of the 
sensitivity of the oscillograph element. 
With the highest sensitivity used in ob- 
taining yield strength of some of the 
non-ferrous metals, a strain of 0.00005 
in. per inch (0.005 per cent) was rep- 
resented by 0.01-in. ordinate on the 
oscillograph record. Successive calibra- 
tions at this sensitivity showed less than 


: 
= 
- 08 0.27 0.020 0.80 0.41 | 1.01)... 
f 
0.3|....|....| 5.0 | 0.4 0.8 b 
0.01 fi .|30.21,0.07 
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ile telemeter for measuring lateral expansion under load. 
i ighbar fitted with a resistance-type extensometer. 
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D. Wires leading to batteries and log 


A. Compression block for measuring load, fitted with a Peters 
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1 per cent variation. The strain gage 
remained on the specimen through 
rupture, and frequent calibrations were 
made to insure proper adjustment. 

The rate of change in strain-rate in 
the 2-in. gage length even for the highest 
speed of head used is not very great and 
it is felt that there is little danger of 
inertia effects entering into the measure- 
ment of strain. However for load 
measurement it is different. The transi- 
tion from the elastic (zero load to yield) 
to the plastic state (yield to fracture) 
of mild steel causes a high rate of change 
in load rate. (There is probably also a 
high rate of change in wnit strain rate in 
localized parts of the specimen but not 
over the 2-in. gage length.) This high 
rate of change in load rate at the yield 
point of mild steel may cause consider- 
able error in measurements of load 
taken by the apparatus in which there is 
appreciable inertia effect. 

For this reason two independent 
methods of measuring load were used, 
each of which, it is felt, involves very 
little inertia effect. In one method a 
telemeter pressure block was employed. 
The telemeter gage consists of a series 
of contacts between a pile of thin carbon 
disks which when compressed undergo a 
measurable change in electrical resist- 
ance. This change in resistance is 
utilized in a simple Wheatstone bridge 
circuit. The displacement of the disks 
is produced by the lateral expansion of a 
steel cylinder which transmits the load. 
Since the loading block operates in 
compression, it was necessary to use a 
saddle arrangement to obtain tension 
in the specimen (Fig. 2). The sen- 
sitivity of this block could be changed 
by means of shunts across the oscillo- 
graph element. The maximum sensi- 
tivity used with this block was about 
30-lb. load on the specimen (correspond- 
ing to 0.01-in. ordinate on an oscillo- 
graph record). 


JONES AND Moore 


The second method of measuring load 
consisted of a steel weigh bar 18 in. 
long with a reduced section over a gage 
length of 10 in. This weigh bar was 
connected in series with the specimen 
and the telemeter load-weighing device. 
The strain in the 10-in. gage length was 
measured in a manner very similar to 
that used in measuring the strain in the 
2-in. gage length on the specimen, that 
is, by the use of a sliding contact over 
a resistance wire. Since the maximum 
stress produced in the weigh bar was 
well within the elastic range of the 
material, load was proportional to the 
stretch of the weigh bar. The maximum 
sensitivity used with the weigh bar was 
about 25 lb. load on the specimen 
(corresponding to 0.01 in. ordinate on 
the oscillograph record). 

Due to the shock at fracture of a 
specimen, frequent calibrations of the 
two load-measuring devices—telemeter 
and weigh bar—were deemed necessary. 
Calibrations were made against the 
load indicated by the weighing beam of 
the testing machine, which was found 
to be sensitive to 10 lb. In addition to 
these over-all calibrations, several check 
readings were taken on both telemeter 
and weigh bar by loading a dummy 
specimen before each test of a regular 
specimen. 

The difference in strength values as 
obtained from the two load-measuring 
devices averaged about 2 per cent (1 
per cent from the mean value). There 
was found to be no definite increase in 
the difference between the strength 
values indicated by the two gages with 
an increase in loading rate; therefore, if 
the readings of the load gages are affected 
by speed of testing then this effect must 
be approximately the same for each gage. 
However, it is hardly likely that two 
gages utilizing different principles of 
operation would be subject to the same 
speed effect. It is concluded that 
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neither gage is appreciably affected by 
the rate at which it is loaded. 

The load and strain measurements 
were recorded by means of a four- 
element oscillograph equipped with 
super-sensitive galvanometer elements 
of the oil-well type. The damped fre- 
quency of these elements is about 250 
cycles per second. For the wave fronts 
produced in these tests the amount of 
over-shooting was negligible. It is real- 
ized, of course, that this method of 
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clock fitted with contacts giving impulses 
at intervals of 0.02 min. For the higher 
speeds, a 60-cycle alternating current 
was used as a timing wave. 
Oscillograph Records of Tests! 
Figure 3 shows a typical oscillograph 
record for a S.A.E. 1020 steel tested at a 
nominal head speed of 8 in. per min. 
The timing wave is at the top of the 
diagram, each impulse representing 1.2 
sec. as noted. The curves represent 


Resistance Wire 


Nominal Speed of 
Head — 8 in per min, 


— » 


Fic. 3.—Typical Oscillograph Record. 


recording would be unsuitable for ex- 
tremely high rates of loading. The 
camera recording the deflection of these 
elements was driven ‘by a 12-v. d.c. 
motor to provide the speeds of 0.35 to 
200 in. per min. used in the tests. The 
light source used consisted of a 6 to 8 v., 

2.5 amp. gas-filled oscillograph lamp 
which gave sufficient intensity of light 
to register on grade A Insurance Bromide 
paper. A timing wave on the oscillo- 
graph record was produced by an electric 


load-time and _ stretch-time relations. 
If the stretch-time relation were linear, 
the two load-time diagrams would also 
represent load-deformation. However, 
the stretch-time diagram is not a straight 
line as can be noted but approximates a 
straight line in the plastic region. 

For those steels which had well-de- 
fined yield points a sensitive strain gage 
was not needed. In obtaining yield 
strengths of the non-ferrous metals, 
some tests were run in which a more 
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sensitive strain gage and higher camera 
speeds were used. For these tests over- 
all load-time and stretch-time curves 
were not obtained. In other tests the 
strain gage was modified so that its 
sensitivity was automatically changed 
after the yield strength had been passed. 
This change in sensitivity of the strain 
gage was achieved by making electrical 
connection to the resistance wire at the 
position of the sliding contact when the 
yield strength was passed. By arrang- 
ing the electrical circuit so that part 
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various metals and the rates of strain 
in the elastic region. This rate of strain 
represents the average rate in the region 
from about one-half to three-fourths 
the yield strength value for the different 
materials. For convenience in plotting 
the wide ranges of strain rate, a logarith- 
mic scale is used for abscissas. The 
general trend shows an increased yield 
strength with increase in strain rate. 
Exceptions to this are the soft-temper 
brass and the duralumin which show no 
definite change and the cast Dowmetal 
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of the wire carried considerably higher 
current than the other part, the two 
sensitivities were obtained. 

By taking simultaneous readings of 
load deflection and strain deflection from 
the oscillograph records and referring 
to the proper calibration curve, data for 
stress-strain diagrams were obtained. 


Relation of Properties to Rate of Strain: 
Yield Point and Yield Strength— 


Figure 4 shows the relation between 
the yield point and yield strength of the 


Fic. 4.—Effect of Rate of Strain on Yield Strength. 


which indicates a decrease in strength 
with increased strain rate. Concerning 
the yield point of the steels there is a 
greater difference in upper and lower 
yield point for the Corten than for the 
other steels. The Corten was tested 
without the use of the weigh bar load 
gage. It is noted that there is less effect 
of speed on the lower yield point than 
on the upper yield point. 

Tensile Strength—Figure 5 shows the 
relation between the ultimate tensile 
strength and the rate of strain at the 


Tensile Strength, psi 


ul 
Wi 
7 
= 
| 
30000 
= 
10000 
0.01 10 
| 
. st 


On EFFECT OF RATE OF STRAIN ON TENSION TESTS 617 


ultimate strength. The rate of strain with increase in strain rate. The rela- 
was found from the slope of the strain- tively low strength of the cast Dowmetal 
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Fic. 5.—Effect of Rate of Strain on Tensile Strength. 
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Fic. 6.—Effect of Rate of Strain on Elongation. 


time diagram in the region of the ultimate under high speed may be explained by 
strength. With the exception of the microscopic flaws in the material. 
drawn and the cast Dowmetal, all of the Elongation.—The relation between 
materials show an — strength percentage elongation and rate of strain 
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at fracture is shown in Fig. 6. The rate as that at the ultimate strength. For 
of strain was obtained from the slope the other materials it was higher, and 
of the strain-rate curve immediately for some the rate in inches per minute 
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Fic. 7.—Effect of Rate of Strain on Reduction of Area. 


TABLE II.—PERCENTAGE CHANGE IN MECHANICAL PROPERTIES FOR CHANGES OF TWO-FOLD (2x), 
. FOUR-FOLD (4X), AND EIGHT-FOLD (8X) INCREASE IN RATE OF STRAIN. 


| 
Upper Yield | Yield | Tensile Elongation | Reduction 


° Strength, | in 2in., per | of Area, per 


2x | 4x | 8x | 2x | 4x | 8x | 2x | 4x | 8X 
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| 
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ag ~ @ For, the low-alloy steel the S.A.E. 1045 steel and the S.A. E. 1020 steel the lower yield point and the yield strength are 
considered to be the same. Yield strength for the stainless steel and for the non-ferrous metals was determined by an 


offset of 0.2 per cent from the straight-line portion of the stress-strain diagram (except for hard-drawn copper for which 
an offset of 0.1 per cent was used). 


before fracture. For the materials which for the 2-in. gage length was even higher 
showed no “necking down,” this rate than the nominal speed of head. This, 
of strain was approximately the same however, can be expected since the load 
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was rapidly decreasing icausing elastic 
recovery in the machine, weigh bar, 
etc. The elongation was found from a 
measurement of the gage length after 
rupture. The cast aluminum alloys and 
the hard-drawn copper %how increased 
elongation while all the ‘other materials 
show a decreased elongation with in- 
crease in strain rate. { 

Reduction of Area.—Fifure 7 shows the 
relation between reductjon of area and 
rate of strain at fracture. The reduction 
in area for any one matfrial follows the 
same general trend as does the elonga- 
tion. 


Results of Tests at Four ‘Different Speeds 
of Testing: 


It is evident from a glance at Figs. 4 
to 7, inclusive, that a jarge change in 
rate of strain causes a jrelatively small 
change in the tension te$t results for the 
metals tested. That mfans that in any 
specifications for rate pf strain to be 
allowed for any test w§#le tolerance for 
deviations from the pre¢-ise rate desired 
will be allowable. Fron: the data shown 
in Figs. 4 to 7, inclusive, Table II has 
been compiled, showing the percentage 
change in the properties of the metals 
tested due to doubling, quadrupling, and 
increasing eight-fold the rate of strain. 
The values in Table If were computed 
on the assumption that Jor speeds within 
the range of reliable aciJon of the weigh- 
ing mechanism the cha*ige of properties 
was proportional to the logarithm of 
the rate of strain. ‘The illustrations 
show that this is quite closely true up 
to head speeds of 2 in. or over, and for 
accurate behavior in tests of metals on a 
commercial testing machine speeds 
should not be higher than this, else the 
weighing beam cannot pe kept in proper 
balance, or, for a self-inglicating weighing 
mechanism the pointer?is likely to move 
“jumpily.” 
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Again examining Table II it is seen 
that for the steels tested the largest 
variations of values for varying rates of 
strain are found in the upper yield point 
—the yield point as determined by the 
“drop of the beam.” For steels which 
have a yield point, the lower yield point 
and the yield strength as determined by 
an offset from the straight-line part of a 
stress-strain diagram may, without seri- 
ous error, be regarded as having the 
same value. The elongation in 2 in. 
seems to be more affected by change of 
rate of strain than any other of the 
properties, while the reduction of area 
is slightly affected even by an eight-fold 
increase in rate of strain. 

It is not the function of the authors 
to specify what tolerances are suitable 
for rates of strain. They would point 
out, however, that for the steels, if it 
were specified that the rate of strain 
should be not less than WN per cent per 
minute and not greater than 2N, .the 
effect on test results would be small 
and that it would not be very serious 
even for a tolerance from WN to 4N. 
Tensile strength values and reduction 
of area values for the steels tested 
would not be very seriously affected 
even if the limits of rate of strain were 
set at NV and 8N per cent per minute, 
respectively. 

Examining the changes in properties 
of the non-ferrous metals tested, the 
values of yield strength seem relatively 
little affected by change of rate of strain, 
nor do the values for tensile strength and 
elongation in 2 in., with the exception of 
the cast aluminum alloys and the cast 
magnesium alloy, whose elongation 
seems to be relatively sensitive to 
changes in rate of strain. The reduc- 
tion of area for these three metals seems 


to be seriously affected by change of © 
rate of strain 
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Relation of Speed of Head of Testing 

Machine to Rate of Strain: 

The custom of judging speed of testing 
by speed of head of testing machine has 
become pretty well fixed in the minds of 
American testing machine operators. 


used, and usually there are four, six, 
or eight speeds of head available, 
through gear changes. The speed of 
head can be readily predicted for a 
screw-power machine, but not very 
closely controlled. By way of contrast 


TABLE III.—RATIO (R) OF RATE OF STRETCH OF SPECIMEN IN GAGE LENGTH TO SPEED OF 
HEAD OF TESTING MACHINE. 
Each tabulated value is the average of two test results on duplicate specimens. 
Values of R are given in per cent. 


Ratio of Rate of Stretch to Speed of Head 
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Testing Machine Steel Steel* 
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@ The term “‘elastic’’ applies to the range 7: load from abo 


ut one-third the yield strength to yield strength. The term 


“plastic” applies to the range of load in the region of ‘‘ultimate”’ (maximum) load. 


This is largely because at the present 
time the majority of testing machines in 
commercial service in this country are 
screw-power machines with a balance 
beam for weighing the load. The speed 
of head is fixed by the train of gears 


in a hydraulic press type of testing 
machine the speed of head can be very 
closely controlled but not so accurately 
predicted as in a screw-power machine 
in good mechanical condition. 

A series of tests was run in the Talbot 
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Laboratory at the Uniyersity of Illinois 
to study the relation hetween speed of 
head of screw-power testing machines 
and rate of strain in a tension test 
specimen. The following variables were 
studied: 

Testing Machine.— du) a 100,000-lb. 
2-screw Riehlé machin¢ which has been 
in service about 35 yr.4(2) a 100,000-lb. 
3-screw Olsen machind which has been 
in service about 19 fyr.; and (3) a 
50,000 Riehlé 2-screw§ machine which 
has been in service about 28 yr. 

Grips.—For each machine tests were 
made with wedge grips and with 
shouldered grips. 

Length of Specimen.—Tests were made 
on specimens with 8-in. gage length and 
on specimens with 2-in. gage length. 

Metals. —S.A.E. 1020 steel, S.A.E. 
1045 steel, duralumin!(17 S-T), hard- 
drawn brass, hard-drawn copper. 

Speeds of Head.—The slowest speed 
and the highest pulling speed were used 
on each machine. 

The rate of strain was measured by 
the same resistance extensometer and 
oscillograph combination described in a 
previous paragraph. A similar device 
was used to measure actual speed of 
head as distinguished from nominal, but 
for these machines the ratio of actual 
and nominal speeds pf head for any 
given metal was found to be nearly 
constant. During thq “plastic stage” 
(yield to fracture) te ratio is very 
nearly unity. 

Table III shows th@ ratios of rate of 
specimen stretch in tJe gage length to 
rate of nominal speec of head for the 
various combinations of testing ma- 
chines, speeds of head, gripping devices, 
gage lengths of specimen, and different 
metals. These ratios are expressed in 
per cent. 

A study of this table will show that 
the ratio of rate of specimen stretch to 
speed of head varies with different 


machines, different grips in a machine, 
different gage lengths of specimen, and 
different metals. For the two speeds 
used with any machine, the ratio, in 
general, is fairly constant, with some 
distinct exceptions, especially for brass 
specimens tested to the ultimate strength 
using wedge grips.* This means that 
while rate of strain cannot be predicted 
directly from speed of head of testing 
machine, if the ratio between rate of 
strain and speed of head is experi- 
mentally established for one speed of 
head it can be predicted with fair ac- 
curacy for any other speed of head at 
which the weighing apparatus of the 
machine will behave properly. A fur- 
ther study of the constancy of the ratio 
of rate of specimen stretch to speed of 
head is given in an appendix to this 
paper.® 


Proposed Methods of Determining Speed 
to Be Used for Tension Tests: 


Machines with Automatic Control of 
Rate of Strain or Rate of Loading.— 
Several makers of testing machines now 
have on the market machines fitted with 
automatic devices for control of rate of 
strain, rate of loading, or speed of head — 
to any desired value within a consider- 
able range. The problem of testing at 
proper rates of strain is much simplified 
when such devices are available. The | 
authors have not had sufficient 
experience with them on which to base 


a reliable judgment of their accuracy, ~ 


ruggedness, and service under severe 
laboratory conditions. It seems prob- 
able that they will come into wider use 
in the future. The remainder of this 
discussion will concern itself with test- 


4 One conclusion which the authors drew from these © 


tests was that hard-drawn brass rod should not be tested 


using wedge grips. The ends of thespecimen are mashed, 
erratic slipping takes place, and the specimen frequently 
slips out of the grips or breaks near one of the grips outside 
the gage line. 

5 See p. 623. 
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‘ing machines not fitted with such auto- 


matic controls. 

_ Speed of Testing Up to Yield Strength.— 
It is usually convenient to take advan- 
tage of the approximate constancy of 
ratio between stress and strain up to 
yield strength. The rate of loading can 
then be used as a measure of rate of 
strain, using the equation: 


100P 
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where: 
R = rate of strain in per cent per 
minute, 
change of load in pounds for a 
period of ¢ minutes,® 
area of cross-section of specimen 
in square inches, and 
modulus of elasticity of material 
in pounds per square inch. 
Consider first the screw-power ma- 
chine with a balance beam for weighing 
load. A specimen of the lot to be tested 
is placed in the grips, the machine run 
at its lowest speed of head, and with a 
stop watch, the interval measured from 
the time the load reaches a value corre- 
sponding to (say) one-third the estimated 
yield strength to the time when the load 
reaches a value (say) two-thirds the 
estimated yield strength. From this 
measurement, assuming a constant ratio 
of head speed to rate of strain, R may be 
computed and the speed of head adjusted 
to give a rate of strain within the limits 
which may be set for the material to be 
tested. This method is essentially the 
same as that proposed by Withey in his 
report on the yield point of structural 


steel.’ 


* At the beginning of a tension test on a screw-power 
machine the rate of loading is not constant, but increases 
with the load. As the load increases, the rate of loading 
approaches uniformity. In the tests herein reported, 
except the tests of cast metal, soft-temper brass, and hot- 
rolled copper for a given speed of head, the rate of loading 

me practically constant above a load one-third to 
one-half of the yield strength load. 

7 Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, 
p. 139 (1931); Vol. 37, Part I, p. 87 (1937). 


Consider next the machine, either hy- 
draulic or screw power, with a self- 
indicating load-weighing mechanism. 
Many such machines are equipped with a 
timing dial, which moves a pointer, a 
spot of light, or a disk with dots on it 
at a controllable rate of speed. The dial 
is set in motion at the rate of loading 
which corresponds to the desired value of 
R, and the gears of the screw-power 
machine are set to give the motion of 
the load-indicating pointer as nearly as 
possible the same velocity as the timing 
disk. Ifa hydraulic machine is used the 
speed is adjusted by manipulating the 
valves until the motion of the load-indi- 
cating pointer synchronizes with that of 
the timing disk. 

If the machine is not equipped with a 
timing disk the method outlined for the 
screw-power machine with a balance 
beam may be followed. The load is then 
read directly from the load-indicating 
dial. 

Speed of Testing from Yield Strength to 
Fracture.—The effect of speed of testing 
upon tensile properties is, in general, less 
above the yield strength than below it, 
except for the stainless steel and the cast 
metals with relatively low ductility. 
However speed of testing does have some 
effect especially on the elongation after 
fracture. Methods of making tests in 
that region within a given range of rates 
of strain seem worthy of consideration. 

Consider first tests with a screw-power 
testing machine. The time _ which 
elapses between yield strength and frac- 
ture may be measured by means of a 
watch, using a speed of head which, it is 
estimated, gives approximately the de- 
sired rate of strain. From the elonga- 
tion of the specimen after fracture and 
the time noted from yield strength to 
fracture the average rate of strain in the 
plastic range of strain may be determined 
with a fair degree of accuracy. The rate 
of strain corresponding to each available 
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speed of head of testing machine may 
then be computed on the assumption 
that rate of strain is proportional to 
speed of head. Then that speed of head 
can be selected which will give most 

closely the desired rate of strain. 
Consider next tests with a hydraulic 
testing machine. In jmost hydraulic 
machines one or more ofgthe valve wheels 
is graduated so that chplicate settings 
can be made. After thg@oil in the testing 
machine cylinder has ben warmed up by 
running the head up and down, or by 
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making a few dummy tests, there is usu- 
ally a fairly good correlation between 
setting of valve wheel and speed of head 
of testing machine. This correlation 
may well be checked for one or two set- 
tings before starting a series of tests. 
Using the valve setting to determine the 
speed of head, the rate of strain in the 
plastic range for any speed of head may 
be determined as in the case of the screw- 
power machine. Then the speed of head 
to give the desired rate of strain may be 
computed and the proper valve setting 
for the test determined. 


VARIATION FROM THE MEAN VALUE OF THE RATIO OF RATE OF STRETCH TO SPEED OF 
HEap IN TEsts AT DIFFERENT SPEEDS AND IN DUPLICATE TESTS 


In this further study of the ratio between 
rate of stretch of he and speed of 


head of testing machine 
bols will be used: 

R = the ratio of rate @f stretch of speci- 
men to nominai speed of head of 
testing machine in inches per 
minute, 

the above ratio for the fastest 
speed used with a given testing 


machine, and , 
the above ratia§ for the slowest 

speed used wit the same testing 

machine. 
Taking all the values of JJ, and Ry given in 
Table III, the average “alue of R;/R, is 
found to be 1.02 or 102 per cent. However, 
there are wide variations from this mean 
value in the case of individual tests. 

It is felt that these variations from mean 
value are not to be attributed wholly to 
the varying speeds of testing for different 
tests. Light is thrown on this point by a 
comparison of the average deviation from 
the mean value of R for$%wo arrangements 
of the test data: (1) An arrangement in 
which is studied the average deviation of 
average values of two tests for each of two 


e following sym- 


speeds for each testing machine (data given 


in Table III), and (2) an arrangement in 
which is studied the deviation from the 


mean of the value of R for each of the two 


specimens in each pair of duplicate tests 
made (data not given in Table III, only 
the average for each duplicate pair of tests, 
data on file at the Talbot Laboratory). 

For the two speeds for each machine the 
upper part of Table IV shows the average 
values of deviation R from the mean value 
for different metals, different gage lengths 
and different grips. The general average of 
this deviation is 6.86 per cent. 

The lower part of Table IV shows the 
deviation of R for duplicate tests of speci- 
mens with speed, gage length, machine, and 
metal the same for each specimen of a pair. 
The general average of this deviation from 
the mean is 8.03 per cent. 


Now it seems to the authors that these | 


figures indicate that the effect of varying 
speed on variation of values of R was not 
greater than the effect of variation of metal 
in the duplicate specimens of a pair. 

In connection with Table IV attention is 
called once more to Table II. From the 


values in Table IT it is seen that even if an . 
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error as high as the greatest deviation in 
Table IV (23.2 per cent) were introduced 
into the rate of strain, the effect on any of 
the mechanical properties of any of the 
metals tested would be less than 1.65 per 
cent (except for the rather uncertain small 


reduction of area for the cast aluminum 
alloys and the cast magnesium alloy). 
This figure is based on the approximate 
proportionality of change in mechanical 
property value to the logarithm of the 
change in rate of strain. 


TABLE IV.—AVERAGE FOR THREE TESTING MACHINES OF THE DEVIATION FROM THE 
MEAN VALUE OF R. 


Values are given in per cent. 


Metal 


S.A.E. 1020 
Steel 


S.A.E. 


| Duralumin | Brass® Copper 


Stee 


Elastic! Plastic 
Range | Range 


Elastic Elas- 
Range Range 


Elas- | Plas- 
_ tic | tic 


Elastic | Plastic 
Range Range 


| 
tic ge | Range 


Range, 


AVERAGE OF Two Tests For Two SpeEDs (computed from data in Table III). 


3.26 
2.69 


6.09 
15.80 


6.97 


4.54 
7.14 


4.72 
12.70 


7.28 


Shouldered 
Shouldered 


Average 


0.34 
4.79 


5.88 
3.93 


3.72 


0.55 
| 5.66 


8.83 
8.39 


5.85 


12.96 
13.50 


5.60 
3.76 


8.95 


Average, 6.86 


DEVIATION FROM MEAN For Parrs oF Dupticate TESTS. 


2.12 
6.47 


7.05 
5.32 


5.24 


Shouldered 
Shouldered 


2.53 | 
3.66 | 


8.74 
13.50 


7.08 


6.26 | 3.54 
8.43 her 


2.72 | 8.91 
14.20 | 7.08 


7.90 | 6.30 


10.00 
5.59 


7.29 
8.86 


7.92 


General Average, 8.03 


® The tests of hard-drawn brass rod held in wedge grips showed so much slipping in grips and mashing of ends of speci- 
men that the results of all tests on brass rod have been omitted from this table, since to include some values for brass and 


exclude others would unbalance the general average. 


[See joint discussion on Effect of Speed of Testing, p. 637.—Ed.] ae, 
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SPEED IN Se TESTING AND ITS INFLUENCE ON YIELD ona 


The results of over 300 tension tests made at various speeds and on a num- 
ber of testing machines are studied to observe how the rate of pulling affects 
the value found for the yield point. Some attention is also given to the effect 
of speed on the value found for the tensile strength. 

It is shown that within the range of pulling speeds normally available, the 
influence of speed oh the value of the tensile strength is practically negligible. 

The influence of th¢ rate of pulling on the yield point is much greater. The 
figures indicate thaf with a tenfold increase in the rate of straining, the in- 
crease in the value Yound for the yield point will be about 7000 psi. in a 2-in. 
gage length specimen and about 2500 psi. in specimens with 8-in. gage lengths. 

Even with careful and uniform testing practice, there is considerable 
scatter in the value found for the yield point of specimens from the same 
material. A scatter of 3000 psi. about a mean yield point value of 47,000 psi. 
is not unusual. Deviations are likely to fall below the true yield point value, 
rather than above. 

In view of the dependence of the value of the yield point on the rate at 
which the test is pulled, limitation of testing machine speed is a proper re- 
quirement in acc@ptance specifications. The test data show that with 
constant crosshead $peed, the rate of load application, below the yield point, 
varies as the load@is applied. For use in calibrating screw-driven testing 
machines the idea Hf the mechanical modulus of the machine is developed. 

This connects the rate of loading or rate of straining of the specimen at any 

load with the rate of crosshead travel. By definition, the modulus is the 
instantaneous rate 4f change of the load in pounds of load added per inch of 

crosshead travel. The value of the modulus varies with the load, but for : 
any given load is independent of the crosshead speed. Velie 


SYNOPSIS 


Many of the acceptance specifications 
under the jurisdiction pf the Society’s 
Committee A-1 on Stel call for deter- 
mination of the yieldgpoint. In this 
paper, the results obtairf-d in the routine 
testing used in the apy§ication of these 
specifications are stu@ied. Attention 
is directed only to those materials which 


1 | Rallway Engineer, Edgewater Steel Co., Pittsburgh, 


have a true yield point. 
particularly to the milder structural 
steels and to wrought iron. As the late 
J. A. Capp pointed out, nature has been 
kind to the man who tests these mate- 
rials. Their stress-strain curve shows a 
well-marked jog just beyond the nomi- 
nally straight-line portion of the curve. 
As a result of this juxtaposition, the 
determination of the jog, or vield point, 


This 
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in routine testing furnishes a convenient 
check on a property of the material 
which is useful to the design engineer. 


‘The jog marks the Yield Point, which is 
_ defined as the stress at which there 


< 


4000 


occurs a sudden increase of strain with- 
out corresponding increase in stress. 
Long after determination of the yield 
point had become standard procedure in 
tension testing, testing engineers were 
confronted with the problem of handling 
newer alloy steels and non-ferrous metals 
whose stress-strain curves have no jog. 
The curves bend over smoothly and may 
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had not infringed so closely on the old 
established name. Our concern here is 
with the Yield Point, a physical charac- 
teristic of the sharp-kneed materials, 
and not with the arbitrary and artificial 
Yield Strength. 

It is known that the value found for 
the yield point of a material depends on 
the speed at which the test specimen is 
pulled. Study of the relation between 
the two involves consideration of two 
factors: (1) the relation which the rate 
of straining of the specimen bears to the 
value found for the yield point, and (2) 


| 


Tensile 


Strength A-68800 psi. 
8 -67,.900psi. 


>> 


| 


Fic. 1.—Comparison of Sharp-Kneed and Smooth Stress-Strain Curves. 


=~ 0.004-in. 


Extension in 2-in.Gage Length, in 


Specimen 0.505 in. in diameter by 2-in. gage length. 


or may not show an initial straight line. 
An example of the sharp-kneed curve 
with a jog marking the yield point is 
shown in Fig. 1, together with an 
example of the smooth continuous curve. 
The testing engineer, with the example 
of the sharp-kneed materials before 
him, has endeavored to repair nature’s 
neglect of the smooth curve materials by 
inventing the so-called Yield Strength, 
with values set up on an arbitrary basis. 
The Yield Strength may serve a purpose 
similar to that of the Yield Point, but 
the two are entirely distinct. Confu- 
sion would have been avoided if the 
sponsor of Yield Strength had recog- 
nized that no real vield is involved and 


the effects which design of testing 
machine and type of test specimen have 
on the rate of straining produced by a 
given crosshead speed. At a_ given 
crosshead speed two different machines 
with the same test specimen, or the same 
machine with two different types of 
specimen, may give entirely different 
rates of straining with the same cross- 
head speed. The data available for the 
paper show the relation between rate 
of straining and yield point values as 
found in over 200 individual deter- 
minations made on 30 testing machines 
of various types operated under widely 
varying conditions. 
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Scatter in Yield Point V Que: 


Before considering the data as a whole, 
it is desirable to consider the degree of 
precision secured in the measurement of 
the yield point under normal conditions 
of routine testing. 

In Fig. 2 are plotted*three series of 
tests made with the same‘material. The 
specimens were standard 3-in. diameter, 
2-in. gage length specimens. The tests 
were made by careful observers under 
conditions which were {iniform except 
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three machines were each run at a differ- 
ent speed. 

Values for the tensile strengths are 
also plotted for each series. It is at 
once evident that with uniform material 
tested by a single observer under exactly 
similar conditions, the value of the 
tensile strength is much more precise 
than that of the yield point. With the 
same machine and the same speed the 
yield point values may have a scatter of 
3000 psi. about a mean value of 47,000 
psi. For the tensile strengths the scat- 
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30000 — Series X- + 


| T T 
(SL) Tests on /00 000-/b. Riehle Machine 
(SE) Tests on 60 000-/b. Southwark Machine 
! (SO) Tests on 100 000-/b. Riehle Machine 
I Tests on 100 000-/b. O/sen Machine 
Series Y - on 200 000-/b. Olsen Machine 


0.15 


020 030 040 


-1.6 


060 080 | 
! Rate of. Straining, percent per min. 
-1.8 
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0.2 0.4 


7 Logarithm of Rate of Straining, per cent per min. 


Fe 2.—Relative §pread of Yield Point and Tensile Strength Determinations. 


for the variations in sped. The tests 
of series X and Y were fade by a single 
observer using a different machine for 
each series. At each speed six speci- 
mens were pulled in series X and three 
in series Y. The plot shows by the 
length of the vertical line the range of 
values observed at each speed. The 
mean value is also marked. The third 
series of tests, marked §L, SE and SD, 
is made up of results reported by three 
observers, each using$his individual 
machine. On each macfine three speci- 
mens were pulled at a sitfgle speed. The 


ter is only about 600 psi. about a mean 
value of about 72,000 psi. 
Undoubtedly the greater scatter of 
the yield point values is due to the 
nature of the yield. As the specimen 
reaches its ultimate strength, it is 
stretching plastically and uniformly. 
The stress is measured under conditions 
which are essentially stable. The yield 
point, however, is measured under en- 
tirely different conditions. The metal 
is strained elastically at first, but as the 
yield point is approached the elastic 
condition becomes unstable. At some 
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60000 
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50000 4 
|| 
* +114 Ja | a 
&.40000 
35000 
5 Tests on 20000-lb. Olsen Screw | | Stee! |. 
(b) 
* 200 00016, Southwark Mochine Specimens /g-in.diam. by 8-in.gage 
| 
© Jests on 400 000-/b. Riehle Machine | 
35000 j +--+ + + Jests on 200 000-/b. Southwark Machine —— 
Tests 60 000-1. Southwark Machine 
30000 | |_| @ | | 
40000 @ Research Committee on Yield Point of — 
Structural Stee/ 1928 
35000 
0.04 0.06 0.08 O15; 020 040 0.60 080 | 150! 200 | 4 
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7 (a) All tests made with 4-in. diameter by 2-in. 
length test specimens from Bethlehem Heat 5 J 701. 
Test Series: 


200,000-Ib. machine at each speed. 


300,000-Ib. Southwark-Emery machine. Three pacing. 
dial speeds, 25,000, 50,000, and 75,000 Ib. per min. 
Six specimens at each speed. 

Results reported by Metallurgical Committee of Steel 
_ Founders’ Society of America. Sixteen machines screw 
_ driven and hydraulic, of capacities from 30,000 to 100,000 
Ib. Each machine pulled 3 specimens at a single speed. 
X{© Special test specimen holders. 
Shouldered test specimens. 

@ Threaded test specimens. 
Crosshead speeds ranged from 0.045 to 0.125 in. per min., 
producing rates of strain 0.095 to 0.554 per cent per 


min. 

Grand Total Number of Tests Fig. 3 (a)........ 
(6) Specimens \4-in. diameter by 2-in. gage length of 
S.A.E. 1112 steel. 20,000-lb. hydraulic loading lever 
weighing, pendulum indicating and 20,000-Ilb. gear box 
drive, four screw, dial Vernier scale beam Olsen machines 
were used. Four speeds, % to 4 in. per min., loading 
rates 14,760 to 121,500 lb. per min. Four specimens, 

each machine each speed. 


Rate of Straining, percent per min. 


4 -1.8 0 0.2 04 06 
Logarithm of Rate of Straining, per cent per min. 


Fic. 3.—Relation Between Yield Point Values and Rate of Straining. 


min., three specimens at first and two at each of other 
speeds. 
Total number of tests 7 


24 mens each speed 


24 400,000-lb. Riehle screw-driven machine, crosshead 
speeds 0.280, 0.367, and 0.560 in. per min., two specimens 
each speed. 

200,000-Ib. Southwark-Emery machine, pacing-dial 
18 speeds 24,000, 30,000, and 42,000 lb. per min., two speci- 
mens pulled at each speed. 
60,000-Ib. Southwark-Emery machine, 
speeds 30,000, 45,000, and 60,000 lb. per min., eight 
specimens pulled at each speed. 
(e) All specimens were 34-in. diameter bars as rolled 
with 8-in. gage length. One test series was pulled on a 
Southwark-Emery 60,000-lb. machine at four pacing-dial 
speeds, 30,000 to 65,000 lb. per min., three to five tests 
at each speed. 
126 The other five series are from test data reported by 
the Research Committee on the Yield Point of Struc- 
tural Steel in 1928, Proceedings, Am. Soc. Testing Mats., 
Vol. 28, Part I, p. 110. Five laboratories cooperated, 
using six screw-driven testing machines of capacities 
from 60,000 to 400,000 Ib. Each laboratory pulled five 
specimens at each of four crosshead speeds ranging from 

32 0.05 to 2.0 in. per min. All specimens were from the 
same heat of steel. 
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point the elastic equilibefjum is disturbed 
and yielding begins. Yhis does not 
occur simultaneously throughout the 
specimen. It starts at $ome individual 
point at which the stress first reaches the 
value of the true yield Point. As the 
metal at this point yie§ls, it stretches 
rapidly, transferring it¥ load to the 
surrounding metal, which in turn yields. 
This continues until the total elongation 
is sufficient to let the beam of the 
machine drop. At this time the testing 
machine measures the average stress in 
the specimen at which the beam drops. 
This must always be les§ than the con- 
centrated stress at whic the true yield 
point was reached and Fielding began. 
If a specimen were perfec. ly straight and 
if the holders transmitted a truly axial 
load without causing ant stress concen- 
tration, the testing machine would 
measure the true value offthe yield point. 
Any stress concentration due to a bent 
specimen or to eccentri¢ loading or to 
uneven bearing of the hplders will start 
local yielding before th¢ average stress 
has reached the true yiel@ point value. 

The true yield point cn be found only 
if special precautions ae taken. Any 
deviations from perfect?on in specimen 
or in the supporting devices will tend to 
give too low a value forthe yield point. 
With reasonable accuracy in measure- 
ment the observed value will be too low 
rather than too high) This is well 
illustrated by 
reported by 


specimens were machined with a high 
degree of accuracy, and special precau- 
tions were taken to secure true axial 
loading. In spite of this, the exten- 
someter readings showdd that the ob- 
served yield point stre$s was consider- 
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ably lower than the maximum stress at 
which the yield point was reached. This 
is shown in the following tabulation: 


Yield Point Values, psi. Correction Added 


Observed | 


49 460 
48 160 
49 750 


Corrected psi. 
270 | 2810 


per cent 


51 590 3430 
52 080 2330 


With this in mind, it seems reasonable 
to believe that in routine testing the 
measured yield point values fall below 
rather than above the true value, and 
that the scatter observed is due to varia- 
tions in the stress distribution as ap- 
plied to the individual specimens. 

In presenting the remainder of the 
experimental data, mean yield point 
values are given, and in considering 
trends it must be remembered that each 
point plotted represents the mean of 
several tests with a considerable amount 
of scatter. 


Yield Point 
Straining: 


Value versus Rate of 


In Fig. 3 the mean yield point values 
from Fig. 2 are replotted, together with 
the mean values from a number of other 
tests. The upper section, Fig. 3 (a), 
presents the results obtained by a num- 
ber of observers using various types and 
sizes of testing machines. All test 
specimens were 3-in. diameter by 2-in. 
gage length and were taken from a single 
heat of steel, Bethlehem 5J 701. The 
specimens were machined from ?-in. 
diameter rolled bars which had been 
stress relieved. 

Mean yield point values are plotted 
as ordinates on abscissae which repre- 
sent rates of straining in percentage per 
minute plotted on a logarithmic scale. 
Rates of straining range from 0.093 to 
3.3 per cent per minute. With the 3-in. 
by 2-in. specimens these rates of strain — 
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28,000 to 1,000,000 psi. per minute, or 
from 5600 to 200,000 Ib. per minute. 
These rates extend beyond normal 
testing speeds in both directions, par- 
ticularly at the upper end. 

It is evident that there is a general 
tendency for yield point value to rise as 
the rate of straining is increased. The 
amount of rise is indicated by the slope 
of the lines which include the majority 
of the tests. This slope corresponds to 
an increase of about 7000 psi. for a ten- 
fold increase in rate of straining. 

In Fig. 3 (6) results for another series 
of tests with 3-in. by 2-in. specimens are 
plotted. These were made by one ob- 
server using two 20,000-lb. capacity 
machines, one screw driven and one 
hydraulically operated. Four specimens 
were pulled at each speed, all being taken 
from an S.A.E. 1112 steel having very 
nearly the same yield point as the 5 J 701 
steel of Fig. 3 (a). Mean yield point 
values are plotted and show closely 
similar results for both machines. The 
rise in yield point value with increase 
in rate of strain is very nearly the same 
as that noted above for the other } by 
2-in. specimens. 

The three lower sections of Fig. 3 plot 
yield point values obtained with test 
specimens of various dimensions taken 
from various steels. Figure 3 (c) pre- 
sents results from specimens 1{ in. in 
diameter as rolled, by 8-in. gage length, 
and from 3-in. diameter by 2-in. gage 
length specimens turned from the 1}-in. 
bars. Figure 3 (d) presents results from 
specimens 3 by 1? in. with 8-in. gage 
length pulled on three different ma- 
chines. Figure 3 (e) presents the results 
reported in 1928 by the Research Com- 
mittee on the Yield Point of Structural 
Steel. Specimens were bars ? in. in 
diameter as rolled, with 8-in. gage length, 
all taken from one heat of steel. It also 
includes one set of similar specimens 
from another heat of steel tested 
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recently. Of the three groups of tests 
with 8-in. gage length specimens, Fig. 
3 (e) gives the clearest relation between 
yield point value and rate of strain. 
The line shown gives an increase of 
about 2500 psi. for a ten-fold increase 
in rate of straining. The points in Fig. 
3 (c) and (d) do not give a precise rela- 
tion, but the lines which have been 
drawn parallel to that of (e) do not con- 
flict with the individual results. 
Comparison of Fig. 3 (a) and (e) 
suggests that with the 8-in. gage length 
the rise of yield point value with increase 
in speed is less rapid than with the 2-in. 
gage length. This fits in with practical 
experience and is believed to be true. 
The tests in Fig. 3 (c) with 2-in. speci- 
mens turned from the 1}-in. bars were 
planned to throw light on this question, 
but the results are not precise enough to 
serve as confirmation or contradiction. 


Measurement of Rate of Straining: 


In the preceding section, yield point 
values have been compared on the basis 
of rates of straining, without consider- 
ing how these rates are or should be 
measured. In the case of the hydrauli- 
cally operated machines with pacing 
dial, there is no problem. The dial is 
set for a desired rate of loading and the 
indicator is kept at pace with the dial 
by the appropriate adjustment of the 
control valve. With a _ screw-driven 
machine, complications enter. Control 
of speed is limited to the choice of one of 
a limited number of gear settings, each 
of which gives a corresponding uniform 
rate of crosshead speed. The rate of 
loading or rate of straining produced by 
each speed depends on the design of the 
testing machine and the type of test 
specimen used. 

Even with machines using the same 
type of specimen, wide variations in rate 
of straining may be produced by the 
same crosshead speed. This is illus- 
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trated by the following t§bulation, which 
is based on data reported by the Metal- 
lurgical Committee of the Steel Founders 
Society of America: 


Average Rate of Loading Be- 


Machine 


Riehle—100 000-Ib. 
Riehle—100 000-Ib. 
Riehle—100 000-lb. 
South 


u - 
wark—100 000-Ib. 
Riehle— 50 000-lb. 


tween 1000 Ib. and 7500 Ib. 
Mechanical Modulus of Ma- 
chine, Ib. increase in load per 
inch of free crosshead travel 


Rate of Straining of Specimen, 
per cent per min. 


Yield Point, psi. 


SESS | Laboratory 
nN 


43 27 000 


44 000 / 35 500 
45 050 3 32 500 


nin 


| w 
Z 


Yield point determinafions were made 
by five different laborafpries all using a 
free running crosshead speed of 0.125 in. 
per min. with standard 3-in. diameter by 
2-in. gage length specimens. The time 
required for the load to vise from 1000 to 
7500 lb. was noted. From this the mean 
rate of loading and meain rate of strain- 
ing have been computfd. The fourth 
column shows that for {the same cross- 
head speed, the range fof the rates of 
straining of the differerg machines is in 
the proportion of 1 to 3¥ It will also be 
seen that the value found for the yield 
point rises as the rate of straining in- 
creases, although the crosshead speed is 
the same in all cases. From this it is 
evident that control of speed of testing 
in the interest of uniffrm yield point 
values must be based ongrate of straining 
rather than on crosshed@d speed. 

In the tests tabulate@ above, the rate 
of straining has been measured by timing 
the increase of load through a given 
range. This would gjve satisfactory 
results if the rate of staining were uni- 
form throughout the] test. Unfortu- 
nately the rate of straimging, even with a 
uniform rate of crosshe§d travel, varies 
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considerably as load is added during the 
test. Therefore, measurement of an 
average rate of loading for a haphazard 
range of loads does not provide informa- 
tion as to the rate of loading or straining 
at the yield point: load. For this pur- 
pose a calibration curve is needed show- 
ing the variations in rate of loading 
throughout the whole loading range. 
Such calibration curves can be based 
conveniently on a relation that it is 
proposed to call the mechanical modulus 
of the testing machine. The value of 
this modulus depends on the whole test 
setup, machine, grips and specimen. 
With a given setup the value of the 
modulus varies with the load, but at any 
given load it is the load in pounds added 
per inch of crosshead travel. As an aid 
to understanding the meaning of the 
modulus, consider the mechanism by 
which the movement of the crosshead 
applies load on the specimen. The full 
travel of the crosshead does not appear 
directly as strain in the specimen. The 
whole system of machine, grips, and 
specimen is strained and only a small 
fraction of the total strain appears as 
strain in the specimen. The setup of 
machine grips and specimen may be 
compared to a strained spring in which a 
load is produced by a movement or 
deflection of one end. The properties of 
such a spring are measured by the spring 
characteristic, that is, the load added per 
inch of deflection. The modulus sug- 
gested corresponds to the spring charac- 
teristic of the setup. It is expressed as 
pounds of load added per inch of cross- 
head travel. In a simple spring the 
spring characteristic is constant for all 
deflections. In the testing machine 
setup this is not the case. The value of 
the modulus, that is, the pounds of load 
added per inch of crosshead travel, 
varies with the load, as shown by the 


curves in Fig. 4. Although the value i | 
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of the modulus varies with the load, it is, 
generally speaking, independent of the 
rate of crosshead travel. At any load 
the value of the modulus is fixed and the 
pounds of load added per inch of cross- 
head travel is the same for all crosshead 
speeds. In other words, at any given 
load the rate of increase in load is 
directly proportional to the rate of 


and vary greatly in form from one 
combination to another. The applica- 
tion of the curves to the determination 
of the rate of straining at the yield point 
is extremely simple. Take, for example, 
curve C of Fig. 4. For a yield point of 
45,000 psi., a load of 9000 Ib. on the 3-in. 
specimen, curve C shows a modulus of 
172,000 lb. per in. of crosshead travel. 


oke 
350000 


300000 


200 O/sen Machine 
(3-in. diam. by 2-in. gage) 


100 000-/b. Olsen Machine 
4 ($-in.diam. by 2-in. gage) 


100 000-/b. Olsen Machine 


($-in.ciam. 2-in. gage) 


150000 


100000 


(3 by 25 in, 
by 8-ir 8-in.gage) 


40000016. Riehle Machine 


(lin. square by 8-in.gage) ie 


| | 


5000 10000 


crosshead travel. Therefore, if modulus 
values are plotted against load as in 
Fig. 4, the resulting curves can be used 
to find at once for any load the rate of 
straining which will be produced by any 
rate of crosshead travel. The curves in 
Fig. 4 have been developed by the 
methods described in the Appendix.’ 
They apply to a variety of combinations 
of testing machine and test specimens 


3 See p. 634. 


15000 
Mean Load on Specimen, Ib. 


Fic. 4.—Testing Machine Modulus in Relation to Load. 


20000 25000 30000 35000 ~~ 


A 
If the machine is geared to give crosshead 
speeds of ye, 4, 4, and 3 in. per min., 
the rates of loading, stressing, and 
straining will be: 


Rate of 
Straining, 
per cent 
per min. 


Rate of 
Stressing, 
psi. per min. 


Rate of 
Loading, 
Ib. per min. 


53 750 
107 500 
215 000 
430 000 
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For a machine with a dhlibration curve 
as curve D in Fig. 4, the modulus at a 
load of 9000 Ib. has a vape of 344,000 Ib. 
per in. of crosshead tra¥el and the rates 
of loading, etc., will be just double those 
given above for the same crosshead 
speeds. 


GENERAL CONCLUSIONS 


Study of the experingental data leads 
to the following conclugfons: 

1. Yield point valges determined 
under normal condition. of routine test- 
ing show a scatter considerably greater 
than can be attributed‘to variations in 
the quality of the material. Such varia- 
tions are undoubtedly que to variations 
in stress concentration @uring testing, so 
that observed values #ll below rather 
than above the true yig@Md point value. 

2. Yield point value®tend to increase 
with an increase in the rate at which the 
test specimen is pulled. This increase 
is related directly to the rate of straining 
and only indirectly to the rate of cross- 
head travel. No systematic difference 
is found between yield point values 
determined on screw-driven and hy- 
draulically operated testing machines. 

3. Yield point value‘increases gener- 
ally in a straight-line elation with the 
logarithm of the rate 0% straining. The 
increase in value with{a three-fold in- 
crease in the rate of str¥ining is of about 
the same order as the scatter between 
values obtained from specimens of the 
same material. Consdquently, an ex- 
tremely precise controlfof rate of strain- 
ing is not warranted@ There is some 
indication that for theffsame increase in 
rate of straining, the :"3e in yield point 
is less rapid with specimens with 8-in. 
gage length than it is with specimens 
with 2-in. gage length. ; 

4. Only a small fraction of the cross- 
head travel appears $s strain in the 
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specimen. The proportion of strain to 
crosshead travel varies during a test as 
the load is increased, but is unaffected 
by the rate of crosshead travel. At a 
given load, the load added in pounds 
per inch of crosshead travel is the same 
for all crosshead speeds. This relation, 
pounds of load added per inch of cross- 
head travel, has been named the Me- 
chanical Modulus of the testing machine. 
It varies greatly for different combina- 
tions of machine and test specimen. 
For any given combination, a plot of 
modulus against load gives direct infor- 
mation as to the rate of straining pro- 
duced at any load by any given crosshead 
speed. 

If a limit is to be set on the rate of 
straining to be allowed with screw-driven 
testing machines, it is recommended that 
a load-modulus curve be set up and that 
this be used to estimate the rate of 
straining produced at the yield point by 
the crosshead speeds available. 
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Modulus of Testing Machine 


Study of yield point determinations made 
under widely varying conditions shows that 
the yield point value is directly affected by 
the rate of straining at which the specimen 
reaches the yield point. It is also found 
that this rate of straining is not only de- 
pendent on the rate of crosshead travel but 
is affected by the type of testing machine, 
by the type of specimen and the grips used, 
as well as by the load at which the yield 
point is reached. With the crosshead mov- 


APPENDIX 


the test, but, generally speaking, at any 
given instantaneous load on the specimen 
the rate of increase in load is directly pro- 
portional to the crosshead speed. In other 
words, at any instantaneous load the 
modulus is independent of the crosshead 
speed. For this reason a single load- 
modulus curve provides complete informa- 
tion as to the rate of loading for all cross- 
head speeds. As stresses are below the 
yield point, rate of straining is in direct 
proportion to rate of loading, 
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Fic. 5.—Testing Machine Modulus in Relation to Load. 
Value of modulus computed for various testing machines from data reported by Research Committee on the Yield 
Point of Structural Steel in 1928. 
Ordinates for 1-in. square specimens are moved to right for clarity. Values correspond to load of 18,000 Ib. 


ing with a uniform speed, the load on the 
specimen is not applied at a uniform rate. 
The rate at which the load increases varies 
with the load on the specimen. Conse- 
quently, measurement of the rate of loading 
at one load does not by itself give the rate of 
loading or straining at which the yield point 
will be reached. For this purpose a calibra- 
tion curve of the machine and specimen 
setup is needed 

The load-modulus curves in Figs. 4 and 5 
provide the necessary calibration data for 
the various combinations of testing machines 
and test specimens. The modulus of the 
testing machine is defined as the increase 
in load in pounds per inch of crosshead 
travel. The value of this modulus varies 
as the load on the specimen increases during 


TABLE I. 


Instantaneous | Modu- 
te-of Load- | lus, lb. 
ing, lb. per min.| per in. 


Mean lime, 


sec. 


we 


60 | 
dw/dt M 
1000 to 6000 
2000 to 8000 
3000 to 9000 
4000 to 11 000 
5000 to 12 000 
6000 to 14 000 
7000 to 14 000 
8000 to 14 000 


4000 83 500 
5 750 120 000 
6 200 129 000 
8 200 170 000 
9 600 200 000 
10 900 227 000 
12 400 258 000 
13 300 277 000 


Figure 4 shows a number of load-modulus 
curves obtained from screw-driven testing 
machines with specimens of various types. 
Curves A, B, C, D, and E all apply to the 
A.S.T.M. standard test specimen of }-in. 
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diameter by 2-in. gage§length.t The rate 
of increase in load was Pneasured by timing 
the rise in load over vagious load intervals. 
A typical series of obse®vations and derived 
data for curve A are given in Table I. The 
measurements were made at a crosshead 
speed of 0.048 in. per rain. The specimen 
was of high tensile strength steel so that it 
could be carried to lgads of 14,000 lb., 
70,000 psi., without yiglding. 

The values for each oad were found by 
first determining the Yfnean instantaneous 
rate of loading for that load. A typical 
set of observations for one of the tests is 
given in Table I. The first column shows 
the ranges over which the increase in load- 
ing was timed, while the second gives the 
mean load of this range: The third column 
gives the time for the loading range, and 
the fourth and fifth gi¥e computed instan- 
taneous rates of loading for the mean load. 
Two methods of calcul@tion are used. The 
values of the fourth c#umn are computed 
on the assumption that the rate of loading 
is increasing with a straight-line relation 
throughout the loading range. The plotted 
results justify this assumption. As a 
matter of comparison, the fifth column gives 
the average loading rat obtained by divid- 
ing the increase in loaq§by the time taken 
for this increase. Th loading rates ob- 
tained by this method are slightly lower 
than those given in the fourth column, and 
with a straight-line plot as curve A (Fig. 4) 
are not so correct. If the curve drops so as 
to take a horizontal position, as curve B at 
the higher loads, the @yerage values as in 
the fifth column of T@le I will be more 
nearly correct. 

It will: be found that each combination 
of machine and specimen will give a definite 
and characteristic 1l@d-modulus curve, 
although individual megsurements may not 
have a high degree of€precision. In suc- 
cessive measurements Jere may be slight 
variations in motor specd or in the gripping 
of the specimen. Such variations, how- 
ever, may occur in regumr tests and are not 
sufficient to interfere w¥h the usefulness of 
the load-modulus curve in measuring the 


‘Standard Methods of Tension Testing of Metallic 


Materials (E 8-36), 1939 Book of A.S.T.M. Standards, - 


Part I, p. 750. 


rate of straining. In view of the fact that 
the variation in yield point value with a 


three-fold increase in rate of straining is of = 
the same order as the scatter of the indi- 


vidual values at the same speed, it is evident 
that high precision in determination of the 
rate of straining is not necessary. 


The Rensselaer and Gary curves of Fig. Sie 


4 are shown in greater detail in Fig. 5, _ oh 


which is based on data published by the 


Research Committee on the Yield Point of 


Structural Steel in their 1928 report. 


Four | 


machines in as many laboratories were — 
used, and with each machine rates of load- 
ing were measured at two different speeds. _ 


The rate of load increase was measured 
over two ranges, from 5000 to 10,000 Ib., 
giving a mean load of 7500 lb., and from 


12,000 to 24,000 Ib., a mean load of 18,000 _ 
Ib. For each load range two types of speci- — 
mens were used. For the low range the — 
specimens were respectively 1 by 3 in. and . i, 


2 in. in diameter. 


For the high load range, — 


the specimens were respectively 2} by 3in. 


and 1 in. square. 
length was 8 in. 


Analysis of the experimental data shows 


that with all four types of specimens the 
crosshead speed has no practical influence 
on the value of the modulus, that is, on the 


load in pounds added per inch of crosshead ie 


travel. 


Also at the lower load range both ~ 


types of specimen give similar results. At | 


the higher load range a difference appears. 
The 3 by 23-in. specimens, as shown in Fig. 
5, have modulus values considerably higher 
than those for the 1 in. square specimens, 
except on the Wisconsin machine. In order 
to show this difference the abscissa over 
which the 1 in. square values are plotted has 
been displaced to the right. These points, 
as well as those for the ? by 2}-in. specimens, 
should fall on a vertical line corresponding 
to a mean load of 18,000 Ib. It is believed 


that the lower values for the square speci- 


mens are due to greater slippage in the 
grips. If flat wedge grips were used for 
both types of specimens, the flat ? by 23-in. 
specimens would be held more firmly, and 
for the same crosshead travel the load added 
would be greater than that added on the 
1-in. square specimens. 


La 


In all cases the gage aoe 
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oo heavier specimens, but would serve for the 


smatiier specimens. 
44,000 psi., 


5 are not carried far enough to serve as 


calibration curves at the yield point of the 


With a yield point of 
the load would be 11,750 lb. 


for the 3 by 1-in. specimen and 10,000 Ib. 


for the 3-in. round. With the larger speci- 
mens the load at yield point would be 41,300 
Ib. for the $ by 2}-in. specimen and 44,000 
_ Ib. for the iin. square specimen. 


1000000 
90000 
& 00 Jones 
% 400000 
0 


Load on Specimen, Ib. 


Fic. 6.—Modulus Values Computed from 
H. F. Moore’s Test Data in Comparison 
with Curve A from Fig. 4. 


Values for the Wisconsin machine are 
carried to much higher loads by the test 
_ data given in the 1937 report of the Research 
Committee on the Yield Point of Struc- 
tural Steel. This curve, as shown in Fig. 4, 


- was obtained with a specimen 2;, in. in 


diameter. The curve differs little from an 


Se extension of the 1928 Wisconsin curve. 


The two curves 7 and K obtained on the 
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and 1-in. square specimens reverse the 
trend and show a falling off in modulus 
values as the load on the specimen is in- 
creased. Both types of specimens were 
held in flat wedge grips, and it is believed 
that considerable slippage took place. 

The paper by Jones and Moore’ provides 
data from which modulus values for their 
machine can be computed. The tabulation 
which follows, gives the yield point and the 
corresponding rate of strain reported in 
Fig. 4 of their paper for a crosshead speed of 
0.40 in. per min. for the three steels. It is to 
be noted that the higher the load at which 
the yield point is reached, the higher is the 
rate of strain for the same crosshead speed. 
Values computed for the modulus are 
plotted in Fig. 6. For comparison, curve A 
from Fig. 4 is repeated in Fig. 6. 


Rate of 


Yield Point Strain 
Material per cont Ib. per 
psi. | Ib. |permin.| ™ 
S. A. E. a 44 000 8 800 0.65 | 488000 
S.A.E. 1045...... 54 500 10 900 0.85 638 000 
70 500 14 100 1.05 756 000 


It will be seen that for the same loads the 
modulus figures are much higher than any 
of those in Fig. 4. The modulus values 
for Moore’s machine indicate a very stiff 
machine with a rapid increase in stiffness 
as the load increases. 
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DISCUS 

Mr. H. W. Scumipt! (presented in 
written form).—We are in agreement 
with Jones and Moore’s conclusion that 
speed has no serious efiect on the proper- 
ties measured. 

A few tests were nfade in The Dow 
Chemical Co. laboratogy on the effect of 
speed of testing on ghe properties of 
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strain was calculated from the elongation 
after failure of the specimen and total 
elapsed time of the test. The ultimate 
tensile strength was determined up to | 
those speeds at which the poise could | 
follow the load increase with any degree 
of accuracy. 
measure yield strengths. 


[The accom- 


a. 45000)— Dowmeral 05055 in. Diam. Bar 2:in. Gage Length 
40000 
° Dowmetal H-HT 0.450-in. Diam. Bar 2-in. seve Length 
= 

NE 45000 Dowmetal J 0.375-in. Diam. Bar I-in. Gage Length 

0.01 01 


Average Rate of Strain, in. per inch per min.,log scale 


:Fic. 1.—Effect of Speed on Tensile Strength. 


PTttt 
§ Dowmetal J 0.505: ‘in. Diam. Bor 2-in. Gage Length 
wen ~Dowmetal H-HT Diam. Bar 2-in. Gage length 
tol J 0.375-in. Diam. Ba ension | | 
0.0! 0. | 
3 
- ye tes Average Rate of Strain, in. per inch per min., log scale 
ot i 
was Fic. 2.—Effect of Speed on Elongation. 


magnesium alloys Dowmetal H and J. 
The tests were made on a 100,000-lb. 
screw powered testing machine. Means 
such as were employgd by the authors 
were not available forfaccurate measure- 
ment of strainrate. “he average rate of 


! The Dow Chemical Co., Midland, Mich. 


panying Fig. 1 shows the effect of 
speed on the tensile strength, Fig. 2 the 
effect on the elongation, and Fig. 3 the 


properties was negligible in contrast to — 
the decrease in properties observed by 
Jones and Moore. 
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Messrs. 


We believe that the change in proper- 
ties as observed may be due to differences 


_ in bars as noted by Jones and Moore. 


Mr. R. H. Carey? (by letter) — 
Jones and Moore are to be 


_ congratulated on their very enlightening 


Stress-strain diagram, 


paper. This investigation is particu- 
larly interesting to the Department of 
Engineering Mechanics at The Pennsyl- 
vania State College. We are investigat- 
ing, first, the effects of rate of straining; 
second, the relation between the dynamic 


- constants of specimen and testing ma- 


chine with respect to effect on the 
especially the 


yield points. 


Discussion ON EFFECT 


or SPEED OF TESTING = 
one of the forthcoming issues of the 
ASTM 

Mr. P. G. McVetty.*—In comparing 
these two papers we find that Mr. Fry 
used commercial testing procedure with 
a number of different machines while 
the investigation at the University of 
Illinois used a more precise method with 
one machine. Both methods have cer- 
tain advantages and the fact that they 
reached similar conclusions adds to their 
value. Both have agreed that the 
significant factor which affects tension 
test results is the rate of strain rather 
than the crosshead speed. A large 
number of A.S.T.M. specifications now 
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Average Rate of Strain, in. per inch per min., log scale 
Fic. 3.—Effect of Speed on Reduction of Area. 


This investigation is being carried out 


to any existing machines and does not 


require the use of an oscillograph. The 


machine used at present is a standard 
screw-driven machine, connected with a 
direct-current motor, the speed of which 


— is controlled very accurately by means 
_ of a pacing disk. By means of this disk 
_ and two photocells, the rate of load 


recorder 
drives an Ames dial 


application is controlled without ap- 
preciable inertia effect. A stress-strain 
and Selsyn motor which 
in connection 
with the pacing arrangement, control the 
strain rate independent of any crosshead 


speed. This setup will be described in 


2 Instructor, Department of Engineering Mechanics, 
School of Engineering, The Pennsylvania State College, 


State College, Pa, 


<3 


impose testing speed limitations in terms 
of crosshead speeds. It seems desirable 
to suggest that the committees responsi- 
ble for these specifications consider a 
change to rate of strain or, in some cases, 
rate of application of stress. 

Several factors affect the relation be- 
tween crosshead speed and the strain 
rate communicated to the test specimen. 
In the region in which strain is propor- 
tional to load, Mr. Fry suggests that the 
combined effects of these factors for a 
particular machine and test specimen be 
expressed as a “testing machine modu- 
lus” in terms of pounds per inch of cross- 


3 R. K. Bernhard, ‘‘Automatic Speed Control for Ten 
sion and Compression Testing ASTM 
Tin, No. 106, October, 1940, ss 

4 Mechanical Engineer, esearch Laboratories, West- 
fngboues | Electric and Manufacturing Co., East Pitt 
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_ Discussion on EFFECT 


head travel. When modulus is 
multiplied by crosshe§d speed, we 
obtain the loading rate ‘n pounds per 
minute. This is easily converted to 
strain rate, as shown by Jones and 
Moore, by dividing by the cross-sectional 
area of the test specimgn and by the 
modulus of elasticity of te material. 

Valuable suggestions Ltve been given 
by Jones and Moore tc facilitate the 
application of strain-rate specifications 
under various conditions. These show 
that no serious compliqgttion is intro- 
duced by the proposed fine in specifi- 
cations and testing proc®dure. 

Mp. L. B. TucKERMAN.>—I have only 
one minor criticism. In commenting on 
mechanical testing machines of the 
screw-driven type, Jones and Moore 
state: ‘“The speed of head] is fixed by the 
train of gears used,..;but not very 
closely controlled.” Tl§ee years ago 
Stang and Sweetman® offour laboratory 
described a simple elect”.cal circuit, for 
use with direct-current motors, which 
gives as close control on screw-driven 
machines as is available. on the best of 
hydraulic machines. We were much dis- 
satisfied with the coarsentess of the speed 
control of our screw-driven machines 
and adopted this resistance method. A 
few dollars spent for a retiable resistance 
control made it possible to have as close 
and as smooth contingously variable 
speed control upon our s§rew-driven ma- 
chines as upon any of @ur modern hy- 
draulic machines. We cculd not use our 
old screw-driven machines for many pur- 
poses if we did not have that control. 
We have it on every scfew-driven ma- 
chine in our Engineefng Mechanics 
Laboratory. I think t@at the lack of 
close speed control on screw-driven ma- 
chines has been a considerable factor in 


5 Assistant Chief, Division of Mechanics and Sound, 
National Bureau of Standards, Washington, D. C. 
A. H. Stang and L. R. Sweetman, “Speed Control for 
Screw-Power Testing Machines Driven by Direct-Current 
Motors,” ASTM No. 87, August, 1937, p. 15. 
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the present trend toward hydraulically 
driven machines. Modern hydraulically 
driven machines with direct-reading 
dials are of course more convenient in 
other respects than the older screw- 
driven, beam-and-lever type machine. 
They are amply accurate and constant 
for the great majority of tests on mate- 
rials and structures. 

However, no hydraulic machine that 
I know of today has the constancy and 
accuracy of a well-made, well-kept and 
properly used screw-driven beam-and- 
lever machine. With close and smooth 
continuously variable speed control read- 
ily available it would seem that they 
might well be more widely used. 

Messrs.P. G. Jones’ AnD H. F. 
Moore"(authors’ closure).—lIam very glad 
to see that Mr. Fry has clearly empha- 
sized the fact, brought out by his tests as 
well as by the tests of Withey® and by 
Jones and Moore, that the speed of the 
testing machine head cannot be used 
directly as a criterion of rate of strain. 
His development of machine modulus is 
useful for measuring rate of strain below 
the yield point, that part of the stress- 
strain diagram for which the modulus of 
elasticity is approximately constant. It 
is not useful beyond the yield region, 
and for that it is better to measure rate 
of strain directly. The machine modu- 
lus is, strictly speaking, a modulus of a 
particular setup of machine, grips and 
specimen. It is modified by variations 
in grips and in size and material of 
specimen as well as by the characteristics 
of the machine itself. 

The writer cannot agree with the 
statement: 


“The Yield Strength may serve a 
purpose similar to that of the Yield 


7 Instructor in Theoretical and Applied Mechanics, and 
Research Professor of Engineering Materials, respec- 
tg University of Illinois, Urbana, III. ; 

8 Report of Research Committee on Yield Point of 
Structural Steel, Proceedings, Am. Soc. Testing Mats., 
Vol. 31, Part I, p. 136 (1931), 
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Point, but the two are entirely dis- 
tinct. Confusion would have been 
avoided if the sponsor of Yield 
Strength had recognized that no 
real yield is involved and had not 
infringed so closely on the old 
established name. Our concern 
here is with the Yield Point, a physi- 
cal characteristic of the sharp-kneed 
materials, and not with the arbi- 
trary and artificial Yield Strength.” 


Mr. Fry seems to use the term “y ield” 


with no increase of stress. Strictly 
speaking there is “yield” even under 
elastic deformation. However, as com- 
monly used “yield” refers to any in- 
elastic deformation regardless of the 
suddenness of its occurrence or of the 
rate of change of stress accompanying it. 
In determining the yield strength by the 
offset method or other methods, cer- 
tainly yielding is involved. It is true 


that an arbitrary amount of yielding or 


set is specified as a criterion of structural 
damage. Since it is clear that the yield 
point obtained by drop of beam (the 
“upper” yield point) or from a stress- 
strain diagram is markedly affected by 
speed of testing, it seems quite reason- 
able to say that the yield point is also 
an arbitrary characteristic of the sharp- 
kneed materials, since it depends not 
merely on the material but on the speed 
of testing and on relative stiffness of 
testing machine and specimens. Hence, 
the ordinary “drop-of-beam” yield point 
can hardly be considered a property of 
a material any more independent of 
arbitrary factors than is the yield 
strength. Mr. Fry has not mentioned 
the difference between upper and lower 
yield points. The lower yield point, 
the minimum value of the stress after 
the drop of the beam, is less affected by 
rate of speed of testing machine than 
is the upper yield point. For materials 
with a sharp-kneed stress-strain dia- 
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gram this lower yield point is usually ap- 
proximately equal to the yield strength 
as determined by the “offset”? method. 
It can be obtained readily with self-indi- 
cating machines but not readily with 
beam-balance machines without an auto- 
graphic attachment. 

Mr. Fry speaks of a “true” yield point 
being difficult to obtain. It is, of course, 
quite true that the determination of the 
yield point depends upon the uniform 
distribution of stress over the test 
specimen. However, there is some 
yielding, that is, there is some plastic 
action, well below any true yield point 
or yield strength in any actual material. 

Yielding in a material has been shown 
by the metallographic microscope to 
begin in various crystals, and any 
measure of elastic strength depends upon 
the aggregate of such intra-crystalline 
yielding or “‘slip” becoming great enough 
to produce a definite effect, whether by 
a sudden yield point or the more gradual 
yield of the materials without sharp- 
kneed stress-strain diagrams. Again the 
speaker wishes to state his belief that 
yield strength and yield point are very 
definitely related in that both are 
measures of structural damage by in- 
elastic yielding of a material. Both 
have distinctly arbitrary values, but 
both may be useful for determining the 
limit of a practical elastic strength of a 
material, and both involve a very definite 
yielding of the material. 

It is especially gratifying that these 
two papers indicate that the effect of 
speed of testing seems to be about the 
same as shown by the test results re- 
ported in both. That means that it may 
not be necessary in future studies of 
effect of speed of testing on the prop- 
erties of any material to use slow and 
expensive methods to insure freedom 
from “machine effects.” 

Thanks are due to Mr. Tuckerman 
for his note on the speed control of 
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screw-power testing machines. Prob- 
ably special mechanical or electrical 
speed controls could be used on a-c. 
circuits. 

The results from the Wow Chemical 
Co.’s laboratories give further evidence 
of this fact. Further information con- 
cerning the apparatus developed at the 
Pennsylvania State College Labora- 
tories is awaited with interest, and 
thanks are due Messrs, Schmidt and 
Carey for their discussgons. 

Mr. Lawrorp H. fe (Author’s 
closure).—Mr. McVettyys remarks are 
appreciated, as is too the counsel and 
assistance he gave the author in some 
of the experimental work. He notes 
the fact that the “test machine modu- 
lus” is intended for use jonly below the 
yield point. The athe thought that 
this was clear in the ;faper, but Mr. 
Moore seems to have missed this point. 

Mr. Moore seems to view the paper 
as a whole with disapproval. This is 
his privilege, but exception must be 
taken to several statements which seem 
to indicate lack of care in reading the 
paper. 

Moore takes issue with the statement 
that Yield Point and Yield Strength are 
entirely distinct, and attempts to argue 
that the former is as arbitrary as the 
latter. This seems to ignore the defi- 
nite objective characteristics of the two 
curves in Fig. 1. In the material pro- 
ducing curve B, something happened at 
the jog in the curve so that conditions 
before were not the saiae as the con- 
ditions after. In curve A there is no 
point at which there is a definite change 
in the before and after conditions. On 
this basis there is a distinct physical 
difference between the two materials 
represented by the two curves, and 
consequently between the Yield Point 
of Curve B and the Yikld Strength of 
Curve A. 


Pe. Engineer, EdgewateYteel Co., Pittsburgh, 


Moore objects to the statement that 
yield strength involves no real yielding 
and suggests that the author intends to 
restrict the term “yield” to deformation 
with no increase in stress. The author 
would have made his point clearer by 
writing, “‘no real yield occurs aé the 
yield strength.” The author does not 
restrict “yielding” to mean sudden de- 
formation or to mean deformation 
without change in stress. The term is 
used in the sense of a giving way which 
marks a difference between the before 
and after conditions. This is the nor- 
mal meaning, c.f. Webster: “Yield, v.i., 
To give way,...to cease opposition, 

. as ‘the door yielded,’ ‘and yield to 
mercy while ’tis offered you.’ ” On this 
basis the smooth curve material yields 
continuously, with no definite yielding 
at the yield strength, while the sharp- 
kneed material yields slightly below the 
yield point and yields definitely at that 
point. These considerations seem to 
dispose of Moore’s suggestion “‘that the 
yield point can hardly be considered 

. any more independent of arbitrary 
factors than is the yield strength.” 
It is true that the value found for the 
yield point of a material may be varied 
somewhat by varying the type of speci- 
men or the type of machine or the rate 
of pulling, but with uniform conditions 
of testing and uniform material, the 
sharp-kneed materials give a drop of 
beam or a jog in the stress-strain curve 
which is entirely objective. The yield 
strength in the smooth curve materials 
has no objective existence. It is merely 
the stress corresponding to a perfectly 
arbitrary offset on the curve. 

The author feels strongly that the 
Yield Point marks a definite change in 
the structure of the material, while no 
such change takes place at the Yield 
Strength. For this reason the similar- 
ity in the names seems unfortunate. It 
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well be renamed Offset Strength. The 
full designation would include the 
amount of offset contemplated, so that 
a specification would set a value for, 
say, a 0.2 per cent offset strength. The 
author believes that a clear-cut separa- 
tion between the terms used for the 
sharp-kneed and for the smooth curve 
materials would represent an improve- 
ment in metallurgy, in engineering, and 
in etymology. 

Moore says that the author speaks of 
a true yield point being difficult to ob- 
tain. His remarks, which appear to be 
critical, are hardly pertinent. The au- 


thor’s reference to the “true yield point” - 


was to the effect that yield point values 
obtained by drop of beam in routine 
testing would normally be lower than 
the true value. The reason for this is 
that any stress concentration in the 
specimen due to curvature of the speci- 
men, to nonaxial loading, or to action 
of the grips will lower the apparent 
value of the yield point. If specimens 
of uniform material are tested with 
perfectly uniform stress distribution, or 
if special precautions are taken to meas- 
ure the stress at which yielding starts, 
the value found for the stress at which 
measurable plastic yielding begins may 
reasonably be called the true yield 
point. In routine testing some- stress 
concentration in the specimen is in- 
evitable. Yielding will start at the 
point of maximum stress concentration 
and will spread rapidly through the 
specimen, allowing the beam to drop. 
Obviously the average stress in the 
specimen corresponding to the load at 
which the beam drops is lower than the 
stress at the point of maximum con- 
centration at which yielding started and 
which was the true yield point. 
brary remarks do not really bear 
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on this question. He says: “However, 
there is some yielding, that is, there is 
some plastic action, well below any 
true yield point or yield strength in any 
actual material.” This statement does 
not bear on the phenomenon under dis- 
cussion, and its accuracy depends en- 
tirely on the meaning given to the in- 
definite adjective ‘“‘some.” With suffi- 
cient delicacy of measurement there is 
“some” plastic deformation in the so- 
called straight line portion of the stress- 
strain curve, but this has little real 
pertinence in discussing drop of beam 
values. In the sharp-kneed materials 
the distance between the straight-line 
portion of the curve and the jog which 
marks the yield point is usually short, 
as in Fig. 1, so that the plastic de- 
formation between the straight line and 
the yield point is usually small and un- 
important. In the smooth curve ma- 
terials, the plastic deformation below the 


yield strength is generally equal to the 
specified offset, so that it is measurably 


important. It is evident that Moore’s 
statement takes on a definite meaning 
only when the difference between yield 
point and yield strength is noted. This 
again calls attention to the distinct dif- 
ferences between yield point and yield 
strength and emphasizes the desirability 
of renaming the latter. If we speak of 
“vield point” and “offset strength,’’ the 
names will be distinctive and at the 
same time properly descriptive. 

Since this was written, I have been 
very much pleased to find that Tucker- 
man in his discussion of the paper by 
C. S. Smith entitled “Proportional Limit 
Tests on Copper Alloys,’’! expresses ex- 
actly the same views. 

bas 
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SS # fact The results of six series of atmospheric corrosion tests are presented which os a 7 
eal evaluate the durability of sheet specimens of low alloy steels containing nickel in 
am and copper. Rural, urban, industrial and marine atmospheres are repre- — 
als sented at the test sites. ‘The commercial significance of the data is broadened Yir- 
ine by the multiplicity of compositions tested. The oldest series of exposures is ; i” 
ich now in its fifteenth year. Another series consists of large specimens simulat- 
ort, ing some of the conditions to which roofing sheets are exposed in service. : 
ds. The effects of compysition variables are studied in one series and the corrosion- q 
ail time relationship ip another. The results of a practical railroad coal car — oa : 
test are also made @vailable. 
— A general conclusion from this work is that the beneficial effects of nickel i 
ma- upon the weathering resistance of steel increase with increasing nickel content Y 
the and are enhanced ;by the addition of optimum amounts of copper. The — 
the superiority of nicke: copper steels over copper steels is particularly pronounced 
bly in a marine atmospfere to which the latter do not respond well. The effects of a 
re’s manganese, silicon and carbon contents do not appear to be important but the 
ing presence of a moderate amount of phosphorus seems to be beneficial in nickel = 
aver 
This 
dif- Attention given to - mechanical tion at ‘this poe since 1925 it is | 
‘ield properties of some of the newer types of already possible to draw conclusions 
ility high tensile strength constructional steels with some degree of confidence regarding 
k of has somewhat overshadowed considera- _ the usefulness of nickel and copper addi- 
the tion of the adequacy of their corrosion tions. Unlike the well-established effect — 
the resistance. This factoy can be a most of copper alone, which reaches its maxi- 
important one in the edpony of weight- mum at somewhat below 3 per cent cop- — 
we saving sheet steel Unfortunately per content, the beneficial action of 
iMod efforts to simulate weathering under nickel increases continuously with rise — 
ie accelerating conditions are not convinc- in nickel content throughout the range _ 
Je ing or safe and it is still necessary to of pearlitic steels and permits a level of — 
a conduct field tests of bes duration in corrosion resistance to be reached far — 
evaluating the atmospl“ric durability of beyond that made available by copper 
metals. Due to the tact that the cor- alone. On the other hand copper im- 
rosion resistance of nickel and nickel- proves still further the rust resistance of __ 
copper steels has been receiving atten- nickel steels. 
The literature is rich in data upon the «© 
1 
+ wach Later and Amistent Director respectively, Re- durability of copper steels but the effect 


6. nickel in the low-alloy range has been _ 


pheric corrosion of electrolytic iron when 
alloyed with as little as 0.27 per cent 
nickel, an effect which was even more 
pronounced with higher nickel contents. 
A low alloy nickel-copper steel was in- 
cluded in Kalmus and Blake’s tests® 
before 1916. The conclusion was drawn 
that the addition of small amounts of 


— nickel steel corrodes at a substantially 
Pe lower rate in the atmosphere than unal- 
» loyed steels. The first preparation of 


& 


Fic. 1.—Vertical Atmospheric Exposure Rack. 


per together in producing a high strength 
steel but included only highly alloyed 
austenitic steels in his atmospheric expo- 


sure tests. Burgess and Aston‘ found 
a marked decrease in the rate of atmos- 


*H. M. Howe, “‘Effets relatifs de la corrosion sur le 
fer, l’acier doux et l’acier au nickel dans l’aire, |’eau de 
omer, et l'eau ordinaire,” Congrés International des 
 Méthodes d’Essai des Matériaux de Construction, Vol. 2, 


Part I, pp. 229 266 
1G. H. Clamer, ‘ ‘o-Nickel Steel,”’ Proceedings, 
Am. Soc. > Mats” Jol. X, p. 267 (191 0). 
F. Burgess and’ Aston, Influence of Various 
Bhasasioes’ on the Corr ibility of Iron,”’ Transactions, 
Am. Electrochemical Soc., Vol. 22, p. 241 (1912) 


copper and nickel to ingot iron signifi- 
cantly decreased its rate of weathering. 

A steel containing 3.75 per cent nickel 
was included in the world-wide marine 
tests of the Committee of the Institution 
of Civil Engineers. Atmospheric tests 
have been conducted at four seaports 
where losses in weight were measured 
at the end of 5, 10 and 15-yr. exposure. 

5H. T. Kalmus and K. 3B. Blake “Cobalt Alloys with 
Non-Corrosive Properties,” Report No. 411, Mines Branch, 

Canada Department of Mines, pp. 7 and 35 (1916). 
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The committee® concluded from the 5 
and 10-yr. results that “the addition of 
3.75 per cent of nickel to 0.31 per cent 
carbon steel enhanced markedly its re- 
sistance to aerial and fresh-water corro- 
sion.” The 15-yr. results’ further sub- 
stantiate this 

A note® concerning sory of the data to 
be described in the present report was 
contributed at the Symposium on High- 
Strength Constructional Metals held by 
the Society in 1936. Ag@the same sym- 
posium Cone® stated “During the 
past 10 yr., repeated @@Mpfirmation has 
been secured of the beneficial effects of 


\TMOSPHERIC DURABILITY OF STEELS 


645 


Weathering Tests Begun in 1925: 


Several experimental nickel-copper 
steels were included in an exploratory 
program started in 1924. The steels in 
question were made in a small high- 
frequency furnace from ingot iron and 
monel plus minor finishing elements. 
The ingots were forged to slabs and cold 
rolled to 0.020-in. strips which were 
finally annealed and ground bright. 

One of the tests of corrosion resistance 
planned was exposure to various natural 
atmospheres. Four test sites were 
selected to represent atmospheres of dif- 
ferent types. One was on a West Vir- 


TABLE I.—WEATHERING TESTS BEGUN IN 1925. 
Thickness of Specimens, 0.020 in. 


Chemical Composition, per cent 


Life to First Perforation, yr. 


Ingot iron 

Copper steel (Commercial)....... 

2 per cent nickel-copper steel.... 

4 per cent nickel-copper steel 

4 per cent nickel-copper steel........... 
6 per cent nickel-copper steel 

8 per cent nickel-copper steel..... ..... 
10 per cent nickel-copper steel........... 
10 per cent copper-nickel steel 


~ 


| 


Rural | Marine 


a 


on 


< 
02 COS Wore 


Failed by cracking. 


nickel in steels in contact with severely 
corroding atmospheres—fither along the 
seacoast or in industriag%centers and in 
certain other environme:¥s—in reducing 
the rate of attack and is: changing the 
character of the corro:;on products.” 


6S. M. Dixon and H. J. Grc™, “Deterioration of 
Structures of Timber, Metal and Concrete Exposed to 

Water,” Fifteenth Report of .ue Committee of the 
Institution of Civil Engineers, p. 49 (1935). 

7J.N. Friend, “Losses in Weight and Pitting of the 
Committee’s Iron and Steel Specimens After 15 Years 
Exposure,” Seventeenth Report of the Committee of the 
Institution of Civil Engineers, pp. 12-26 (1938). 

8 Discussion by N. B. Pilling of paper by E. F. 
Cone, “Carbon and Low-Alloy Sieels,”” Symposium on 
High-Strength Constructional Metals, p. 29, Pittsburgh 
Regional Meeting, Am. Soc. Testing Mats. (1936). (Sym- 
Posium available as a separate ae omg 

SE. F. Cone, ‘Carbon and Low-Alloy Steels,” Sym- 
Posium on High-Strength Constructional Metals, p. 1, 
Pittsburgh Regional ee a Am. Soc. Testing Mats. 
(1936). (Symposium available as a separate publication.) 


ginia farm some miles away from indus- 
trial activity. Another was on the beach 
in an isolated section of the New Jersey 
shore between Atlantic City and Beach 
Haven. A third rack was erected in the 
yard of this laboratory at Bayonne, ‘not 
far from the center of oil-refining ac- 
tivity. The fourth test site was in a 
very smoky spot in Pittsburgh, Pa. adja- 
cent to one of the railroad yards. On 
all racks the specimens were mounted in 
a vertical position facing south. 

The test racks are similar to that iilus- 
trated in Fig. 1 and are designed to hold 
3 by 5-in. sheet specimens. These are 
held at top and bottom in grooves in 
wooden cross members and are prevented 
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Fic. 2.—End View of Simulated Roofing Test 
Specimen. 
(A) Vertical surface, partly sheltered from direct im- 
pingement of rain 
eB Vertical surface, boldly exposed to rain. 
Sharp bend in sheet. 
Area having lower surface in contact with wood. 
and (F) Plane inclined surfaces. 
Area having lower surface in contact with wood. 
H Vertical surface, boldly exposed. 
J) on of water-line attact when trough is full of 


rain wa 
(K) es completely submerged when trough is full of 
rain water 
L) Area ¢ water-line attack. 
M) Trough bead. 
Lock seam, one-half soldered, one-half not. 
Fully sheltered lower surfaces. 


from creeping and rattling in wind by 
asbestos cord used to caulk them tightly 
in the lower grooves which are about 
in. deep. 

Inspections after the second year have 
been made at intervals of approximately 
1 yr. Upon these occasions records of 
failures and notes upon the general ap- 
pearance of the rust coatings are made. 
Perforation of sheet by corrosion at a 
distance } in. or more from the edges is 
considered the criterion of failure by cor- 
rosion. The life of the materials tested 
as the records stand to date is given in 
Table I. Not long after the fifth year 
the marine atmosphere exposure was 
terminated by a storm which washed the 
test rack out to sea. 

Results —The nickel-copper steels con- 
sistently demonstrated superiority over 
the copper steel in the sulfurous atmos- 
pheres and showed a high degree of 
resistance in the marine atmosphere 
under conditions to which the copper 
steel did not respond well. 


Simulated Roofing Tests: 


A more ambitious program was started 
in 1933 in which large samples were ex- 


ated Roofing-Sheet Specimens, Fire Island, N. Y. 
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posed, fabricated to simulate some of the 
conditions to which roofing sheets are 
exposed in practice. The design of the 
specimens is evident in Figs. 2 and 3. It 
was expected to yield information on the 
relative corrosion resistances of various 
steels not only when exposed as plane 
inclined surfaces but also at areas shel- 
tered from the rinsing action of rain, at 
seams, at sharp bends and in what might 
be called an alternate immersion expo- 
sure provided by an undrained rain 
trough. Each specimen was fabricated 


town. Another was on Fire Island, N. Y. 
at a point about 200 yd. from the 
ocean beach. A third was in the yard of 
the laboratory in the moderately indus- 
trial atmosphere of Bayonne. The 
fourth was on the roof of a passenger 
train shed in Jersey City where the 
atmosphere is highly sulfurous from loco- 
motive coal smoke. New York Harbor 
is a few hundred feet away, adding smoke 
from ships and tug boats and at times 
adding a slight salinity. 

All the test racks face south. 


TABLE II.—ANALYSIS OF MATERIALS IN SIMULATED ROOFING TESTS. ae 
Analysis, per cent 
Type of Steel 
Nickel Copper gancse Silicon Carbon phorus Sulfur 
| 0.008 | 0.40 | 0.005 | 0.095 | 0.111 | 0.059 
iron 0.06, 0.02 0.001 0.015 | 0.008 | 0.026 
0. -005 | 0.017 | 0.006 | 0.018 
Rephosphorized open-hearth copper steel........ Commercial .... | 0.252 | 0.49 | 0.005 | 0.065 | 0.052 | 0.022 
ee eee .... | 0.212 | 0.40 | 0.018 | 0.100 | 0.112 | 0.059 
Copper-molybdenum iron?....................... seve | 0.46 0.12 | 0.002 | 0.009 | 0.015 | 0.026 
1.96 | 0.03 0.14 | 0.14 | 0.06 | 0.013 | 0.028 
1.05 | 0.87 0.17 | 0.13 0.05 0.014 | 0.031 
OO reer ore 1.58 | 0.86 0.32 | 0.20 | 0.05 | 0.043 | 0.068 
AD (SS 8°) =e 1.77 | 0.93 | 0.13 | 0.13 | 0.05 | 0.012 | 0.030 
1 % nickel, 2 %copper................00.0-00- 1.24 | 2.23 | 0.39 | 0.63 | 0.08 | 0.017 | 0.033 
2 % nickel, 2 %copper........................ 2:16 | 1.97 | 0.28 | 0.52 | 0.06 | 0.018 | 0.005 
Experimental) 3.12 | 1.14 0.20 | 0.21 | 0.08 | 0.015 | 0.009 
BT EE ee eae 2.82 | 1.30 0.14 | 0.41 0.06 | 0.015 | 0.027 
ye SD eee ere 2.78 | 1.83 0.27 | 0.20 | 0.06 | 0.013 | 0.008 
2 4.40 | 2.05 | 0.24 | 0.20 | 0.11 | 0.019 | 0.008 
1. 5.53 | 1.31 0.17 | 0.15 | 0.08 | 0.012 | 0.007 
6.35 | 1.06 | 0.16 | 0.31 | 0 08 
2 | 6.40 | 2.12 0.13 | 0.12 | 0.11 0.014 | 0.011 


* Contains molybdenum, 0.09 per cent. 


by a tinsmith from two 18 by 36 by 
0.031-in. sheets. Thus the principal sur- 
face consists of an area 18 in, wide by 
36 in. long supported at an angle of 
30 deg. from the horizontal. This area 
slopes toward the front of the corrosion 
rack and terminates at the bottom in a 
section fabricated into a rain trough 
made watertight by soldered ends. 
Until corrosion results in leaks these 
troughs retain water for some time after 
rains. 

Four test sites were selected to provide 
atmospheres of different types. One was 
in a pasture on a farm in central New 
Jersey, 7 miles from the nearest large 


The analysis of the steels used in these 
exposures are given in Table II. The 
commercial bessemer and copper steels 
were secured from routine heats. The 
experimental nickel-copper steel ingots 
were made from 450-lb. or 1100-lb. arc 
furnace melts. The ingots were forged, 
hot-rolled to 0.40-in. sheets, annealed, 
pickled, and cold-rolled to 0.033 in. 
After a box anneal the sheets were cut to 
specimen size and were ready for fabrica- 
tion after a pickling and scrubbing 
operation. 

Results to Date——The dates on which 
inspections were made and the record of 
failures due to corrosion are shown in 
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Table III. As before, failure is defined 
as perforation of the sheet by corrosion 
at any point more than } in. removed 
from the edges. Directing attention 
first to the trough areas JKLM which 
represent rain gutters, it will be noted 
that these had all completely failed at 
the end of 6 yr. except those in the rural 
atmosphere. The corrosive conditions 
are much more severe than simple weath- 
ering and constitute a sort of alternate 
immersion test. The data in the last 
column of Table ITI show that the copper 
steels were much superior to the Bes- 
semer steel and that phosphorus addi- 
tions were definitely beneficial in the 
presence of copper. In the nickel-copper 
steels an excess of nickel over copper 
content was required to develop a degree 
of resistance to this “wet and dry” 
corrosion much superior to that of the 
copper steels. 

In the areas of the roofing specimens 
subjected to simple weathering, failures 
usually occur earlier in area A, where 
both surfaces of the steel are sheltered 
from rain, than in areas B to G, inclusive, 
where only the under surface is sheltered. 
The data confirm the beneficial effect of 
copper. The improvement effected by 
nickel additions is also evident but the 
magnitude of the superiority of the 
nickel-copper steels cannot yet be evalu- 
ated because none of the steels contain- 
ing more than 2 per cent alloy has yet 
failed. The advantage is probably 
greatest in a marine atmosphere where 
the copper steels failed so early that the 
2 per cent nickel steels and the nickel- 
copper steels containing more than 2 per 
cent alloy had already outlasted the 
copper steels 200 to 300 per cent at the 
end of 6-yr. weathering. Unfortunate'y, 
the record at the seacoast site at Fire 
Island, N. Y. cannot be completed be- 
cause the testing station was destroyed 
by the sea during the hurricane of Sep- 
tember, 1938. 
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TESTS OF A NICKEL-COPPER STEEL IN 
CoaL CARS AND IN SOILS 


By 1931 it had become clear that 
nickel in small percentages was beneficial 
to the resistance of sheet steel to atmos- 
pheric corrosion, and the data then avail- 
able suggested that the rate of improve- 
ment was within the limits of economic 
interest. Consideration of the balance 
between cost and greater life, between 


. increased mechanical properties and ease 


of working, lead to the selection of 2 
per cent nickel, 1 per cent copper as a 
type of composition for trial in two unu- 
sual opportunities which became avail- 
able at that time. These were a new 
campaign of soil corrosion burials by the 
National Bureau of Standards, and the 
repair of some seventy hopper coal cars 
on one of the railroads. 

The railroad coal cars were of 50-ton 
capacity and normally in use transport- 
ing bituminous coal. It was proposed 
to repair the droppers and bottoms using 
the nickel-copper steel in one half of each 
car, and ordinary open-hearth or copper- 
bearing steel in the opposite end for com- 
parison. These tests were under the 
direction of H. J. French and A. L. 
Roberts of The International Nickel Co. 
Several experimental open-hearth heats 
of nickel-copper steel were made which 
were hot-rolled into }-in. plate; the car- 
bon and copper-bearing steel plates were 
from commercial stocks. 

A typical analysis of the steel going 
into this experiment was 
Silicon, per cent....... 0.21 
The identification of carbon and copper- 
bearing plates was established by analy- 
sis after installation in the cars. 

The cars went into service in 1932 and 


ten of them were given approximately © 


4 
- 
= 
cs 
> 


7 Fi yearly inspections for rate of thinning of 


soils; nickel-copper steel in the 2 per cent 
_ the sheets. This measurement was ob- 


nickel, 1 per cent copper proportion was 


___ tained by drilling holes, 1.19 in. in diame- 


ter near the bottom of the inclined 
sheets, cleaning off the scale and microm- 
etering. The hole was then closed with 
a rivet. 
The result of four successive examina- 
tions is given: 


_ CUMULATIVE THINNING OF COAL CAR HOPPER 
PLATES. 


lAverage Loss in Thickness 


Average, per cent | of Plates, in. 


0.030} 0.044! 0.056 
0.024' 0.034! 0.043 
0.011) 0.019) 0.026 


.. Six years of a service which included 
the shock and abrasion of repeated load- 


ings and unloadings, weathering and con- 


submitted for inclusion. This material 
was supplied from experimental basic 
arc-furnace heats which were forged, hot- 
pierced and cold drawn to 1}-in. iron pipe 
size tubing having a wall thickness of 
0.25 in. The protective end caps to the 
tubular specimen were made from sand 
castings from a separate heat of the same 
type of steel. 

Several reports have been published by 
the Bureau of Standards on the results 
from this program, the latest of which!® 
deals with exhumations after 5.5-yr. 
burial. The data in Table IV have been 
taken from that publication. The selec- 
tion of steels for comparison and the 
averaging of data are our own; the 
grouping of soils is that developed on 
p. 526 of the paper cited. Those who 
may be interested in this are urged to 


TABLE IV.—ANALYSIS OF BUREAU OF STANDARDS SOIL CORROSION TESTS: 5.5-YR. DURATION. 


Composition, per cent 


Average Weight Loss by 


Average Depth of 
Corrosion, oz. per sq. ft. 


Deepest Pits, in.* 


Phosphorus 


-013 0. 
-016 0. 
0120 

0 


0.14, 0.21) 0.19] 


: 12) 1.08| 2.47 


5 Moderately 
Acid Soils 
Alkaline 


Acid Soils 
Soils 


| Molybdenum 

5 Moderately 

4 Alkaline 
Soils 

| 5 Acid Soils 


an | 5 Acid Soils 
wn 


335 


coco 


pepe 
BRAS 


@ All 4 steels were perforated by pitting in cinders. 


_ tact with the acid leachings from soft 
— coal, resulted in rates of thinning which 
were nearly proportionate to the lapse of 
time. The nickel-copper steel plates suf- 
- fered on the average only 50 per cent of 
the deterioration shown by copper-bear- 
ing steel, which in turn was more resist- 


ant than the carbon steel. 


Also in 1931, the National Bureau of 
Standards was preparing for a new series 
of corrosion tests on tubular ferrous 
materials buried in a variety of natural 


study the complete data given in the 
reference cited. 

These data clearly suggest, at the 
present stage of test, an advantage 
for the nickel-copper steel in resist- 
ance to general corrosion and pitting 
under several conditions of soil contact; 
it may be remarked that similar trends 
have not been noted by us in submerged 
corrosion tests in water. 


10K. H. Logan, “‘Soil Corrosion Studies, 1937," Journal 
of Research, Nat. Bureau Standards, Vol. 23, p. 515 (1939 
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EFFECT OF VARIABLES IN COMPOSITION 
(1933 SERIES) 


A quickening interest in nickel copper 
steels stimulated need for more informa- 
tion on the effects of composition factors 
on resistance to weathering. An exten- 
sive series of experimental nickel-copper 
steels was prepared in 0.015-in. gage and 
exposed as simple rectangular panels in 
the Bayonne industrial atmosphere. 
This thinner gage was selected in order 
to shorten the time to failure. Confin- 
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per cent carbon, and 0.01 to 0.12 per 
cent phosphorus. Each melt was killed 
with 0.02 per cent aluminum. Slices 
cut from each ingot were then cold- 
rolled with intermediate anneals and 
pickling treatments, as required, to 
0.015-in. strip. The final heat treat- 
ment was for 3 hr. at 1550 F. followed 
by furnace cooling. 

Procedure in preparing these steels 
was so standardized that it was not 
necessary to have the melts completely 


— , bt TABLE V.—ANALYSIS OF REPRESENTATIVE SPECIMENS FOR 1933 SERIES. 
A. ComMPpLeTe ANALYSIS OF SEVERAL TypicaL HEATS 


Nominal Composition, per cent _ 


Actual Analysis, per cent 


Nickel | Copper a Silicon | Carbon pid Nickel Coppe| _—. | Silicon | Carbon =. Sulfur 
0 0 0.3 0.1 0 0 | 0.05 0.08 0.28 0.06 0.03 0.006 | 0.030 
2 1 0.3 0.1 0 0 | 2.04 0.95 0.27 0.06 0.15 0.006 | 0.026 
2 1 2.0 0.1 0 0 1.96 1.03 1.85 0.06 0.17 0.012 0.031 
2 1 0.3 0.1 0 0.12 | 2.01 1.01 0.29 0.16 0.17 0.12 0.033 
B. VARIATION FROM NOMINAL COMPOSITION 
Composition, per cent 
Nominal 
andar 
27 1 1.038 0.044 
49 0 Less than 0.05 a 
27 1 1.060 0.040 
22 0.5 0.556 ke 
12 0 0.06 


® Manual on Presentation of Data, Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 453 (1933). 


ing the exposure test to a simple speci- 
men shape and to one atmosphere per- 
mitted concentration of effort upon a 
large number of combinations of nickel, 
copper, and minor element contents. 
Some 200 melts were prepared in a 
high-frequency induction furnace using 
an Armco iron base. They comprised 
12 series ranging from 0 to 4 per cent 
nickel and 0 to 2 per cent copper; 
each of these as a base additionally 
ranged 0.3 to 2.0 per cent manganese 
0.1 to 1.0 per cent silicon, 0.05 to 0.4 


analyzed. Determinations of nickel and 
copper were made with almost all 
of the strips with the results shown in 
Table V. Complete analyses of four 
typical steels of this series are included. 

To aid in the comparison of results 
of this experiment with those of the 
simulated roofing tests, strips were 
cut from each of the steels of Table II. 
These were cold-rolled to 0.015-in. 
gage, annealed at 1550 F. and pickled. 

The corrosion test specimens were 
exposed as 3 by 4.9 by 0.015-in. panels, 


7 > 
4 
> 
e 
e 
7 
 ~¥~ 
e 
c 
g 
Is 
d 
a 
feu - 
t 


PILLING AND WESLEY 


TABLE VI.—EFFECTS OF COMPOSITION: VARIABLES, 1933 SERIES. 


Life of 0.015-in. Strips at Bayonne, N. J., months 


1 


1 


2 2 2 


0 


0.5 


0 1 2 


Phosphorus, 
per cent 


59 over 83 72 


over 83 
over 83 


over 83 


over 83 
over 83 


over 83 
over 83 
over 83 


over 83 
over 83 
over 83 


over 83 
over 83 
over 83 


| coo | ooo °| 


eon 


72 
over 83 
79 


over 83 
over 83 
over 83 


over 83 
over 83 
over 83 


coco | ooo | ooo | cco! o 


over 83 
over 83 
over 83 
over 83 


over 83 
over 83 
over 83 
over 83 


over 83 
over 83 
over 83 
over 83 


This composition not represented in test. 


TABLE VII.—OTHER RESULTS FROM 1933 SERIES. 


Specimens of the steels from the Roofing Test of Table 
II were rolled to 0.015-in. gage and were exposed at same 
time as imental steels of Table VI. Atmospheric ex- 
posure at Bayonne, N. J. 


Type of Steel 


| 
Life, months 


Bessemer 0.01% Cu, 0.11% P 

Ingot iron 0.06% Cu, 0.01% P 

Open-hearth copper 0.20% Cu, 0.01% P... 

Rephosphorized open-hearth copper 0.25% 
u, 0.05% P 

Bessemer copper 0.21% Cu, 0.11% P 

iron 0.46% Cu, 


72 
More than 83 
More than 83 
More than 83 
More than 83 
More than 83 
More than 83 
More than 83 


Ni, 1 
Ni, 2 


Nr 
at of 


in an annealed condition and with a 
clean, pickled surface. They were held 
in a vertical position in wooden racks 
similar to those described earlier. for 
the 1925 tests. In the early stages 
inspections were made every few 
months, later about twice yearly. Per- 


foration of a specimen by corrosion at 
a point removed more than } in. from 
the edges was considered failure and so 
recorded. 


Effects of Manganese, Silicon and Phos- 
phorus: 


The record for most of the steels can 
be conveniently and concisely presented 
in the systematic arrangement of Table 
VI. ‘Data for steels which cannot be 
readily fitted into this arrangement are 
assembled in Table VII. Considering 
the elements manganese, silicon and 
carbon first, one is tempted to conclude 
that higher manganese contents give 
erratically higher life, while higher sili- 
con and higher carbon have no effects. 
Analysis of the data, however, indicates 
that there is no statistical basis for 
concluding that any of these elements 
exerted a significant effect. On the 
other hand the large proportion of 
specimens which have not yet failed 
after 83 months exposure in the group 


of 
phe 
Nickel, per cent......| 0 | 0 0 | 0 1 4 4 4 
a Copper, per cent.....} 0 0.5 1 2 | |_| 0 1 2 E 
~ 
0.3} 4) | 31 | 35 | 49 37 31 | over83| 59 Wi 
0.6] 0.1 1s | 2/15 | 26 59 31 37 35 cle 
1.0 0.1 35 | 46 | 59 | 28 | 28 31 37 37 37 
0.1 2% |52|31 31 63 72 \|over83| @ 
— 19 | 26 | 31 | 31 28 37 37 44 40 
_. 24 a | 31 | 44 31 a 72 59 
1.0 2 | 2 | 46 35 37 a 59 
|overs3| 31 | 31 | 28 31 40 63 44 
26 | 63 | 2 37 | 59 28 31 72 37 
0.1 a 2 | 31 | 52} 31 |over83| 25 79 44 
0.1 | 37 37 44 59 59 
’ 0.3 0.1 28 6 46 | 72 | over83| over 83 | over 83 46 e 
0.3, 0.1 28 59 | 44 | over83| 37 40 | over 83 | over8 
0,3 0.1 4 | * | 40| 2 | 37 44 40 |over83| 44 
42 
35 
7 * 31 
% Ni, 0 Cu... 59 
% Ni,1 % Cu.... 46 
Ni, 1 det 59 
% Ni, 2 
% Ni, 1 
% Ni, 2 otk 
aa Is 
Ex 
wh 
ter 
nic 
VI 
ste 
cel 
nic 


of steels containing 0.03 to 0.12 per cent 
phosphorus is strong indication that 
this element exerts a beneficial effect 
when added to nickel and copper steels. 


Effects of Nickel and Copper: 


Statistical analysis is not needed to 
establish that an improvement is con- 
ferred by nickel and copper additions. 
With these there is a sweeping trend 
clearly over-riding the variations of 
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In attempting to express the results 
of these tests quantitatively it is evident 
that this cannot be done by calculating 
the average life for steels with each 
combination of nickel and copper con- 
tent because many of the steels have not 
yet failed. Again, a simple average 
does not eliminate the errors due to 
time elapsed between the occurrence 
and the recording of a given failure. 
Passano and Hayes" suggest that data 


° by, ° 0° ° 00 ° 
patie 
60}- 000 ° ° © 00 0000 
° ° ° ° ° © 000 
40 ° 000 
° 0000 000 
30+ ©. 0000 0000 C00 000 
oo ° ° 
a 
Nickel 0 0 001 2 2 2 4 
Fic. 4.—Effect of Nickel and Copper, 1933 Series. 


other elements of composition. This 
is made clear by Fig. 4 which includes 
the results with not only the steels of 
Table VI but those of Table VII. 
Exceptions to the general trend occur 
when the ratio of copper to nickel con- 
tents is too high. Thus the 1 per cent 
nickel, 2 per cent copper alloy of Table 
VII is inferior to the other nickel copper 
steels and the 2 per cent nickel, 2 per 
cent copper is inferior to the 3 per cent 
nickel, 1 per cent copper steel. 


of this sort can best be evaluated by 
determination of the “most probable 
life” of a group of specimens, namely, 
the time of exposure at which 50 per 
cent of the sheets in the group have 
failed. The effect of frequency of in- 
spection is minimized by plotting a 
“time versus percentage failures” curve 
on Hazen probability graph paper. If 
the data show the usual probability 

11 R. F. Passano and Anson Hayes,“‘A Method of Treat- 


ing Data on the Lives of Ferrous Materials, ” Proceedings, 
Am. Soc. Testing Mats., Vol. 29, Part IT, p. 220 (1929). 
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distribution a straight line is obtained 
on this paper. The point of intersec- 
tion of the straight line with the 50 
per cent mark corresponds to the maxi- 
mum of the probability function (or 
where the largest number of samples 
failed) which is the most probable life. 

Most of the groups of data of Fig. 4 
when plotted upon Hazen probability 
paper diverged from a straight line, 
particularly at low and high values of 
percentage failures, but it was felt that 
the best line drawn through points near 
the 50 per cent mark yielded a value for 


TABLE VIII.—1933 SERIES: ESTIMATE OF MOST 
PROBABLE LIFE. 


The “most probable life”’ is defined by Passano and 
Hayes " as the time at which 50 per cent of the sheets 
of a given class have failed. 
azen probability graph paper was used in estimating 
this time. 


Composition, per cent Most Probable 


e, months 


Nickel Copper 


ere NNN KK 


More than 85 
More than 85 


neo 


most probable life which does indeed 
have quantitative significance. 

The results of these determinations 
are presented in Table VIII. From 
them and from Table VII can be drawn 
the following conclusions: 

(a) The beneficial effect of nickel 
added alone increases continuously with 
increase in nickel content. 

(6) Addition of copper to nickel 
steels has a beneficial effect upon dur- 
ability but a maximum effect is achieved 
at a copper content probably somewhat 
less than the nickel content. 

(c) Addition of nickel to copper 
steels increases their durability. Green- 


idge and Lorig” concluded that 0.4 
per cent nickel added to copper steels 
is not very effective but the present re- 
sults show that a nickel addition of 1.0 
per cent accomplishes marked improve- 
ment. 


CoRROSION-TIME RELATIONSHIP 


A convenient method for determina- 
tion of change in rate of corrosion with 
time is the electrical resistance method 
which has been employed successfully 
by various workers studying the corro- 
sion of non-ferrous metals, for example, 
by Burns and Campbell.” It did not 
seem desirable to follow the customary 
procedure of employing wires as test 
specimens because wires could not be 
expected to duplicate the weathering 
behavior of sheet steel which forms so 
much coarser a coating of rust. In- 
stead specimens were prepared from 
some of the 0.015-in. steel sheets in the 
form of strips 0.50 in. wide. Each end 
of the strip was firmly attached to a 
heavy copper lug so that the length 
whose resistance was to be measured 
was 10.5 in. and would remain constant 
at this value. The ends were lacquered 
and painted to prevent galvanic effects. 
The initial resistance (R,) of each speci- 
men was carefully measured at 100F. 
and the test specimens were exposed on 
an unsheltered rack at Bayonne in such 
a position that the long dimension was 
in a horizontal direction, but the sur- 
faces of the strip were vertical. Each 
time that a measure of the amount of 
corrosion was“ desired, the specimens 
were brought indoors, allowed to dry at 
room temperatures and then were sub- 
jected to another measurement of re- 
sistance (R,) at 100 F. They were then 
restored to the exposure rack without 


12 C. T. Greenidge and C. H. Lorig, “Copper Steels,” 
Iron Age, Vol. 145, No. 7, p. 21 (1940). 

_ 4™R. M. Burns and W. E. Campbell, “Electrical Re- 
sistance Method of Measuring Corrosion of Lead by Acid 
Vapors,”’ Transactions, Electrochemical Soc., Vol. 55, 
p. 271 (1929). 
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TABLE IX.—CORROSION-TIME RELATIONSHIP 
Decrease in etibels of 0.015-in. steel te measured by change in electrical resistance during exposure to the 


Bayonne atmosphere. Decrease in thickness = ——.—— Ro y 0.015 in. 
‘oe Analysis, per cent Decrease in Thickness, in 
ew} Estimated 
3 2 ecrease 
Material 5 a2 32 |Equalto 
| | | — | — | |] —|— 
Ingot iron..........|..... 0.06} 0.02 0.001 0.015 0.008 0.026/0.00281|0.00360|0.00530 0.00765|0.00882} 24 
Copper-molybde- | | | | | | 
0.46 0.12 0.002 0.009 0.015 0.026/0.00309/0.00389 0.00488 0. 00630) 0.00695 '0.00926 41 
Experimental steel..| 1.96' 0.03 0.140.14 0.06 0.013 0.028/0.00234/0.00290/0.00336 0. 00501! 0.00582 0.00783 66 
1.77 0.93 0.13 0.13 0-012 0.030/0.00225/0.00275|0.00363 0.00438/0.00513 0.00689 98 
3.12) 1.14, 0.20 0.21 |0.08 0-015 0.009 0.00269|0.00290 0.00348/0. 00431/0. -00483/0. -00633 130 
Contains 0.09 per cent. 
> Strip corroded through at several points and broken at one. 


0.010 
8 0.008 
20.006 
0.005 > 
= 0.004 ran 
0.003 
Cc 
° Ingot Iron - 
= 0.002 a 2per cent Ni-/per 
£ cent Cu Stee/ 
® 0.001 0.010 
5 > 
0.0085 
tNi-Oper —40.002£ 
to | cent Cu Stee/ 
5 10 20 30 50 100 200 
disturbing the rust coating which had The results of this experiment thus _ 7 
formed to date. far are presented in Table [X and Fig. - 


Decrease in thickness of the test strips _ 5. = 
was computed from the change in re- 
sistance by using the simple formula: 


Discussion of Corrosion-Time Relation- 
ship: 


The relationship between the log- 
arithm of the amount of corrosion and 
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the logarithm of time of exposure in 
Fig. 5 is a straight line, as were Pas- 
sano’s“ curves for plain and copper 
steels. An important conclusion to be 


_ drawn from the present results is that 
the superiority demonstrated by the 


alloyed 


steels becomes progressively 
greater with increase in duration of the 
exposure, hence with increase in gage 
of the metal being tested. 

The more rapid decrease in rate of 
corrosion with time with the alloyed 
steels is related to the structure and 


5 in. in size, cut from 22 gage, clean, 
pickled sheet. These were exposed in 
two ways: one set was mounted on a 
boldly exposed rack similar to that 
shown in Fig. 1; the second set was ex- 
posed outdoors in a vertical position 
and half immersed in water in an open 
unsheltered trough. The trough was 
kept full of water by rain and by use of 
an inverted bottle of distilled water as a 
constant level device. Each steel was 
exposed in triplicate and it was planned 
to remove one piece of each trio from 


TABLE X.—ATMOSPHERIC AND SEMI-IMMERSION TESTS AT BAYONNE STARTED IN 1934. 


In the semi-immersion or water-line tests clean sheet specimens 5 in. square were exposed outdoors half immersed in 
an open unsheltered trough. The water level was maintained by use of an inverted bottle of distilled water as a constant 


level device. 


Chemical Analysis, per cent 


Loss in Weight, mg. per sq. dm 
per day 


Copper 


| Manganese 
| Carbon 


Phosphorus 


° 
=] 


Atmospheric 


Sulfur 

Molybdenum 
months 
months 


126 
36.8 


| Chromium 
| 20 months 


92. : 29. 
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protective value of the rust coatings. 
Steels with rapid rates of corrosion 
developed very coarse-textured rust 
coatings while the more resistant steels 
were readily recognized by the fineness 
and good adherence of their rust. 


ATMOSPHERIC AND SEMI-IMMERSION 
TEstTs STARTED IN 1934 


A group of 11 alloy structural steels 
was exposed to the Bayonne atmosphere 
in 1934. The specimens were 2.5 by 


4 R. F. Passano, ‘The Harmony of Outdoor Weather- 
ing Tests,’’ Symposium on the Outdoor Weathering of 
Metals and Metallic Coatings, p. 28, Washington Regional 
Meeting, Am. Soc. Testing Mats. (1934). (Symposium 
available as a separate publication.) 


test at the end of 1, 3 and 8 yr., respec- 
tively. 

The first two periods of test have 
been completed for the atmospheric 
exposure and the semi-immersion test 
was terminated at the end of 20 months. 
The weight changes are given in Table 
X. Although the losses of the par- 
tially immersed specimens were about 
double those in the atmospheric tests 
the damage done to the former was 
much greater because there was localiza- 
tion of attack near the water level or 
at the edges of the specimens. The 
more highly alloyed steels were definitely 


| 
imn 
I 
hig] 
to 1 
The 
- Steel 
= 
18.9 | 23.4 | 18.8 
19.3 |. 21.7 | 17.5 
18.3 | 21.6 | 16.5 
21.8 | 17.9 | 15.3 
19.8 | 17.8 | 15.7 
27.4 | 24.2 | 21.9 
24.3 | 15.1 | 14.7 
17.3 | 21.8 | 19.2 
26.6 | 16.9 | 19.2 
19.1 | 20.0 | 16.5 
... | 15.6 | 13.6 
16.0 | 13.5 | 13.1 


superior to the others in the partial 
immersion test. 

In the atmospheric tests the more 
highly alloyed steels were again superior 
to the others in resistance to corrosion. 
The third set of these steels is still 


ta 
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exposed. The marked drop in corro- 
sion rate with time in the first 3 yr. 
indicates that tests of this sort should 
be continued for many years if the true 
relative longevity of alloy steels is to 
be established. ay 
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HE EFFECT OF PROTECTIVE COATINGS. ON THE THE pride.» 
CORROSION-FATIGUE STRENGTH OF STEEL aa 


By Tuomas J. Dotan! anp H. BENNINGER! 


To examine the relative efficiency of protective coatings in increasing the 
corrosion-fatigue strength of steels, laboratory tests were made of the follow- 
ing types of protective coatings: 

1. A quenched and tempered S.A.E. 3140 steel with thin electroplated 
cadmium and zinc coatings and also a cyanided surface. 

2. A silicon impregnated case on S.A.E. 1020 steel. 

3. A nitrided case on S.A.E. 6120 steel. 
All specimens were subjected to completely reversed cycles of flexural stress 
while in contact with fresh tap water. It was found that the corrosion-fatigue 
endurance limits for all coatings except the silicon impregnation were con- 
siderably below the endurance limits of the uncoated material in air. The 
specimens with the silicon impregnation coatings exhibited the same endurance 
limits in air and in water, but the value of the endurance limit was only about 
22,500 psi. 

The zinc-plated specimens had a somewhat higher corrosion-fatigue en- 
durance limit than did the cadmium plated specimens but both platings gave 
endurance limits less than 45 per cent of the endurance limit of the uncoated 
material in air. 

The chief effect of the electroplated coatings seemed to be a lengthening 
of the time (and number of cycles of stress) required to cause failures of the 
coated specimens in corrosion-fatigue. 

The nitrided case was very efficient in resisting pitting due to corrosive 
attack and the corrosion-fatigue endurance limit of the nitrided specimens 
was the highest obtained (85,000 psi.) from any of the materials tested. 
Several tests of specimens coated with bakelite varnishes indicated that an 


FT vias increased corrosion-fatigue strength would be developed if a continuous im- 
; ate pervious coating can be maintained. 


A serious reduction of the fatigue 
strength of steel specimens is produced 
by the simultaneous action of a mildly 
corrosive liquid in contact with the 
steel while it is being repeatedly stressed. 
The resistance to this type of combined 


1 Assistant Professor of Theoretical and Applied 
Mechanics, and Former Geetunte Student, respectively, 
University of Illinois, Urbana, II. 
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action (called corrosion-fatigue strength) 
depends chiefly on the ability of the 
surface material to resist localized cor- 
rosive attack; unless corrosion pitting 
is prevented, increasing the static 
strength and ordinary fatigue strength 
of a steel by alloying or heat treatment 
does not materially affect the corrosion- 
fatigue strength. ae. 
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A study of the available test data? 
leads to the conclusion that a significant 
increase in the corrosion-fatigue strength 
of a steel could be obtained if the surface 


TABLE I.—HEAT ANALYSES OF STEELS. 


either be inhibited or prevented from 
progressive deepening with time. 

The purpose of the investigation 
herein reported was to determine quanti- 
tatively the protection offered by several 
commercial impregnations and coatings 


_| on steel specimens subjected to com- 
| 
Steel 28 pletely reversed cycles of flexural stress 
$38 while under the corrosive influence of a 
|——}_|— | stream of fresh tap water. A com- 
SAE. 3140... :|0.37 0.71 0.015 0.020 made of the endurance 
$.A.E. 6120...... (0.20 0.68 0.017 0.024 0.870.15,....|.°.. limits of specimens tested in air with the -$ 
TABLE II.—PROTECTIVE COATINGS TESTED. = 
Final 
Preliminary Heat ede of Thickness 
Type of Steel Treatment Protective Treatment of Coat- 
§.A.E. 1020....... Annealed at 1610 F. Heated 14 hr. at 1840 F. in mixture of | Silicon im- | 0.02 
silicon carbide and chlorine gas, pregnation 
cooled in furnace 
Electrolytic bright zinc plating Zinc | 0.00015 
S.A.E. 3140....... | Normalized at 1600 F.; || Electrolytic cadmium plating Cadmium 0.0001 
quenched in oi] from }| 2 coats air hardenable bakelite varnish | Bakelite var- oe 
$590 tempered at | _ nish 
| 1100 F. 2 coats heat hardenable bakelite varnish, | Bakelite var- ois 
jes | baked at 300 F. | nis 
S.A.E. 3140. ......| Normalized at 1650 F. Heated in cyanide salt bath at 1520 F. | Cyanide case | 0.004 ’ 
for # hr., quenched in oil, tempered at 
400 F. 
S.A.E. 6120....... Quenched in oil from 1630 |Heated 60 hr. at 970 F. in ammonia gas Nitrided case | 0.02 
F.; tempered at 980 F. 4 


TABLE III.—MECHANICAL PROPERTIES OF STEELS TESTED. 


El End 
ie onga- ndur- 
Tensile |Reduction} 
Strength tion in Rockwell ance 
Material and Condition © 2 in., Hardness in 
t), per cen » Psi. 
psi. 
Core B-81 
Silicon impregnated S.A.E. 1020 steel. ...... 26 0007 51 C90 40.0° 42.3 Case B-99 22 500 | 
Quenched and tempered S.A.E. 3140 steel. ..} 93 850 124 150 20.0 68.5 C > 67 000 = 
ore C- 
Cyanided S.A.E. 3140 steel.................. 181 000% | 238 000 
‘ore C- 
Nitrided S.A.E. 6120 steel. ................. 103 750 | 122150 Case C-574 105 000 


Onespecimen. Allother valuesareaverageofthreetests. 
Specimen was 1 in. indiameter. All other specimens were 0.35 in. in diameter. 


Negligible. 
As converted from Vickers-Brinell readings. 
were coated or otherwise treated in such 
manner that the localized corrosion pits 
usually developed by the simultaneous 
corrosion and repeated stressing would 


; 2For an extensive bibliography see H. J. Gough, 
‘Corrosion-Fatigue of Metals,”? Journal, Inst. Metals, 
ol. XLIX, No. 2, p. 17 (1932). 


er 


endurance limits of coated specimens 
tested in water. The effects of thin 


electroplated zinc and cadmium coatings, 
heat and air-hardenable bakelite var- 
nishes, cyaniding, nitriding, and silicon 
impregnation, on specimens subjected 
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to this type of corrosion-fatigue test 
were studied. 


SPECIMENS, MATERIALS AND COATINGS 
TESTED 


Tests were made on seven groups of 
specimens, each group of which had a 
different kind of protective coating, and 
three different steels were used in the 
tests: namely, S.A.E. 3140, S.A.E. 
6120, and S.A.E. 1020. The heat anal- 
yses of the compositions of these steels 
are given in Table I, and a brief outline 
of the various heat treatments used and 
the methods of applying the protective 
coatings to specimens of each group, is 
shown in Table II. The mechanical 


properties of each steel in the final test 
condition are listed in Table III. 

The type of fatigue specimen used for 
the silicon impregnated coating is shown 
in Fig. 1 (a), and that for the nitrided 
and cyanided coatings is shown in Fig. 
1 (c). The other fatigue specimens of 
the S.A.E. 3140 steel were all of the 
type shown in Fig. 1 (0). All groups of 
specimens except those with the silicon 
impregnated coating were given a final 
longitudinal polish with No. 00 emery 
paper before the protective coatings 
were applied and were not repolished 
before testing. The silicon impregnated 


case on the S.A.E. 1020 steel was ap- 
proximately 0.03 in. thick after treat- 
ment and about 0.01 in. of this case 
was ground off to remove surface 
roughness from the final specimen. 
These specimens were rough polished 
before the silicon impregnation treat- 
ment and were subsequently ground 
and given the final longitudinal polish 
with No. 00 emery paper before testing. 

Two types of machines were used in 
making these tests: (@) Farmer type 
rotating-beam machines in which the 
0.30-in. diameter specimens were tested, 
and (b) rotating cantilever beam ma- 
chines* in which the 1-in. diameter 
specimens were tested. Water was 
piped to the corrosion-fatigue machines 
directly from the supply mains and a 
small stream allowed to run on the speci- 
mens while they were being stressed. 
The total hardness of this water varies 
from 250 to 300 p.p.m., dissolved oxygen 
varies from 6 to 8 p.p.m., and the pH 
ranges from 7.8 to 8.2. The average 
temperature of the water during these 
tests was approximately 63 F., and each 
specimen was subjected to approxi- 
mately 1450 reversals of stress per min- 
ute. All traces of oil were removed from 
the specimens tested in corrosion-fatigue 
by first washing the specimens in gasoline 
and then cleaning with acetone. 


TrEst DATA AND DISCUSSION OF RESULTS 


Typical corrosion-fatigue failures of 
several specimens of S.A.E. 3140 steel 
are shown in Fig. 2. The number of 
corrosion-fatigue pits appearing on the 
surface of the coated or uncoated S.A.E. 
3140 steel specimens was a function of 
the stress and type of coating. In 
general, for a given type of protective 


3 For a complete description of the essential features of 
these machines see H. F. Moore and G. N. Krouse, “‘Re- 
peated Stress (Fatigue) Testing Machines Used in the 

aterials Testing Laboratory of the University of Ill- 
inois,” Circular No. 23, Engineering Experiment Station, 
University of Illinois (1934). 
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Fic. 2.—Corrosion-Fatigue Specimens of S.A.E. 3140 Steel After Failure. 


(A) Cadmium plated; after 77 million cycles at 18,000 psi. 
(B) Uncoated; after 102 million cycles at 15,000 psi. 
(C) Zinc plated, after 108 million cycles at 30,000 psi. 
(A light surface deposit from the water was removed by rubbing with fine emery paper before photographing. er. 
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Flexural Unit Stress (S), psi 

Flexural Unit Stress (S), psi. 
8 


Jested in air 
e Jested in water 


LUT 
10° 10 10” 
Cycles for Rupture (N), log scale 


Cycles for Rupture (N), log scale 


Fic. 3.—S-N Diagrams for Reversed Flexural Fic. 4.—S-N Diagrams for Reversed Flexural 
Fatigue Tests of S.A.E. 3140 Steel. Tested Fatigue Tests of Silicon Impregnated S.A.E. 
in water unless noted otherwise. 1020 and Nitrided S.A.E. 6120 Steel. 
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coating, the lower the stress, the fewer 
and deeper were the corrosion-fatigue 
pits when the specimen ruptured. Fur- 
thermore, the specimens with the zinc 
plating (which is electrochemically more 
active than cadmium) exhibited a larger 
number of small corrosion-fatigue pits 
than those with the cadmium plating. 
It is interesting to note that no visible 
corrosion pits were found on any of the 
nitrided or cyanided specimens tested; 
these coatings evidently offered a pro- 
tection against localized corrosive 
pitting. 


TABLE IV.—ENDURANCE LIMITS OF 
SPECIMENS TESTED. 


Based on 100,000,000 cycles of stress. 


| Ratio of 
Endur- 

Endur- | Endur- Limit in 

| ,ance | ance. | Water to 
Limit Limit in) 
4 | in Air, | Water, 
the psi. | psi. 


Material 


ance 
Limit in 


Uncoated, S.A.E. 3140 
Quenched and Tempered. . 
Cadmium plated, S.A.E. 


105 000 
22 500 


22500 | 100.0 
*No data are available concerning the endurance 
limits of these specimens in air. As a basis on which to 
determine the percentage protection against corrosion 
offered by these coatings, the endurance limit in air of the 
quenched and tempered, uncoated material is used. 


The S-N curves in Figs. 3 and 4 
show the results obtained for each 
specimen tested, and the endurance 
limits for each type of coating were 
scaled from these curves as the stress 
which was just sufficient to cause failure 
in 100 million cycles of stress. Even 
though no definite horizontal asymp- 
totes are obtained to the S-N diagrams 
for corrosion-fatigue tests, it was felt 
that this was a sufficiently large number 
of cycles of stress on which to base the 
relative protective value of various 
coatings. 


BENNINGER wi 

Table IV shows the effect of corrosion 
on the endurance limits of the several 
steels and coatings tested. In the last 
column of this table are listed the ratios 
of the endurance limits of the specimens 
in water to the endurance limits of 
similar specimens tested in air, which 
ratio gives a measure of the relative 
efficiency of the protective coating in 
corrosion fatigue. 

The results of corrosion-fatigue tests 
on cadmium- and zinc-plated S.A.E. 
3140 steel specimens indicate that only 
a small amount of permanent protection 
against corrosive attack was produced 
by these coatings. From the S-N 
curves in Fig. 3 it may be observed that 
the life of these specimens was materially 
lengthened by the application of either 
coating if the part was subjected to 
cycles of stress above the corrosion- 
fatigue endurance limit. However, only 
a small increase in utilizable strength 
of the steel would result from the thin 
cadmium-plated coating when the part 
was subjected to an indefinitely large 
number of cycles of relatively low stress, 
whereas the thin zinc plating produced 
a definite increase in the corrosion- 
fatigue strength. Both of these electro- 
lytically plated coatings were very thin 
and would usually be intended only for 
very mild service; perhaps thicker plat- 
ings would produce a somewhat more 
effective protection. 

The protective efficiencies of the 
electrolyticly plated coatings as judged 
by the ratios of the endurance limits 
when tested in water to the endurance 
limits in air (which ratios are listed in 
the last column of Table IV) were 
much smaller than those obtained by 
Harvey‘ in his study of zinc and cad- 


‘ 
662 
= 
Zinc plated, S.A.E. 3140.... 28000; 41.8 
Cyanided, $.A.E. 3140...... 16000 | 23. 
Nitrided,'S.A.E. 6120... 85000 | 80.5 
» 
= 
‘W. E. Harvey, “Cadmium Plating versus Corrosion- 
Fatigue,”’ Metals and Alloys, Vol. 3, No. 3, March, 1932, 
{ 9p. 69 72; also ‘‘Zinc as a Protective Coating Against the 
Sorrosion-Fatigue of Steel,’’ Metals and Alloys, Vol. 1, 
¢ No. 10, April, 1930, p. 458. 
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mium as protective coatings for corro- 
sion-fatigue. This difference can 
probably be accounted for by the fact 
that his platings were much thicker, and 
he used a smaller number of cycles of 
stress as a criterion of the corrosion- 


once formed in a coated flexural fatigue 
specimen, it is only a question of time 
before the pit develops to a sufficient 
depth to originate a final fatigue frac- 
ture. Pits of the types shown in Fig, 
5 were developed on both cadmium- 


Fic. 6.—Fatigue Cracks in Silicon Impregnated Case on S.A.E. 1020 Steel (X 100). 


Longitudinal section of specimen. 


core (below C) was a pearlitic low carbon steel 


fatigue endurance limit than those of 
the tests herein reported. There un- 
doubtedly is a progressive lowering of 
the corrosion-fatigue endurance limit 
as the number of cycles of stress (and 
corresponding period of corrosion) are 
increased. After a corrosion pit has 


imens tested. While 


Etched in 2 per cent Nital. The case A, has a high silicon content. The carbon 
was displaced from the area of the case and formed a layer B of high carbon content benea 


thecase. Thematerial in the 


and zinc-coated specimens after several 
million cycles of stress while in contact 
with water. 

Cyaniding of the S.A.E. 3140 steel 
did not produce a definite increase in 
corrosion-fatigue strength of the spec- 
the specimens 
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showed no visible signs of corrosion 
pitting, which would indicate a protec- 
tion against corrosive action, it was 
evident that the carbon content of the 
original steel was too high or perhaps the 
treatment employed was unsatisfactory 
for proper application of a cyanide case. 
The specimens were extremely brittle 
and warped slightly in quenching. Pos- 
sibly some residual stresses were also 
present in the specimens and the com- 
bined effect of these undesirable condi- 
tions was to lower the endurance limit 
very materially. Perhaps a cyanide 
case would be effective in increasing the 
corrosion-fatigue strength of a _ low- 
carbon steel if the treatment could be 
properly controlled. 

While no data are available concern- 
ing the endurance limit in air for the 
untreated S.A.E. 6120 steel, it can be 
assumed from the high endurance limit 
obtained (105,000 psi.) that the nitrided 
surface on this steel greatly increased 
the fatigue strength of the specimens in 
air. The data in Table IV indicate 
that the nitrided case was very effective 
in resisting the corrosive attack and that 
approximately 80 per cent of the strength 
of the nitrided steel, as determined by 
the endurance limit of the material in 
air, can be utilized if the material is 
simultaneously subjected to fresh water 
corrosion and fatigue. The endurance 
limit of 85,000 psi. obtained for the 
nitrided specimens tested in water is 
higher than that obtained for specimens 
of most steels when tested in air and is 
about four times as great as the usual 
corrosion-fatigue endurance limits of 
most steels. 

The silicon impregnated S.A.E. 1020 
steel was the only material studied that 
had a corrosion-fatigue endurance limit 
equal to the endurance limit in air. 
The fatigue strength of the S.A.E. 1020 
steel in air was probably lowered some- 
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silicon case; however, the corrosion- 
fatigue endurance limit of untreated 
S.A.E. 1020 steel would normally be 
lower than that obtained for the speci- 
mens with the silicon impregnated case. 
One factor which affected the strength 
of the silicon impregnated, low-carbon 
steel was the porosity of the case which 
developed a notch effect on the speci- 
mens subjected to repeated loading. 
The photomicrograph in Fig. 6 shows 
several fatigue cracks which progressed 
through the case of the material and in 
some instances started from pits in this 
porous surface. The strength of these 


TARLE_ V.—RESULTS OF CORROSION-FATIGUE 
TESTS OF S.A E. 3140 STEEL COATED WITH 
BAKELITE VARNISHES. 


Flexural Stress, psi. Cycles to Fracture 


Heat Hardenable Bakelite Varnish XV 11444 


2 628 300 
171 122 000° 


“Air Hardenable Bakelite Varnish 15BK 


Air Hardenable Bakelite Varnish 12BK 


14 497 800 
13 488 700 


? Specimen did not fracture, but test was stopped at 
the number of cycles indicated. 


silicon impregnated specimens in fatigue 
would normally be governed by the 
strength of the case and the notch- 
sensitivity of the material; perhaps the 
fatigue strength could be improved 
somewhat by close metallurgical control 
to prevent formation of deep pits, and by 
grinding off the case to a greater depth 
to remove most of the outer porous layer 
of the material. No corrosion pits were 
observed on the surface of the silicon 
impregnated specimens that were tested 
in water; even after two hundred million 
cycles of a stress in the neighborhood 
of the endurance limit only a slight 
discoloration of the surface could be 
detected. 
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3 “3 Only a few tests were made of speci- 


mens with surfaces coated with bakelite 


varnishes and the results for each speci- 


- men tested are shown in Table V. By 
comparison with the S-N curves in 
Fig. 3, it will be noted that all of these 
bakelite varnishes were effective in 
increasing the life of the specimen be- 
yond that of the untreated steel, and 
that two of these varnishes apparently 
increased the corrosion-fatigue endur- 
ance limits to values above those ob- 
tained for any of the other coatings 
employed on the S.A.E. 3140 steel. 


| _ It was found difficult to obtain a good 
- uniform adherence of the varnish with- 
out the necessity of roughening the 


surfaces of the specimens, and the 
fractured specimens showed an irreg- 
ular distribution of corrosion pitting at 
localized areas in which the varnished 
surface had dust particles imbedded or 


had cracked at random when stressed 
_ during the test. 


For service conditions 
in which abrasion is not likely to occur, 
some of the bakelite varnishes may offer 
an effective means of protecting a 
member from localized corrosive attack 
and should materially increase the cor- 
rosion-fatigue strength of a member if 
an impervious adherent coating is ob- 


tained. 
In general, the corrosion-fatigue en- 
durance limits for specimens with com- 
mercially used protective coatings were 


considerably below the endurance limits 
of the steels tested in air. Specimens 
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with a silicon impregnation case ex- 
hibited the same endurance limit when 
tested in air or in water, but the value 
obtained for this endurance limit was 
comparatively low (about 22,500 psi.). 
Zinc-plated specimens had a greater 
corrosion-fatigue strength than the cad- 
mium-plated specimens, but both plat- 
ings were rather thin and gave endurance 
limits less than 45 per cent of the fatigue 
strength of the uncoated steel in air. 
Specimens with a nitrided case were 
very efficient in resisting pitting by 
corrosive attack, and a very high corro- 
sion-fatigue strength was obtained for 
the nitrided specimens (85,000 psi.). 
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Mr. BLAINE B. Wescott! (presented 
in written form).—The authors have 
presented some very interesting data 
pertaining to the protective value of 
various types of electroplated coatings 
and surface treatments against corrosion- 
fatigue. The tests made on the steels 
with the different surface treatments, 
silicon impregnation, cyanide case, and 
nitrided case, provide useful information, 
but the same is not true of the tests made 
to evaluate the electroplated zinc and 


DISCUSSION 


corrosion-fatigue. The value of the 
data would have been increased greatly 
if these tests had been made on im- 
pervious electroplated coatings of ap- 
preciable thickness. 

The data in the accompanying Table 
I are offered as additional informationon 
the utility of electroplated metallic — Ra) 
coatings for protection against corrosion- _ 4 
fatigue. The tests were made on R. R. 
Moore machines modified so that the 
samples were completely immersed in 


TABLE I.—CORROSION-FATIGUE LIMITS OF STEELS WITH ELECTROPLATED COATINGS. 


| 


Corrosion-Fatigue 
Limit, psi. 


Type of Steel and Treatment Type Demege 
| ’ In Air In Sulfide 
Brine 
right zinc ° 
bright zinc — —0.0010 22 900 0.41 
ductile zinc 0.0005 19 100 0.34 
ductile zinc 0.0010 19 900 0.35 
S.A.E. 4620—normalized 1650 F., drawn 1050 F........ 4 
nickel —0. 
zinc—0.0023 25 100 0.61 


* Damage ratio is ratio of sulfide corrosion-fatigue limit to air-fatigue limit of uncoated steel. 


cadmium coatings. Although the thin 
electroplated coatings perhaps may be 
representative of some commercial ap- 
plications for temporary protection 
against corrosion they definitely could 
not be considered to have any worth- 
while possibilities for protection against 
corrosion-fatigue. Undoubtedly, tests 
would have shown the presence of 
numerous “holidays” or pinholes in these 
coatings, and such a condition is known 
to be not conducive to resistance to 


1 Engineer of i Gulf Research and Development 
Co., Pittsburgh, P 


Bulletin No. 212 (1933). 


the corrosive medium in the absence of 
air. These conditions were selected so 
as to approach the service conditions as 
closely as possible. The corrosive me- i 
dium was an oil-well brine saturated with 
hydrogen sulfide. The details of the 7 

test method and the composition of the _ 
brine have been published elsewhere? — 
The corrosion-fatigue limits were deter- _ 
mined for 10,000,000 reversals of stress 
so that the values are merely com- 


2B. B. Wescott and C. N. Bowers, “Corrosion Fatigue 
and Sucker Rod Failures,” Am. Petroleum Inst. Four- 
teenth Annual Meeting, Chicago, Ill., October 24, 1933: 
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parative and not necessarily indicative 
of the life of the coatings. 

These results indicated that the pro- 
tective value is proportional roughly to 
the coating thickness. Examination of 
the samples indicated that failure fol- 
lowed rupture of the coating rather than 
deterioration through corrosion. On 
this basis, if any worth-while advantage 
is to be gained from electroplated coat- 
ings it is essential that the coating itself 
and the bond to the base metal be 
capable of withstanding the deforma- 
tion caused by the applied service 
stresses. Failure in this respect will 
nullify the corrosion resistance of the 
coating. 

In the one case where the air en- 
durance limit of the steel uncoated and 
coated could be determined, it was 
found that nickel plating caused a re- 
duction of 24 per cent. The thicker 
coatings of both nickel and zinc ma- 
terially increased the corrosion-fatigue 
limit under the conditions of testing. 
The fact that the percentage increase 
was so much greater for the zinc coating 
than for the nickel coating nearly twice 
as thick suggests that it would be both 
interesting and useful to study the 
magnitude of the electrochemical effects. 
It is hoped through further tests to 
develop more definite data relative to 
the effective life of electroplated nickel 
and zinc coatings. 

Messrs. Tuomas J. DOoLAN® AND 
Hucu H. BENNINGER? (Authors’ closure 
by letter) —It was pointed out in the 
paper, and Mr. Wescott has emphasized 
the fact, that the electroplated zinc 
and cadmium coatings on the authors’ 
specimens were very thin and would 
usually be intended only for mild serv- 
ice conditions. The authors agree 
that an increased thickness of coating 


* Assistant Professor of Theoretical and Applied 
Mechanics, and Former Graduate Student, respectively, 
University of Illinois, Urbana, Ill. 


1, 


probably would offer an increased cor- 
rosion-fatigue limit in laboratory tests 
based on a relatively short corrosion 
time, but there is always a question as 
to permanence of such protective effect 
when a member is subjected to this 
particularly damaging service condition 
during a long operating life. 

Some further corrosion-fatigue data 
on electrolytic lead and cadmium plat- 
ings 0.0005 in. thick, on specimens of 
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Cycles for Rupture (N), log scale 
Fic. 1.—S-N Diagrams for Reversed Flexural 
Fatigue Tests of Lead- and Cadmium-Plated 


S.A.E. 3140 Steel Tested in Water. 


Curve A.—Lead plating, 0.0005 in. thick. 
Curve B.—Cadmium plating, 0.0001 in. thick. 
Curve C.—Cadmium plating, 0.0005 in. thick. 


the same heat of quenched and tempered 
S.A.E. 3140 steel as that reported in 
the paper, have been obtained by the 
authors since the original paper was 
presented. The authors wish to express 
their appreciation to the engineers of the 
Chrysler Corp. who cooperate in plating 
these specimens. The S-N curves for 
these specimens are designated as A and 
C in the accompanying Fig. 1, and for 
comparison the curve marked B shows the 
data (originally plotted in Fig. 3 of the 
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paper) for the specimens with a cadmium 
plating 0.0001 in. thick. The corrosion- 
fatigue endurance limit obtained for 
the lead-plated specimens was about 
22,000 psi., but unfortunately there were 
not sufficient specimens available to 
obtain the corrosion-fatigue endurance 
limit of the specimens with the thick 
cadmium plating. An arbitrary extra- 
polation of curve C would indicate a 
probable endurance limit of about 30,000 
psi. at 100 million cycles of stress. 
Both of these values appear low when 
contrasted with the endurance limit of 
67,000 psi. for the uncoated S.A.E. 
3140 steel tested in air. 

The specimens with the thicker cad- 
mium plating (curve C) did show a much 
greater life before fracture, and exhibited 
a greater endurance limit based on 10 
million cycles of stress for fracture than 
did the thin cadmium plated speci- 
mens (curve B). However if the en- 
durance limit corresponding to several 
hundred million cycles of stress had 
been determined for the thicker cad- 
mium plating, a much smaller difference 
in corrosion-fatigue strengths for these 
two thicknesses of coating probably 
would have been obtained. 

A comparison of curves A and B in 
Fig. 1 indicates the danger involvedin 
drawing conclusions from corrosion- 
fatigue tests based on relatively few 
cycles of stress or relatively short cor- 
rosion time. By scaling the ordinates 
at 10 million cycles of. stress the data 
show that the thin cadmium-plated 
specimens (curve B) had an endurance 
limit of 44,000 psi. and the lead-plated 
specimens (curve A) had an endurance 
limit of only 29,000 psi. Thus the thin 
cadmium-plated specimen had an en- 
durance limit much greater than that of 
the specimens having a Jead plating five 
times as thick. However, if a com- 
parison of the corrosion-fatigue strengths 
is made at a much greater number of 
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cycles of stress (say 50 to 100 million) 
the cadmium-plated specimens have an 
endurance limit about 5000 psi. /ess than 
that of the lead-plated specimens. 

Mr. Wescott reports data showing 
that a zinc coating gave a greater 
percentage of increase in corrosion- 
fatigue strength than a nickel coating 
that was nearly twice as thick. Since 
his data are based on tests run to only 
10 million cycles of stress and compare 
results of tests on specimens of two 
different steels, the relative corrosion- 
fatigue strengths of the two coatings 
might be quite different if the tests were 
continued and a comparison made at 
about 100 million cycles of stress on 
specimens of the same steel. 

As Mr. Wescott has pointed out, it 
is important to observe that the cor- 
rosion-fatigue strength of a metal mem- 
ber cannot be improved by coating or 
plating unless the fatigue strength of 
the coating material is sufficient to 


- 


aw" 


withstand the deformations caused by _ 


the repeated service stresses without 
cracking or flaking off. Even though 
a coating has a great resistance to 
corrosion, it will not be an effective pro- 
tective surface if small pinholes or 
cracks allow the corrosive medium to 


gain access to the base metal and thereby © 


initiate corrosion-fatigue cracks at local- 
ized points. In laboratory corrosion- 
fatigue tests the two damaging factors— 
repeated stress and corrosion—are inter- 
acting to varying degrees to control the 
life of a specimen. Perhaps in testing 
plated specimens at relatively high 
stresses the resistance of the plating to 
fatigue cracking is the dominant factor 
controlling the life of a specimen, 
whereas at lower stresses the relative 
corrosion resistance of the coating may 
be the governing factor that determines 
how long a specimen will run before 
corrosion-fatigue cracks Progress into 
the base metal. 
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SOME OBSERVATIONS OF THE POTENTIALS OF METALS AND ALLOYS 
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The program of Subcommittee VIII 
on Galvanic and Electrolytic Corrosion 
of the Society's Committee B-3 on 
Corrosion of Non-Ferrous Metals and 
Alloys has, for some time, included a 
study of the galvanic corrosion of 
certain metals and alloys when com- 
pletely immersed in sea water. The 
couples to be studied included all com- 
binations of copper, lead, brass, tin, 
bronze, monel,? copper-nickel, and 18-8 
stainless steel, plus all combinations of 
copper, lead, aluminum, iron, nickel, tin, 
and zinc without duplicating the copper- 
lead couples in the second series. 

In pursuance of this program, some 
preliminary tests on typical couples have 


* The posantetign of this paper at the annual meeting 
was sponsored by Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys. 

1 Research and eg me Division, The Interna- 

2 Registered at ‘atent ice. 


SYNOPSIS 


IN SEA WATER* 
By F. L. LAQue! anp G. L. Cox! 


tease 


This paper comprises a review of the literature on the potentials of metals 
and alloys in sea water and similar chloride solutions. 
description of a particular method of determining potentials of a number of 
metals and alloys by the use of specimens in the form of pipe through which 
sea water was circulated during the test period of about six months. The 
paper also includes results of previous tests made in a similar manner, and 
other tests of galvanic couples in sea water under natural conditions. 

All of the data are used in setting up a galvanic series referring to sea water 
which indicates the relative positions of about forty common metals and alloys. 

The data are shown graphically and in tables. 
illustrated by a diagram and a photograph of the test setup. 


It also contains a 


The apparatus used is 


been carried out with the principal 
object of determining the practicability 
of the proposed method of test. Further 
information concerning these  pre- 
liminary tests will be found in the 
reports of Subcommittee VIII. This 
preliminary work has established that 
the proposed procedure was adequate 
and practical, although if the program 
were to be put into effect, it would be 
desirable to make a few minor changes 
in the design of the specimens and racks 
and to re-examine the list of couples to 
be tested with the object of eliminating 
some and adding others. These pre- 
liminary tests also provided a basis for 
estimating the cost of completing the 
proposed program. 

In considering this proposed work 
from the standpoint of cost in both 
time and money, it occurred to Sub- 
committee VIII that it might be well to 
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review the data on the same subject 
which have become available since the 
program was drawn up several years 
ago. There was a strong possibility 
that, in the light of data already avail- 
able, the proposed tests would serve 
merely to confirm what was already 
sufficiently well established, and that, 
in consequence, the efforts of the com- 
mittee might be directed more profitably 
to other aspects of the subject of 
galvanic corrosion in sea water. 


PURPOSE 


The purpose of the present paper is to 
report some results of tests of galvanic 
couples in sea water that have been 
carried out by the authors and their 
associates during the past few years, 
and to compare these results with some 
data pertaining to the same subject 
that have been reported by others. It 
is believed that these data, when 
qualified and augmented by critical 
discussion by other investigators, will 
be as generally useful as the information 
that might be derived from the pro- 
posed testing program. 


METHODS OF STUDYING GALVANIC 
CORROSION 


The results of no galvanic corrosion 
test can ever be more than semiquan- 
titative. A principal reason for this is 
that the magnitude of the galvanic 
effect in any case is determined to a 
very important extent by the ratio of 
exposed areas of the metals forming the 
couple. Consequently, the quantitative 
results of any single test may be applied 
directly only to combinations of the 
same materials in which the same ratio 
of areas exists, and where the conditions 
of exposure are otherwise identical with 
those which obtained during the test. 

The effects of relative areas of anode 
and cathode have been studied by 
several investigators (i, 2, 3),2 and some 


observations referring particularly to 
the iron-copper couple in sodium chloride 
are to be reported in a companion paper 
by W. A. Wesley.‘ 

The principal information likely to 
be derived from galvanic corrosion tests 
is the direction of current flow in the 
galvanic circuits. The extent of the 
galvanic effects will be influenced by the 
relative areas of anode and cathode, 
the polarization characteristics of the 
metals in the corroding solution, the 
internal and external resistances in the 
galvanic circuit, the potential developed 
by the couple, as well as the several 
factors that normally influence corrosion _ 
processes. 

The principal means of studying the : & 
galvanic behavior of metals and alloys __ 
are: 

1. Measurement of the open-circuit — 
potential difference between metals or — 
alloys forming a couple. id ] 

2. Measurement of the potential of a 
metal or alloy in the testing solution “4 
with reference to a standard of potential 
such as a calomel half cell. a 

3. Measurement of the direction and — 
value of the current generated by a 
couple throughout a test period. 

4. Comparison of the extent of corro- 
sion of coupled and uncoupled specimens i “a 
exposed under identical conditions. a 4 


Such measurements of the extent of 
corrosion may be made by means of 


of changes in mechanical properties — 
(strength and ductility), and measure- 
ments of the extent and distribution of 
local attack (pitting). 

5. Determination of the polarization 7 ; 
characteristics of the specimens in the © 
testing solution. 

Open-circuit potential measurements, 
including those referred to a standard 


* The boldface numbers in parentheses refer to the re- 
ports and papers appearing in the list of references ap- 
to paper, see p 687 

4 See p. 6 
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electrode behavior of specimens and of 
observing fluctuations in relative poten- 
tial differences among the members of a 
series of metals and alloys. 
Potential measurements also provide 
foie a means of detecting either local or 
i ale general changes in the characteristics 
or State of repair of protective or passive 
7 “ films on metal surfaces. Such effects 
ee _ are influenced greatly by the polariza- 
tion characteristics of the metal and of 


the solution. Brown and Mears (3) 
_ have shown that with aluminum in 0.1 V_ 
‘potassium chloride, which gave no 


appreciable anodic polarization, the 
activation of even an extremely small 
‘ _ portion of the surface was followed by a 
sharp and considerable increase in poten- 
tial of the specimen in the direction of 
lower nobility. Similar experiments by 
these investigators (4), using stainless 
steel specimens in dilute sodium chloride, 
showed a generally similar behavior, 
although in this case there was some 
evidence of anodic polarization. When 
ferric chloride, a powerful cathodic de- 
Bf E polarizer, was added to the dilute 
sodium chloride used in the experiments 
with stainless steel, the effect of local 
“< activation on the observed potential of 
the stainless steel specimen was sup- 
a to a very considerable extent. 
This observation led these investigators 
_ to the conclusion that it was undesirable 
“to use single potential measurements to 
detect initial corrosion breakdowns in 
cases where the polarization characteris- 
tics of the metal and solution are not 

a _ In the investigation to be described 
bd here, it was discovered that the poten- 

= 


tials of a number of stainless steel 
specimens fluctuated to a very con- 


Metal 


apparently identical specimens from the 
same lot of material. This behavior 
would be consistent with what might be 
expected under exposure conditions such 
as probably pertained to this investiga- 
tion. The corrosion reaction would be 
under cathodic polarization control with 
little anodic polarization and, therefore, 
the incidence or cessation of local 
corrosive attack would be reflected in a 
considerable change in the observed 
potential of a specimen. 


TABLE I.—ELECTROMOTIVE SERIES. 


Molal Electrode Potential at 


Volts 


Magnesium —2.34 
Aluminum —1.67 
i —0.76 
—0.71 
—0.44 
—0.40 
—0.25 
| 
—0.13 
| arbitrary 
zero point 
+0.34 
+0.80 
+0.83 
Mercury +0.85 
Platinum +1.2 
+1.42 


Potential measurements supplemented 
by frequent determinations of the magni- 
tude and direction of current flow pro- 
vide considerably more information than 
can be derived solely from weight-loss 
determinations and physical tests made 
after exposure, which measure only 
the net effect of coupling without dis- 
closing much else about the charac- 
teristics of the elements of the couple. 

Data will be presented as determined 
by each of the methods mentioned. In 
each case, these data will be used only 
to establish the positions of the metals 
and alloys in a galvanic series referred 
to salt water. Numerical data will be 


half cell, do not indicate the effects of p 
continued current flow, but do provide b 
a means of following changes in the V 
_ siderable differences in potential between _ | 
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presented merely to facilitate comparison incidental conditions of exposure, it is 
between the results of different in- not proper to assign absolute values to — 
vestigators and to indicate therelative any particular potential measurements. 


TABLE II.—_DATA FROM SEVERAL SOURCES ON THE POTENTIALS OF SOME METALS AND 
ALLOYS IN SALT WATER AND SIMILAR SOLUTIONS. 


Potential in volts referred to saturated calomel half cell 


Reference? 


Material 
4 


Magnesium alloy DTD 88. 
Zinc 
Cadmium 


Aluminum 

Aluminum 52SH 
Aluminum 4S 

Aluminum 2S 

Aluminum 3S 

Aluminum 53S-T 

Alclad 

Aluminum A17S-T 
Duralumin 
Aluminum 17S-T 


—0.72 | —0.65 —0.76 | —0.71 
—0.54 | —0.51 


—0.35 | —0.26 —0.48 | —0.24 


Copper na —0.26 | —0.21 
Monel 
18-8 

304) —0.54 | —0.31° 


—0.53 | +0.05° 
—0.049} —0.055 
+0.180] +0.175 


+0.30 | +0.33 


@ The letters used in the columns of this table represent the following: 
A - Bauer (6). Tests were made in 1 per cent sodium chloride for 100 hr. 
B—Krueger and Kahlenberg (7). Tests were made in 1N potassium chloride under an atmosphere of either nitrogen — 
or oxygen at 25 C. 
C—Willstrop (8). Specimens were exposed to sea water at 23 C. in an open vessel without agitation. 
D—Gatty and Spooner (9). Value for lead refers to test in molal potassium chloride at 25 C. 
Value for copper refers to test in molal sodium chloride at 18 C. 
Value for iron refers to test in molal potassium chloride at 25 C. 
Value for cadmium refers to test in molal potassium chloride at 18 C. 

ee ae (10). Tests were made in molal sodium chloride which contained 0.3 per cent hydrogen 
peroxide at 23 C. ‘ 

F—Uhlig (11). Tests on nickel, iron, and platinum were made in oxygen free 4 per cent sodium chloride at 25 C. 
alter treatment with 6:V HCl and after exposure to air. The values for the stainless steels refer to similar treat- 
ment with 6N HCl and’subsequent exposure to air-saturated 4 percent NaCl. Aspecimen of 18-8 stainless steel 
phe exposed to air-saturated 4 per cent NaCl without previous activation reached a final passive potential 
09 v. 

G—Brennert (12). Tests were made in molal sodium chloride at 25 C. bs 

H—Hoar (13). Tests were made in molal potassium chloride at 25 C. Lower concentrations gave lower values and 
- ot concentrations higher values, for example, from —0.31 v. in 0.001 molal to —0.54 v. in 4 molal potassium 
chloride. i 

> These values refer to tests in air saturated 4 per cent NaCl. 


potential differences between different DATA FROM THE LITERATURE 
materials moge clearly'than by a simple 
listing. Because of the effects of the 


_ 


7 
B F = 
After = 4 
| Under Under Cc D E | Treat- G 
Nitro- Oxygen ment posure a): 
: gen with to Air 
HCl te 
—0.81 | —0.74 —0.78 | —0.74 —0.73 
—0.84 
Mild steel or iron.........} —0.75 
ee 
l . 
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standard saturated calomel half cell. 


The values, referred to the standard 
hydrogen electrode at 25C. for the 
different calomel half cells, used in re- 

calculating the results of other investi- 
gators were: 

Saturated calomel half cell +0.2458 v. 


Normal calomel half cell +0.2848 v. 
One-tenth normal calomel half cell. +0.3376 v. 


For convenient reference, the standard 
molal potentials of some common metals 


in which the activity of the ion indicated 
is one mole in 1000 g. of water. 

Some data from the literature referring 
to the potentials of metals and alloys in 
salt water and similar solutions are given 
in Table II. The materials have been 
arranged roughly in the form of an 
electromotive series. 

Additional data on the galvanic rela- 
tionships among metals and alloys in 
sodium chloride solutions have been 


TABLE III.—GALVANIC SERIES. 


Edwards and Taylor Evans Noyes 


Calculated 


Material Potenial Material 


Difference, 
v. 


‘otentia otentia 

Difference, Material Difference, 
v. 4 


Zinc 

Galvanized steel 
99.2% aluminum 
51S-T aluminum 
99.95% aluminum 
Blue annealed steel 
25ST aluminum 
Ingot iron 

17S-T aluminum 
Brass (60-40) 
Copper 


Aluminum brass 
Red brass 

Copper 

85-15 Cu-Ni 

70-30 Cu-Ni 
Comp. M-bronze 
Comp. G-bronze 
Monel 

18-8 stainless steel 


Conditions of Test 
Edwards and Taylor (14). Based on values obtained from tests in molal sodium chloride at atmospheric temperature. 
Evans (15). Based on values obtained 7!4 min. after immersion in 0.1 molal sodium chloride at atmospheric tem- 


rature. 
Noyes (16). Plus private communication from U. S. Naval Engineering Experiment Station, Annapolis, Md. 


Based on values observed 30 min. after specimens in couples had been on cl 


circuit for several days with specimens 


being rotated at 30 r.p.m. in brackish Severn River Water at atmospheric temperature. 


TABLE IV.—POTENTIAL MEASUREMENTS BY 
GELLER (17) AFTER COUPLING ALUMINUM 
WITH OTHER MATERIALS IN 3 PER CENT 


SODIUM CHLORIDE AT 20 C. 


Material 


Potential, v. Potential, v. 
Referred to Sat-| Referred to Sat- 
urated Calomel | urated Calomel 
Half CellS5min.| Half Cell of 

After Contact Aluminum 
with Aluminum) Specimen in 

for 7idays | Couple 


Duralumin —0.754 —0.920 
Ingot iron —0.639 —0.871 
15% Cr steel —0.418 —0.872 
18% Cr—1.8% Mosteel. —0.287 —0.868 
18% Cr—8% Mnsteel... —0.281 | 0.881 


—0.254 —0.884 
—0.254 —0.872 
—0.231 —0.861 


are given in Table I. This table is 
based on the latest information as re- 
ported by Latimer (5). The values 
reported refer, of course, to the metals 
when they are in contact with a solution 


determined by Edwards and Taylor (14), 
particularly with reference to aluminum 
and its alloys, and by Evans (15) on a 
number of other materials. Noyes (16) 
has reported similar data for specimens 
exposed to brackish water. Electro- 
motive series based on these data are 
shown in Table ITI. 

Geller (17) recently reported results 
of an investigation in which aluminum 
(99.5 per cent) was coupled with other 
materials in 3 per cent sodium chloride 
solution at 20 C. for various periods up 
to 71 days, after which the circuits were 
broken and the potentials of the mem- 
bers of the couples were determined 
after from 1 to 5 min. The data in 
Table IV refer to the values obtained 
after 5 min. on open circuit in each case. 


t] 
Si 
t! 
t! 
n 
d 
G 
Zinc 
Aluminum 0.021 
Cadmium 0.12 
0.010 0.02 0.014 
0.023 Tin 0.11 0.051 
= 0.013 Nickel 0.31 0.017 
0.028 Co . 0.10 0.158 
0.036 | ppe | | 0.052 
0.007 | 
| 
‘ 
15% Cr—8% Mn—1.5% 
( 
18% Cr—8% Ni steel 
Copper 
] 
‘ 
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The agreement among the results of 
the several investigations must be con- 
sidered as surprisingly ‘good in view of 
the difference in testing conditions and 
the naturally inconsistent behavior of 
materials that may assume varying 
degrees of passivity. 

These data may be compared with the 
experimental data to be reported here, 


The other methods that have been used 
will be referred to only briefly, although 
the results obtained with these other 
methods will be used as supplementary 
data in establishing the positions of 
certain metals and alloys in a galvanic 
series. 

The most convenient arrangement 
for study of the galvanic behavior of 


TABLE V.—NOMINAL COMPOSITIONS OF PIPE SPECIMENS INCLUDED IN GALVANIC TESTS. 


Material Canditions 


Galvanized wrought 


Welded ahd galvanized 

Cast iron As cast 

Mild steel Welded : 

Ni-Resist® As cast j 

Stainless steel, type i 
304..............---| Cold drawn, seamless, 

annealed 

Cold drawn, seamless, an- 
nealed ‘und pickled 

Pickled, cold drawn, | 
seamless 

Pickled, cold drawn, 


seamless 

.| Pickled, cold drawn, 
seamless 

cold drawn, 


seamless 

| Pickled, cold drawn, 
| seamless 

| Cast and. machined 
Cast and machined 
Cast and machined 
Pickled, cold drawn, 


‘seamless 
Pickled, cold drawn, 
seamless 
Pickled, cold drawn, 


‘seamless 
Pickled, cold drawn, 
‘seamless 
Pickled, cold drawn, 


seamless 
Standard pipe 


Comp. M-bronze 
Comp. G-bronze 
Manganese bronze.. 
Admiralty brass 


Red brass 


99.9+ eee 


Chemical 


percent 
Molybdenum, 


per cent 


Silicon, 


a 


bal. 
bal. 
bal. 


bal. 


bal. 
6.5 


Lead 


@ Registered at U.S. Patent Office. 


b , Including cobalt. 


° Maximum. 


and will serve as part of the basis for the 


galvanic series in salt, water which will 
_ be set up as the principal conclusion 
of this paper. 
Pipe Test! SETUP 
After experiments with several 
methods of studying galvanic corrosion 
in sea water, the authors have directed 


their attention particularly to a testing - 
apparatus to be degcribed in detail. 
: 


metals and alloys in flowing sea water 


was to use specimens of the materials 
listed in Table V in the form of pipe 
through which the sea water passed 
continuously. The design of the ap- 
paratus in current use was based on 
experience gained in the operation of a 
similar setup for about 600 days. The 
results of this first series of tests will 


not be discussed in detail, but will be 


‘used to the data obtained 
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_ from the present setup. In the previous 


ease, sea water was allowed to flow 


through the test assembly throughout 
the year, while with the present setup 
the salt water was shut off, the speci- 
mens were washed with fresh water, and 
were then allowed to remain dry during 
the late spring, summer, and early 
autumn to avoid the attachment of 
marine organisms which might other- 
wise have covered the surfaces of the 
specimens and clogged the lines. As a 
result, the present results apply particu- 
larly to exposure during the period from 
December to April when there was no 
growth of marine organisms on the 
specimens. 


Preparation 
Specimens: 


and Arrangement of 


The specimens were in the form of 
standard 2-in. iron pipe size nipples 4 in. 
long. The exposed area inside was 26 
sq. in. A nickel lug, measuring } by ¢ 
by 7¢ in. was silver brazed to each 
specimen as a means of attaching the 
wires to be used in making the current 
and potential measurements. 

In order to develop a uniform surface 
condition, all the specimens except the 
galvanized wrought iron were pickled 
and scrubbed with pumice, both inside 
and out, after the nickel lugs had been 
attached by silver soldering. The gal- 
vanized specimens were cleaned by scrub- 
bing with pumice after the nickel lugs 
had been attached by soft soldering. 
A similar procedure for attaching the 
nickel lugs was followed in the case of 
the lead specimens. 

After the specimens had been cleaned 
as described, they were rinsed in alcohol 
and ether, dried, and weighed with an 
accuracy of +0.01 g. They were then 
carefully wrapped in tissue paper and 
kept dry until they were assembled into 
the columns. 


~ 
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The specimens, in groups of ten, were 
assembled into columns, using bakelite 
impregnated fiber for insulating coup- 
lings between specimens as shown in 
Fig. 1. In addition, soft rubber gaskets 
were placed between the ends of speci- 
mens where they met inside the coup- 
lings. The joints between the rubber 
gaskets and the specimens and the 
threaded joints in the couplings were 


L 


G 


TO POTENTIOMETER 
FOR CLOSED 
CIRCUIT TR OROP 


TO CALOMEL 
HALF CELL CIRCUIT 
(SWITCH OPEN) 4 


s TO CALOMEL HALF CELL CIRCUIT 

(SWITCH OPEN) 

S SPECIMEN- 2" 1 PS NIPPLE, 4" LONG, 
PAINTED OUTSIDE ( SEE TEXT) 

C - BAKELITE CouPLinG- 2 00, 1 V2 
LONG, CEMENTED TO SPECIMEN 

G - SOFT RUBBER GASKET, CEMENTED To 

SPECIMEN 

L - NICKEL LUG SILVER BRAZED 1 SPECIMEN, MONEL 
STOVE BOLT, END OF WIRE SOFT SOLDERED TO LUG 


W ~ RUBBER-INSULATED NO. 16 GAGE STANDARD COPPER 
WIRE 


P - NICKEL-~PLATED BRASS BINDING POSTS, NICKEL SILVER 
NUTS PERMANENTLY FASTENED TO A CENTRAL BOARD. 
R - RESISTANCE - | OHM 


T- NICKEL TERMINAL SWITCH (SLOTTED) 


Fic. 1.—Method of Assembling Tubular Speci- 
mens and Electrical Connections. 


sealed with a cement containing a 
bakelite resin and zinc chromate. Joints 
made in this way were found to provide 
complete insulation between specimens 
and were completely watertight as well. 
The cemented gasket joint should also 
avoid concentration cell or contact 
corrosion of the ends of the specimens 
where they bear against the rubber 
gaskets. In the first test setup, some of 
the stainless steel specimens suffered 
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contact corrosion under the rubber 
gaskets. 

The wires for the ededtvical connections 
were fastened to the nickel lugs by 
means of monel bolts, nuts, and washers. 
The mechanical joints made in this way 
were supplemented by allowing exten- 
sions of the wires to project from beneath 


adjacent to the lug from which the 
insulation had been removed. 

The procedure for painting was as 
follows: 

1. One coat of quick drying zinc 
chromate primer conforming to U. S. 
Navy Specification P-27 was applied 
by brushing and allowed to dry for 1 hr. 


oun thin Fic. 2.—Pipe Test Assembly and Switchboard for Electrical Measurements. 


the nuts and washers and by soldering 
these free ends of the wires to the corners 
of the nickel lugs. This insured good, 
low-resistance electrical connections in 
every case. 

After each column of ten specimens 
had been assembled and the wires had 
been attached, the entire outside of each 
column unit was painted. The paint 
was applied to the specimens so that it 
covered the electrical connections on the 
nickel tail and any exposed wire 


2. One coat of a mixture containing 
one part of this primer and one part of a 
quick drying rubber base paint was 
applied by brushing and allowed to dry 
for at least 1 hr. 

3. Two coats of rubber base paint 
were applied by brushing, with the 
first coat being allowed to dry overnight 
before applying the second. 

This method of protecting the outside 
of the specimens was chosen on the 
basis of previous experience, which had 
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shown it to furnish excellent protection 
in marine atmospheres and under condi- 
tions of exposure to condensed moisture 
and occasional wetting by sea water. 
Thirty columns of specimens were pre- 
pared in the manner described. These 
were set up on top of a sea water supply 
manifold, or distributor, in five rows of 
six columns each as shown in Fig. 2. 


- The connections from the columns to 


the manifold were made by means of 
copper-nickel alloy nipples and monel 
flanges fastened to a copper-nickel alloy 
cover plate. The nipples were assem- 
bled into the columns and insulated from 
the adjoining specimens in exactly the 
same manner as the specimens them- 
selves, as described previously. A simi- 
lar practice was followed in connection 
with the nipples at the tops of the 
columns through which the water was 
discharged through an assembly con- 
sisting of a tee, a nipple, and an elbow. 

The original water supply manifold 
was a wooden box which was destroyed 
finally by teredo attack. The present 
manifold is made of steel and is painted 
both inside and out. 

Sea water is supplied to the manifold, 
or distributor box, from the main, 72-in. 
diameter, discharge line of a centrifugal 
pump which has a capacity of 60,000 
gal. per min., and which furnishes 
sea water to the plant of the Ethyl 
Dow Chemical Co. at Wilmington, 
N.C. The connection to this source of 
supply is made by means of 3-in. iron 
pipe size pipe through which the flow 
of water is controlled by means of a 
3-in. globe valve and a 6-in. gate valve. 
The latter is placed between a 6-in. 
tee and the 72-in. pipe to provide a 
main shut-off point. A 4-in. mesh 
monel screen is inserted in the 6-in. tee 
to prevent the passage of materials that 
might clog the test columns. The 6-in. 
valve is left completely open, and the 
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rate of flow is controlled by means of the 
3-in. valve. 

The connection to the manifold, or 
distributor box, is made at the center 
of the bottom, and the water as it enters 
is made to pass through an impeller 
type distributor and then through a 
perforated baffle plate in order to smooth 
out the flow and distribute the water 
uniformly among the columns. 

The initial adjustment of flow so as to 
provide the same velocity in each column 
was made by allowing only a very small 
amount of water to enter the system. 
The discharge elbows of all but the four 
corner columns were turned so that the 
discharge lips were at their maximum 
height. The flow was then divided 
equally among the four corner columns 
by rotating the elbows so as to raise or 
lower the level of the discharge lips. 
It was possible to make very accurate 
adjustments in this way, and finally to 
arrange so that water just dripped out 
of each of these four corner columns. 
The remaining columns were then ad- 
justed to match the flow of the corner 
columns using a similar technique so 
that finally a condition was reached 
where water would drip slowly out of 
each column. When the flow of water 
was increased, all columns were found to 
discharge the same volume of water as 
indicated by the size of the stream flow- 
ing over the lip of each discharge elbow. 
It was estimated that the variation in 
flow among the columns did not exceed 
+5 per cent of the average. 

The water discharged from each row 
of six columns was collected in monel 
lined troughs, through which it flowed 
to a main discharge trough, and finally 
through a 6-in. overflow pipe back to the 
ocean. 


Electrical Connections: 


A wire was fastened to each specimen 
as described previously. These wires 
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were connected to binding posts on a 
switchboard as indicated in Figs. 1 and 2. 

Since it was desired to study several 
metals and alloys in galvanic contact, 
the columns were arranged so that the 
specimens forming each galvanic couple 
were adjacent to each other. The wires 
from these specimens were fastened to 
binding posts similarly located adjacent 
to each other on the switchboard. An 
additional binding post was furnished 
for each of these couples, and a cali- 
brated 1-ohm resistance was placed be- 
tween this third binding post and that 
connected to one of the specimens form- 
ing the couple as indicated in Fig. 1. 
The galvanic circuit was completed by 
means of a slotted nickel strip which 
was placed across the binding posts on 
the front of the panel and by means of 
which the galvanic circuit through the 
1-ohm resistor could be opened or closed 
at will. All connections at the switch- 
board were soldered and covered for 
protection with petroleum jelly applied 
hot. The back of the switchboard was 
inclosed. 

When a circuit was closed by means of 
the nickel switch, it was possible to 
measure the value of the galvanic cur- 
rent by determining the potential drop 
across the 1-ohm resistance as indicated 
in Fig. 1. This 7R drop, as measured 
in millivolts by means of a potentiom- 
eter, could be recorded directly as 
milliamperes since the resistance was 


specimens of each material were included 
in the assembly. The wires from these 
specimens were merely fastened to ap- 
propriate binding posts on the switch- 
board so that their potentials with 
respect to each other, or to a standard 
reference electrode, could be determined 
readily. 

The standard reference electrode used 
in these studies was a saturated calomel 
half cell which was placed in the circuit 
by allowing the tip of the half cell to 
dip into the water in the overflow box. 


TABLE VI.—TYPICAL ANALYSIS OF SEA WATER IN | 


VICINITY OF WILMINGTON, N. C. 


Concentration, 
ppm. 
10 590 
19 200 
1 292 
404 
403 
Sulfate as SO, 2 664 
Phosphate as PO, less than 1 
Boron as BO; 10 
Tron as Fe....................]| megligible 
Carbonate as CO; negligible 
Total solids in solution 34 550 
Total solids in suspension 5.7 
Organic material in suspension. . 6 
pH (glass electrode) 7 


Constituent 


Sodium as Na 
Chlorine as Cl 
Magnesium as Mg 
Calcium as Ca 


Conditions of Exposure: 


Under normal conditions the total | 


volume of water supplied to the system 
was 70 gal. per min. under a head of 
about 15 ft. 


The equivalent velocity — 
through each column was about 15 ft. ia 


per min. Since the water 


unity. The total resistance of the ex- 
ternal circuit did not exceed 1.1 ohms. 
This method of arranging the galvanic 


circuits made it possible to measure cur- 
rent flow at any time without disturb- 
ing any of the electrical connections. It 
was also possible to break the circuit at 
any time for open-circuit potential meas- 
urements, 

In addition to the specimens forming 
the galvanic couples, which were set up 
in duplicate, at least two uncoupled 


some fine sand in suspension, the screen, | 
valves, and distributor box gradually © 


filled with sand, and the volume of 
water gradually decreased. However, 


the system was never allowed to remain _ 


stagnant, since at regular intervals the 
distributor box and connecting pipes 
were flushed out by back washing 
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‘through connections provided for the 
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= purpose, and the screen was cleaned at 


the same time or more frequently as 


4s might be required. 


The sea water was free from pollution, 
and was well aerated through the action 
of breakers at the entrance to the pump 
- suction pond. A typical analysis is 
_ given in Table VI. The temperature of 
_ the water varied with the seasons be- 
tween approximately 10 and 30 C. (50 
and 86 F.). However, as indicated pre- 


viously, the present tests were made only 


during the late fall, winter, and early 
spring when the range of temperature 
was between approximately 10 and 25 C. 
(50 and 77 F.). 

In order to determine to what extent 
corrosion of the specimens and the ac- 
cessory metal equipment might increase 
the metal content of the water used for 
testing, samples of water taken directly 
from the ocean and after having passed 
through the assembly were subjected 
to spectroscopic analysis by the Alu- 


minum Research Laboratories through 
the courtesy of E. H. Dix. This study 
showed no detectable change in the 
metalcontent ofthe water. 


Electrical Measurements: 


Potentials were measured with a port- 
able potentiometer with an accuracy of 
+0.5 mv. for values over 10 mv., and 
+0.05 mv. for values between 0.1 and 
10 mv. 

The following determinations were 
made: 

1. Open-circuit potentials of all speci- 
mens relative to the calomel half cell 
at the start of the test and at various 
intervals throughout the exposure pe- 
riod. 

2. The values of the current flow in 
the several galvanic circuits at the start 
of the test and at intervals throughout 
the test period. (This provided data 
on the changes in the value of current 
flow with time without breaking the 


72 


ae 


galvanic circuit between successive 
current measurements.) 

3. The temperature of the water, de- 
termined each time the electrical meas- 
urements were made. 

In addition to these data, the weight 
losses of the specimens will be deter- 
mined at the end of the test, and in the 
case of the galvanic couples, the galvanic 
effects as indicated by the electrical 
measurements will be correlated with the 
same effects as shown by the weight-loss 
data. 


Results and Discussion: 


Since these tests are still in progress, 
it is not possible at this time to present 
final results. However, the data ob- 
tained from the open circuit measure- 
ments during the first 173 days have 
been plotted in Figs. 3 and 4. In each 
case potential values less noble than the 
calomel half cell have been plotted above 
the zero line and have been indicated 
as anodic values. Similarly, values 
more noble than calomel have been 
plotted below the zero line and have 
been indicated as cathodic values. The 
anodic values, if written, should be pre- 
ceded by a minus sign and the cathodic 
values with a plus sign. 

During the test period, sea water 
flowed through the specimens continu- 
ously for 106 days from December 21 to 
April 6. The sea water was then shut 
off and the columns were flushed with 
fresh water and drained and left dry 
for an additional 65 days. Then the 
sea water was turned on again for two 
days in order to determine the potentials 
of the specimens in the warmer water 
at that time. The data plotted for the 
173-day points in Figs. 3 and 4 were 
those observed on June 12, the second 
day after this shutdown period. 

The variation in temperature through- 
out the test period is plotted in Figs. 


me & G 


- 
j 
4, 
| 
| | 


On POTENTIALS OF METALS’ IN SEA WATER 


3 (c) and 4 (c) from which it would 
appear that the general tendency for 
most of the materials to respond in the 
same way to changes in the water was 


materials to respond in the same way to 
changes in their environment indicated 
that while the potentials of each ma- — 
terial varied through quite wide limits, 
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Fic. 3.—Potentials of Metals and Alloys in Flowing Sea Water. 


affected to some extent by the tempera- 
ture of the water, with most materials 


constant. 
becoming less noble in the warmerwater. | In view of the controlling effect of 
Furthermore, the tendency for several 
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less steels, it is not surprising that du- 
plicate specimens of these materials 
should have shown a greater spread in 
values than was the case with the other 


an otherwise passive specimen would 
result immediately in a considerable rise 


cell. 
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in potential relative to the calomel half 


The potential values for the types 304 
and 316 stainless steel specimens at the 
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Fic. 4.—Potentials of Metals and Alloys in Flowing Sea Water. _ 
materials. Even a small active areaon 28-day points in the potential time 


curves, Fig. 4 (e) and (f), indicated a 
surprising degree of nobility. In fact, 
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the maximum value for one of the type 
304 specimen’ was 0.50 v. more noble 
than the saturated calomel half cell. 
This indicated a degree of nobility 
greater than that of platinum as deter- 
mined by Uhlig (11) (see Table III). 
The authors have been unable to account 
for this. Observations of the potentials 
of other specimens made just before and 
just after the readings on these stainless 
steel specimens showed normal values. 
More recent observations have shown 
similarly high degrees of nobility for 


1200 


on lead in cold sea water made it rela- 
tively noble, although this nobility was 
not retained as the water became 
warmer. 

In order to determine whether the 
position of a specimen in a column might 
affect its potential, one column was made 
up to contain six mild steel specimens 
distributed through the column, includ- 
ing the positions at the very top and 
very bottom. Similar practice was fol- 
lowed in the case of a series of eight 
monel specimens. The data referring 
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stainless steel specimens in the same 
test setup with the sea water at the 
same temperature as previously. In 
this latter case, special precautions were 
taken to insure that the calomel half 
cell used was functioning normally just 
prior to and just after the observations 
on the stainless steel specimens. Con- 
sequently, it must be concluded that 
these specimens actually were as noble 
as they appeared to be. 

Apparently, also, the film that formed 
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to these specimens have been included 
in Figs. 3 (6) and 4 (e) from which it is 
evident that position in the column had 
no appreciable effect on the results 
obtained with either steel or monel. 
An arrangement of all the materials in 
a galvanic series from left to right is 
shown in Fig. 5, with the maximum, 
minimum, and average values for each 


material being indicated. This method _ 


of presentation shows the probable direc-— 
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TABLE VII.—GALVANIC SERIES FOR SEA WATER AS DETERMINED BY SEVERAL TESTS. 
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Ni-Resist 


Series 2 


Figures are Potentials in Volts 
Referred to Saturated Cal 


Half Cell 


omel 


AT 
Series 3 


Series 4 


Galvanized wrought iron 
Cast wen, 


Mild steel 
wir 


18-8 stainless steel type 304 
(active) 

Admiralty brass 

Red brass 

Copper 


70-30 copper-nickel 

Comp. M-bronze 

18-8 stainless steel type 304 
(passive) 


Monel 


Galvanized steel 
Galvanized wrought iron 
Cast iron 

Mild steel 

Wrought iron 

Ni-Resist 


18-8 —? steel type 304 


(active 
Muntz metal 
Nickel (active) 
Yellow brass 


Ambrac 
Aluminum bronze 
Copper 


Inconel (active) 
Red brass 


Silicon bronze 

Admiralty brass 

Comp. M-bronze 

70-30 copper-nickel 

stain 
passive 
nel 


steel type 304 


Mild steel 
Cast iron 


Ni-Resist 


Red brass 
Copper 


Monel 


Mo 
18-8-3 stainless steel type 
316 (passive) 


hie 


18-8 stainless steel type 
304 (active) 

Muntz metal 

Yellow brass 

Admiralty brass 


Comp. M-bronze 


70-30 copper-nickel 
18-8 stainless steel type 
304 (passive) 


Galvanized wrought i iron sone steel 


Resist 
30-50 lead tin solder 


18-8 stainless steel type 
304 (active) 
Admiralty brass 


Coppe 

70-30 alloy 

18-8 stainless steel type 
304 (passive) 

Nickel (passive) 

Monel 

18-8-3 stainless steel type 
316 (passive) 


Series 6 


Series 7 


| Series 8 


| 


Continuous 
Immersion 


Intermittent 
Immersion at 
Half Tide Level 


Continuous 
Immersion 


Immer 
Half Tide Level 


Water 


Through Tubular 
Specimens 


Sea Water Flowing 
Through Tubular 
Specimens 


Mild steel 
Cast iron 
Ni-Resist 


13% chromium 
stainless steel— 
type 410 

Copper 


70-30 
Nick 


Monel 
18-8 stainless stee 
304 


Mild steel 
Cast iron 
13% chromium 
stainless steel 
410 
Ni-Resist 


12-8 stainless 
steel —type 304 
(active) 

Copper 

70-30 copper- 
nickel 


Nickel 
Monel 


Cast iron 
Mild steel 
Ni-Resist 


13% chromium 
stainless steel 
—type 410 

Copper 


70-30 copper- 
nickel 

Nickel 

Monel 

18-8 stainless 
steel—type 304 


Cast iron 
Mild steel 
Ni-Resist 


13% chromium 
stainless steel— 
type 410 

70-30 copper- 
nickel 


Nickel 
Copper 


Monel 
18-8 stainless steel 
—type 304 


Galvanized 
wrought iron 
Mild steel 


t iron 


18-8 stainless steel 
type 304 (active) 


Ni-Resist 


Lead 
Admiralty brass 


Copper 

70-30 copper- 
nickel 

Comp. M-bronze 

Mone 


18-8 stainless steel 


18-8-3 stainless 
steel—type 316 
(passive) 


Galvanized 

wrought iron 
Mild steel 
Cast iron 


Ni-Resist 


18-8 stainless steel 
type 304 (active) 
Manganese bronze 


Lead 


Admiralty brass 
Yellow brass 


Red brass 
Copper 
70-30 copper-nickel 


Comp. G-bronze 


Ambrac 
Comp. 
Inconel 
Nickel 
Monel 
18-8 stainless steel 
type 304 ( ive) 
18-8-3 stainless 
steel—type 316 
(passive) 


M-bronze 


B 
—0.48 
—0.45 
—0.45 
—0.27 
—0.24 
—0.20 
—0.17 
—0.17 
—0.17 
—0.15 | 
Series 5 | 
aor 


On POTENTIALS OF METALS IN SEA WATER 


Bases of Several Galvanic Series in Table VII: 
Series 1.—Based on directions of current 


flow in first 600-day test with pipe setup. : 


Series 2.—Based on average potential values relative to saturated calomel half cell in first 600-day test with pipe 


setup. 
Series 3.—Based on direction of galvanic effects as calculated from weight loss determinations in first 600-day test 


with pipe setup. 


Series 4.—Based on direction of galvanic effects as calculated from weight loss determinations on specimens im- 
mersed on spool type specimen holders in Barnegat Bay, N. J., for 124 days during summer and fall. 

Series 5.—Based on direction of galvanic effects as calculated from weight loss determinations on specimens exposed _ 
on spool type specimen holders immersed continuously and intermittently in sea water at Eastport, Maine, 


for 274 days. 


Series 6.—Based on direction of galvanic effects as calculated from weight loss determinations on specimens ex- 
posed on spool-type specimen holders immersed continuously and intermittently in sea water at Wilming- 


ton, N. C., for 180 days. 


Series 7.—Based on directions of current flow in second 173-day test with pipe setup. 
Series 8.—Based on average potential values relative to saturated calomel half cell in second 173-day test with pipe 


setup. 


tions of galvanic effects, and also indi- 
cates which materials overlap so that 
variations in the direction of galvanic 
current flow may ocur. In connection 
with this latter point, however, it should 
be noted that in most cases changes in 
the potentials of the metals and alloys 
were similar in direction and extent, so 
that even though the potential of each 
material fluctuated, the potentials rela- 
tive to each other remained fairly 
constant. The most important excep- 
tions were in the cases of the stainless 
steels which may, therefore, exhibit er- 
ratic behavior with respect to their gal- 
vanic relationships toward each other 
and toward copper, nickel, and their 
alloys. 


RESULTS OF OTHER INVESTIGATIONS BY 
THE AUTHORS 


From time to time during the past few 
years, galvanic couples have been in- 
cluded in sea water corrosion tests car- 
ried out by the authors and their asso- 
ciates. Most of these tests have been 
made using the spool-type specimen 
holder and specimens which were de- 
scribed in an earlier paper by one of the 
authors (18). With these devices, the 
galvanic contact between specimens was 
made by using metallic spacers between 
the specimens. The extent and direc- 
tion of the galvanic effects were deter- 
mined by comparing the weight losses 
of the specimens in the couples with the 


weight losses of uncoupled specimens | 


exposed in the same way at the same 


time. Galvanic series based on data 
of this sort are shown in Table VII 
which includes also a series based on 
the results of the 600-day test with the ~ 
pipe setup that preceded the one de- 
scribed in this paper. 

On the basis of all the data presented, 
including those taken from the litera-— 
ture, an electromotive, or galvanic series 
in sea water has been set up in Table 
VIII. 

The metals and alloys have been di- | 
vided into groups. Materials may 
change places within any group, de- 
pending on the incidental conditions of — 
exposure. Likewise, galvanic effects in 
combinations of materials with others in ; 
the same group are not likely to be 
appreciable under most conditions. 
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With any other combinations, the in- © 


tensity of the galvanic effect will be 
determined by the relative areas of the 
materials forming the couple as dis- 
cussed previously, by the distance apart — 
in this series, and by the incidental con- _ 
ditions of exposure which affect corro- 
sion reactions. In general, it is unwise 
to combine materials where the area of 
the material higher in the list is relatively 
small compared with that of the material 
lower in the list. The reverse relation- _ 
ship is not likely to be troublesome. © 
For example, experience has shown that 
the combination of monel bolts in 
iron condensers in salt water service does 
not accelerate the corrosion of either the 
iron structure or the monel bolts. 
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Because of the generally good agree- 
ment among the results of the several 
investigations referred to in this paper, 
and because of the nature of galvanic 
corrosion phenomena, the authors of this 
paper suggest that the galvanic corro- 
sion testing program referred to in the 
opening paragraphs of this paper be 
abandoned in its present form in favor 
of devoting the available time and 
money to the clearing up of any con- 
troversial points that may be brought 
out in the discussion of this paper, and 
to further studies of such phases of the 
subject as the effects of relative areas 
and of the distribution of galvanic 
effects around the points of contact of 
specimens forming galvanic couples. 

The authors wish to express their 
appreciation to the Ethyl Dow Chemi- 
cal Co., Wilmington, N. C., for per- 
mission to set up the testing apparatus 
in their pumping station, and for the 
invaluable assistance rendered by C. M. 
Shigley, manager of the plant, and his 
staff. They wish also to thank W. A. 
Wesley and other associates in the De- 
velopment and Research Division of The 
International Nickel Co., Inc., for their 
advice and he!p in carrying out the tests 
described in this paper. 
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The Walworth Co. 

The Reading IronCo. 
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The Wm. PowellCo. 

The Norfolk Navy a 

The Babcock & Wilcox Tube Co. 
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TABLE VIII.—GALVANIC IN SEA WATER. 


Magnesium 
Magnesium alloys 


Zinc 
Galvanized steel or galvanized wrought iron 


Aluminum 4S 


Aluminum 2S 
Aluminum 53S-T ‘cue 
Alclad )) 


Aluminum 17S-T 
Aluminum 24ST = 
aids 
ild stee 
13% chromium stainless steel type 410 (active) 
50-50 lead tin solder a 
18-8 stainless steel type 304 (active) 
18-8-3 stainless steel type 316 (active) 


Lead 
Tin 


Naval brass 


Nickel (active) 
Inconel (active) ate. 


of 
Aluminum bron TH ow 


Red brass 
brac 


Comp. G-bronze 


Yellow brass 


Nickel (passive) 
Inconel (passive) 


Monel 


18-8 stainless steel type 304 (passive) 
18-8-3 stainless steel type 316 (passive) 
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Mr. A. W. Tracy! (presented in writ- 
ten form).—The authors of this paper are 
to be congratulated for making public 
their very extensive work on the po- 
tentials of metals and alloys in sea water. 
Those who have attended the inspections 
of the International Nickel Co.’s tests 
at Wilmington, N. C. can vouch for the 
extensive amount of work the authors 
have done to obtain these valuable 
results. 

I should like to be permitted to add 
emphasis to the authors’ statement that 
galvanic tests can only be semi-quanti- 
tative. Changes in the composition of 
the environment, relative areas of the 
metals combined, and the nature of the 
contact between two metals may give 
significantly different results in galvanic 
corrosion. 

For instance, the galvanic action be- 
tween two metals in mechanical contact 
such as reported in the paper may be 
entirely different from the same two 
metals in what might be termed metal- 
lurgical contact, such as a hot-dipped 
coating where an intermediate alloy 
layer may be formed. Merica? reported 
on the corrosion of scratched tinned 
copper in atmospheric exposure and in 
some experiments in dilute acids showed 
that copper was cathodic to the tin 
layer but slightly anodic to the copper- 
tin alloy layer. 

It has been known that badly 
scratched tinned copper sometimes cor- 
rodes at the bare copper areas in rapidly 


1 Assistant Metallurgist, The American Brass Co., 
Waterbury, Conn. 

?P.D Merica, “Structure of the Coating on Tinned 
Sheet copges in Relation to a Specific Case of Corrosion,”’ 
Technical Paper No. 90, Nat. Bureau Standards (1917); also 
Transactions, Am. Inst. Metals, Vol. 10, pp. 109-118 (1916). 


moving sea water, so it was decided to 
find out if the corrosion of the copper 
was due to the rapid removal of copper 
ions or whether galvanic corrosion due 
to the alloy layer was responsible. 

Two-inch lengths of copper pipe 0.311 
in. inside diameter were tinned in a 
molten bath of new Banka tin. The tin 
and eutectic layer were removed from 
one sample by immersing in warm hydro- 
chloric acid to expose the copper-tin 
alloy layer. A bare copper tube was 
connected by a rubber tube to a tinned 
copper tube as dipped and a bare copper 
tube was connected by a rubber tube 
to a copper tube with the alloy coating. 
Electrical connections were made by 
soldering copper wires to the outsides of 
the metal tubes to make galvanic contact 
and to make the potential measure- 
ments. The couples were connected to 
a pump which could circulate 3 per cent 
Turk Island sea salt solution at 32 + 2C. 
through the tubes at 5 ft. per sec. 
Initial readings were made with the 
solution quiet. Each couple was short 
circuited through the copper wires except 
when potential measurements were being 
taken. The results of the tests are 
given below: 


POTENTIAL OF COPPER VERSUS HOT-TIN COAT- 
INGS IN 3 PER CENT SEA SALT 
SOLUTION, MILLIVOLTS 


Copper 
(Anode) 
versus 
Alloy 


Layer 
(Cathode) 


Initial Potentials, quiet solution... 

Initial Potentials, solution moving 
at 5 ft per sec. 
2 hr. at Sft per sec 

24 hr. at 5 ft. per sec 

48 hr. at 5 ft. per sec 

48 hr., solution quiet for several 
minutes 
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ON POTENTIALS 


Tests on a cell containing an elec- 
trolytic copper sheet electrode and a 
cast speculum metal electrode having a 
composition of 38.35 per cent tin and 
61.65 per cent copper in a quiet 3 per 
cent sea salt solution gave potential 
measurements of the same order as the 
bare copper tube connected to the tinned 
tube with exposed Cu;Sn alloy when 
both couples were in the quiet solution. 

The tests indicate that motion of sea 
water does have an effect in making the 
potential of copper less noble but the 
main factor in causing corrosion of cop- 
per at scratches would appear to be the 
galvanic potential between the alloy 
layer and bare copper. 

The results of galvanic tests in sea wa- 
ter cannot be used to predict the corro- 
sion effects of hot tinned copper in other 
media. Although it is known that cop- 
per will be corroded galvanically where 
rain water flows from a high tin solder 
onto copper, the same type of specimen 
in a salt spray box will show that the 
solder is anodic to copper. Hot tinned 
copper has been used extensively and 
successfully for many purposes. Fur- 
thermore, much tinned copper sheet 
used today is electro-tinned and is free 
from the alloy layer. 

Mr. F. L. as 
Mr. Tracy’s discussion was presented as 
a supplement to the data which we have 
presented, no detailed reply is indicated. 
However, I should like to take advantage 
of this opportunity to record some data 
which tend to confirm Mr. Tracy’s ob- 
servations. In the test setup described 
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OF METALS IN SEA WATER 689 
in this paper, there were troughs into 
which the sea water spilled from the 
pipe test columns. We used one of 
these troughs to conduct a test similar 
to that carried out by Mr. Tracy. 
This trough was lined with copper 
coated with a 50:50 lead-tin solder. 
The solder coating was scraped so as 
to expose a small spot of bare copper in 
the bottom of the trough. The location 
of this bared spot was recorded with 
reference to a mark placed on the side 
of the trough before the test was started. 
After sea water had spilled into the 
trough and had flowed over the spot of 
bare copper for about three months it 
was discovered that the trough lining 
had become perforated at this point. 
The thickness of the copper was about 
0.078 in., indicating a rate of corrosion 
of the exposed copper in excess of } in. 
penetration per year. 

This test did not establish whether the 
high rate of corrosion of the copper was 
due simply to the effect of velocity, or 
whether it was influenced by galvanic 
effects between the bare copper and the 
surrounding solder covered with a cor- 
rosion product film. However, it did 
demonstrate in a practical way that if a 
break should occur in the solder coating © 
on copper exposed to flowing sea water, 
accelerated corrosion of such exposed 
copper may be expected. The rapidity 
of the attack could be accounted for 
readily by the assumption that solder 
exposed to flowing sea water acquires a 
corrosion product film which is more 
noble than bare copper. A few simple 
potential measurements have tended to © 
support this assumption. 
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CONTROLLING FACTORS IN GALVANIC CORROSION* __ 


ecu 


SyNopPsIS 

Data are presented which show the effects of variation of cathode area 
and galvanic circuit resistance upon the corrosion current in tests on iron 
coupled with copper in a neutral sodium chloride solution. Anode and 
cathode polarization curves are given for iron and copper, respectively. 
Currents estimated from these by application of Evans’ graphic method are 
in good agreement with the observed galvanic currents. It is further found 
possible to express the results by a simple equation relating the current, the 
anode and cathode areas and the resistance. 

The principle that the galvanic corrosion current is directly proportional 
to the cathode area is deduced to be valid at moderate ratios of cathode area 
to anode area in solutions with good conductivity but is shown to be inap- 
plicable at high ratios where the retarding effects of resistance and anode 
polarization become important. Practical aspects of galvanic corrosion are 
discussed, including the influence of the nature of the cathode material 


and the selection of safe combinations of dissimilar metals. 


A sliiaiie of years ago a study was 
made of the effect of variation in resist- 
ance of the galvanic circuit upon the 
current generated by contact of dis- 
similar metals in neutral and acid elec- 
trolytes. Subcommittee VIII on Gal- 
vanic and Electrolytic Corrosion of the 
Society’s Committee B-3 on Corrosion 
of Non-Ferrous Metals and Alloys 
learned of this and requested that some 
of these unpublished data be presented 
in a paper for discussion as a companion 
to the paper by LaQue and Cox? on 
potentials of metals in sea water. In 
the early work it had been found that for 
a wide variety of metal couples the re- 


* The presentation of this paper at the annual meeting 
was sponsored by Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys. 

1 Assistant Director, Research Laboratory, The Inter- 
national Nickel Co., Inc., Bayonne, N. J 
2 See p. 670. 


sults could be expressed itil well 
by an empirical equation of the follow- 


ing nature: od 
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where J is the galvanic current, R is the to- 
tal unpolarized resistance of the circuit, 
A, the cathode area, K a constant and V 
a constant in most cases equal to the open 
circuit electromotive force of the couple. 
The chief exceptions were those in which 
platinum was included as one of a pair 
of dissimilar metals. In addition to the 
resistance experiments galvanic corro- 
sion tests were also completed with the 
iron-copper couple in 3 per cent sodium 
chloride solution in which the cathode 
area was varied over a wide range. 
Here, again, Eq. 1 was found to apply 
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with values of the constants identical 
with those determined in the corre- 
sponding resis{Ance experiment. 

It was recognized that this equation 
involved Ohm’s Law and in fact reduces 
to Ohm’s Law at low values of cathode 
polarization wijere K is small or A, is 
large. Howevéy, the significance of the 
polarization term was not well under- 
stood and it was not until the graphic 
method of Evans for deriving corrosion 
currents from polarization curves was 
applied that the results of these galvanic 
corrosion experiments have been satis- 
factorily explained. This has required 
determination of the anode and cathode 
polarization curves for iron and copper, 
respectively, under the corrosive con- 
ditions maintained during the cathode 
area and resistance experiments. 

The experiments with the iron-copper 
couple in aerated 3 per cent sodium 
chloride solution will be described in 
detail. It was felt that the interests of 
Committee B-3 would be better served 
by a thorough analysis of the behavior 
of this one metal pair in one environment 
than by an attempt to discuss a number 
of galvanic couples in various media in 
a necessarily more general way. 


APPARATUS AND PROCEDURE 


In the galvanic corrosion tests the 
temperature, degree of aeration of the 
electrolyte and the rate of motion of the 
electrodes were each controlled by use 
of the “circular path” corrosion ap- 
paratus.4 This provides a yoke from 
which the specimens are suspended and 
which imparts to them a uniform mo- 
tion in a vertical circular path of 5.1 
cm. diameter at a speed of 4.7 m. per 
min. This type of motion is particu- 


*U. R. Evans, “Distribution and Velocity of the 
Corrosion of Metals,’ Journal, Franklin Inst., Vol. 208, 
No. 1, p. 52 (1929). 

40. B. J. Fraser, D. E. Ackerman and J. W. Sands, 

“Controllable Variables in the Qu uantitative Study of the 

Submerged Corrosion of Metals,” Industrial and Engineer- 
ing Chemistry, Vol. 19, p. 332 (i927). 
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larly advantageous in galvanic testing 
because a commutator or mercury cup 
is not needed in making electrical con- 
nections to the test specimens. Since 
no twist is involved the leads from the 
electrodes can be directly connected to 
a calibrated resistance attached to the 
yoke. The degree of aeration of the 
electrolyte was controlled at the satura- 
tion point by introducing filtered air 
through porous alundum thimbles which 
serve to break up the air stream into 
minute bubbles. A glass chimney at- 
tached over the aerator prevented direct 
impingement of bubbles upon the speci- 
mens. The temperature in all ex- 
periments was maintained at 30 + 1 C. 

The anodes were cylinders of com- 
mercially pure ingot iron’ 2.5 cm. in 
diameter and 0.6 cm. thick with an 
0.6-cm. hole drilled through the center. 
An enameled copper wire was soldered 
to the rim and the joint, rim and one 
face of the specimen were coated with 
paraffin. The cathodes were of com- 
mercial rolled sheet copper. Each was 
paraffined on the back surface and an 
anode was mounted against the middle 
of the front face by means of an insu- 
lated rod passing through both anode 
and cathode. The paraffin on the anode 
and a 2.5-cm. disk of thin sheet rubber 
served to insulate the electrodes from 
each other. The anode surface was 
thus a disk situated about 0.9 cm. from 
the plane cathode surface and parallel 
to it. Just before starting each experi- 
ment the cathode was cleaned by dipping 
it in a bright pickling solution after 
which it was rinsed successively in pure 
concentrated sulfuric acid solution and 
water. Perfect freedom of the cathode 
surface from grease or oily matter 
seemed essential for reproducibility of 


results. 


5 Nominal composition 99.8 -+- per cent iron. 
6 Nominal composition 99.9 + per cent copper. 
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The galvanic circuit was completed 
by an external resistance of 0.238 ohms, 
the potential across which was measured 
in determining the current by means of a 
potentiometer equipped with a sensitive 
galvanometer. In the cathode area ex- 
periments the duration of each test was 
about 18 hr. so that it was more con- 

TABLE I.—EFFECT OF CATHODE AREA ON 


CORROSION OF IRON ANODES IN 3 PER 
CENT SODIUM CHLORIDE SOLUTION. 
Temperature, 30 C. Solution saturated with air. Vol- 
ume of solution, 60.6 liters. 
Velocity of motion of electrodes, 4.7 m. per min. Ex- 
ternal resistance, 0.24 ohm. Anode area, 0.046 sq. dm. Aa. 


Average Current, J, 
amp. 


Area Of 
Copper, Ac, 
sq. dm. 


ss) 
Graphically 
Calculated 


pny Anode 


Determined 


go 


Estimated. 
Observed steady state current. 


TABLE II.—EFFECT OF RESISTANCE 
ON GALVANIC CORROSION. 


Temperature, concentration, aeration, solution volume, 
and velocity of electrodes as in Table I. 

Area of anode (iron) - 0.046 sq.dm. Area of cathode 
(copper)—8.40 sq. dm. Internal resistance —3.17 ohms. 


| Current, J, amp. 
Total Resistance, |__ 


|Determined | Calculated 
Graphically from Eq. 10. 


venient to measure the average current 
by determining the total loss in weight 
of the anode and calculating from it the 
equivalent average galvanic current. 
This is permissible when the anode area 
is so small that its normal rate of corro- 
sion is negligible in comparison with the 
rate of galvanic corrosion, a point well 
established in preliminary tests as well as 
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by published results of corrosion current 
experiments.’ In the experiments in 
which the external resistance was varied 
the electrodes were connected through 
an external resistance of 0.238 ohms 
until a steady current was reached. The 
potential drop across this resistance was 
then recorded and a resistance of 2 
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-0.60 


inst Saturated 


Electrode 


-0.50 


Anode Area 0.05! sq. dm. 
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Fic. 1.—Anode Polarization of Iron in Aerated 
3 per cent NaCl. 


° Readings min. to lhr. 
after Altering Current 

ofter Altering Current 


ted Calomel Electrode, v. 


2 4 6 8 
Current, ma. 


Fic. 2.—Cathode Polarization of Copper in 
Aerated 3 per cent NaCl. 
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fo) 


ohms was inserted in series. After 
waiting 10 min. the current was 
again recorded and so on. The internal 
resistance of the galvanic cells was 
measured with 60-cycle alternating cur- 

7W.A. Wesley, “Anode and Cathode Weight Losses in 


Galvanic Corrosion,” Transactions, Electrochemical Soc., 
Vol. 73, p. 539 (1938). 
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rent with the aid of an alternating cur- 
rent galvanometer. This result was 
added to thg.externai resistance to give 
the total resistance of the galvanic 
circuit, R. 

The results of the galvanic corrosion 
experiments are presented in Tables I 
and II. 


A curve showing the variation of the 
potential of an anodic or cathodic sur- 
face with change in the current applied 
is called a polarization curve. For use 
in predicting the behavior of corrosion 
cells these relationships must be de- 
termined under corrosive conditions 
identical with those maintained in the 
cell; for example, the same temperature, 
degree of aeration and rate of motion of 
electrode or electrolyte must be con- 
tinued. This was done in obtaining the 
anode and cathode curves for iron and 
copper, respectively, shown in Figs. 1 
and 2. The potential in each case was 
measured with the aid of a tipped tube 
filled with the sodium chloride elec- 
trolyte, opening close against the elec- 
trode surface and leading through a 
sodium chloride - potassium chloride 
bridge to a saturated calomel electrode. 
Little difficulty was experienced in 
obtaining steady state potentials for the 
anode polarization of iron but the cath- 
ode potentials of copper, particularly 
those at the higher current densities, 
were extremely sensitive to variation in 
the method of preparation of the cath- 
ode surface and to presence of any 
tarnish such as that which forms upon 
copper when very low cathode currents 
are applied. Most nearly reproducible 
results were obtained with copper 
cleaned by etching its surface in an 
ammoniacal solution of hydrogen perox- 
ide followed by a scrub with a bristle 
brush dipped in clean pumice powder. 
It was observed that a steady state was 


Polarization Curves: 


sion from the Electrochemical Stand 


reached more quickly when potentiai 
readings were made with successive in- 
creases in current rather than with 
decreases. The points in Fig. 2 were 
determined with successive increases in 
current. In addition, a few readings 
were made at indicated values of the 
current at which 4 to 18 hr. were allowed 
to pass without disturbing the circuit. 
Greater weight was given these steady 
state points in drawing the solid curve 
of Fig. 2. 


EFFECT OF RESISTANCE OF GALVANIC 
CIRCUIT 


Evans and Hoar® showed that the cur- 
rent in a corrosion cell can be computed 


from the electrode potentials by a modi- - 


fied form of Ohm’s Law, whence 


where E, and £, are the potentials of 
anode and cathode, respectively, as 
measured against a standard electrode. 
Since E, and E, vary with change in 
the corresponding current densities J/Aa 
and J/A, it is necessary to determine 
the polarization curves before the cor- 
rosion current can be predicted over a 
range of values of R. It should be noted 
that R represents the total resistance 


of the galvanic circuit including the © 
internal or electrolytic path as well as | 


the external or metallic path of the 
current. 


Polarization curves may be of com- © 


plex shape because they often represent 
the effects of more than one electrode 
reaction in the region of potentials and 
current densities of interest in corrosion 
studies. In the case of the cathodic 
curve for copper in Fig. 2 the reduction 
of oxygen is probably the predominant 


reaction at potentials from —0.2 v. to 


8 U. R. Evans and T. P. Hoar, “‘The Velocity of Corro- 
int. Part II,’ 
Proceedings, Royal Soc. (London), A, Vol. 137, p. 343(1932). 
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74/Ohms 


{ 


5.4/ Ohms 


3.4/1 Ohms 


fa 


| 


Ohms 


Area of Iron 0.046 sq.dm. | 
Area of Copper 8.40 Sg. gm. 


20 30 


4 


0 50 60 70 80 bie 


Current, ma. 


Fic. 3.—Graphic Determination of the Galvanic Current at Various Values of Resistance. 


tial of the solution, namely, —0.66 v. 
with reference to the saturated calomel 
electrode. As the cathode potential is 
made increasingly negative there is a 
shift through an unstable region which 
should then lead to the usual logarithmic 
hydrogen overvoltage curve for copper 
beginning at potentials a few tenths of a 
volt more negative than —0.66 volt.° 
When the polarization curves are of 
complex shape the derivation of the gal- 
vanic current from Eq. 2 can be best 
expressed graphically, following Evans. 
To apply this method to derive the 
current-resistance relationship of Table 
II the iron and copper polarization 
curves are redrawn to correspond with 
the actual areas of iron and copper used 
in this experiment. This is done in 
Fig. 3. Then, for a given value of R, 
the current J which will satisfy Eq. 2 
is that value at which the product JR 
equals the difference between the anode 
and cathode potentials, in other words 
that value of J at which the vertical 
distance between the two polarization 
curves is equal to the product JR. The 
dotted lines in Fig. 3 represent the values 


® 0. Gatty and E. C. R. Spooner, “The Electrode Po- 
tential Behavior of Corroding etals in Aqueous 
— p. 241, Oxford University Press, England 


of J at which this is true for each value 
of R recorded in Table II. 

The relationship between J and R 
thus derived graphically is shown as a 
curve in Fig. 4. The excellent agree- 
ment with the observed currents is 
demonstrated by plotting these as points 
on the same graph. 
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Fic. 4.—Effect of Resistance on Galvanic 
Corrosion. 
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There are two interesting deductions 
which can be made from Fig. 4. The 
first is that if it were possible to reduce 
R to zero the current would not become 
infinite but would reach the value 82.5 
ma., the point at which the polarization 
curves intersect. This principle is im- 
portant from an engineering standpoint 
because it establishes a maximum limit 
to the galvanic corrosion in a cell, use- 
ful if the resistance of the circuit were 
not known. The second is that there is 
no portion of the current-resistance 
curve at which J is independent of R. 
If the galvanic corrosion current were 
determined solely by the rate of diffu- 
sion of oxygen to the cathode surface, 
as is sometimes postulated, a variation 
in R would not affect J. The latter can 
occur only when the cathode polariza- 
tion curve is vertical, as is true, for 
example, in the copper curve of Fig. 2 
over a range of potentials only more 
negative than —0.65 v. Under the 
conditions of test maintained in the 
present experiments a liberal supply of 
oxygen is assured. If conditions were 
altered so as to restrict that supply then 
the current-resistance curve would be 
expected to show a range over which 
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Current, ma. 
Fic. 5.—Graphic Determination of Galvanic Current with Different Cathode Areas. 


variation in R would not alter the value 
of I. 


EFFECT OF VARIATION IN CATHODE 


AREA 


Redrawing the original cathode po- 
larization curves to represent the poten- 
tial-current relationship for each area of 
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_ Fic. 6.—Effect of Cathode Area with High 
Ratio of A, to Aa. 
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cathode employed in the experiments of 
Table I permits the ready graphic de- 
termination of the corresponding gal- 
vanic currents. If the resistance drop 
could be neglected the current would be 
given by the intersections of the anode 
curve with the corresponding cathode 
curves. Instead, correction for the re- 
sistance drop is made as before and is 
illustrated in Fig. 5. The results are 
presented in Table I and Fig. 6. The 
agreement between calculated and ob- 
served average currents is satisfactory 
considering the greater opportunities for 
error in the procedure used in deter- 
mining the observed currents as com- 
pared with that employed in the 
resistance experiment. 

The graphic method has been em- 
ployed successfully by Brown and 
Mears" in deriving the effect of area of 
cathode upon the currents flowing be- 
tween anodic and cathodic areas of 
aluminum, although the conditions em- 
ployed were such that it was not neces- 
sary to determine values of R and the/R 
drop could be neglected. 


“Catchment Area” Principle: 


Whitman and Russell" exposed steel 
plates partly coated with copper to cor- 
rosion by water and found that, re- 
gardless of the fraction of surface coated, 
the total corrosion remained the same as 
that of the bare steel. They suggested 
that the velocity of attack was controlled 
by the amount of oxygen reaching the 
metal surface. The cathodic reaction 
took place over all the metal area and the 
corrosion was confined to the portion of 
steel not coated. Evans coined the term 
“Catchment Area Principle” for this 
theory, since the copper acted as a 


10R. H. Brown and R. B. Mears, “The Electro- 
chemistry of Corrosion,” Transactions, Electrochemical 
Soc., Vol. 74,0. 502 (1938). 

uW. G. Whitman and R. P. Russell, “The Natural 


Water Corrosion of Steel in Contact with Copper,” In 
dustrial and Engineering Chemistry, Vol. 16, p. 276 (1924). 


catchment area for oxygen. He has 
discussed this and other cathode area 
data” and pointed out that the prin- 
ciple should be applicable when the 
oxygen supply is indeed restricted 
enough that diffusion of oxygen is the 
sole controlling process, but that in 
general the rule is not quantitatively 
reliable. With a liberal supply of oxy- 
gen the principle could apply strictly 
only if the cathode polarization curves 
for the corroding metal and the more 
noble metal were identical. 

The catchment area principle can be 
placed upon a truly quantitative basis 
by suitably modifying it. Consider the 
effects of variation in cathode area in 
cells in which the resistance drop IR 
and the differences in anode polariza- 
tion are small enough to be neglected. 
The currents for different cathode areas 
are then given by the intersections of 
the individual cathode polarization 
curves with the substantially horizontal 
anode curve. Since the intersections 
occur at the same potential with all the 
cathodes they must represent the same 
cathode current density. The galvanic 
corrosion currents must then be directly 
proportional to the areas of copper con- 
nected to the iron. The reasoning will 
hold whether the electrolyte be neutral 
or acid, whether the cathode reaction be 
reduction of oxygen or liberation of hy- 
drogen gas. 

This quantitative principle can there- 
fore be stated as follows: When condi- 
tions are such that both anode polarization 
and resistance drop can be neglected the 
galvanic corrosion of the anode is directly 
proportional to the area of the cathode. 
Call this the “‘constant current density” 
principle: 


Galvanic corrosion = J = k Az. .(3) 


12U. R. Evans, “Metallic Corrosion, Passivity and 
one. pp. 513-516, Edward Arnold and Co., London 
1938). 
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With negligible anode polarization the 
following relation would hold: 


Total corrosion of anode = normal + 
galvanic corrosion = 


Compare this with an expression of the 
catchment area principle: 


Total corrosion of anode 
ki (Ag + A.) 


It will be seen that Eq. 5 is valid only 
when ki = k. The catchment area 
principle is therefore expected to be re- 
liable only when the anodic and cathodic 
materials of the couple are equally effec- 


TABLE III.—_ESTIMATED GALVANIC CORROSION 
FOR LOW RATIOS OF COPPER TO IRON AREAS. 


Assume corrosive conditions same as those of Table I. 
The normal rate of corrosion of iron (alone) under these 
conditions was found experimentally to be 350 mg. per sq. 
dm. per day which is equivalent to 14 ma. per sq. dm. 

Anode area in calculations below assumed to be 1 sq. 


cause the cathode area-current rela- 
tionship to deviate widely from a 
straight line. The ratios of cathode 
area to anode area are very high and the 
quantitative relationships can be de- 
rived only graphically or by a formula 
to be discussed later. 


Low Ratios of Cathode Area to Anode 
Area: 


With low ratios of cathode to anode 
areas the depressive effects of resistance 
and anode polarization should be less 
pronounced. Let the corrosion which 
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tive seats for the cathodic reaction, 
that is, when they have identical cathode 
polarization curves in the region of 
potentials close to the intersection with 
the anode curve. This statement is, of 
course, subject to the original assump- 
tion that the depressive effects of re- 
sistance and anode polarization must be 
negligible. 

The situation can be clarified by dis- 
cussion of specific couples. Both the 
constant current density principle and 
the catchment area principle are in- 
applicable in the data of Table I and 
Fig. 6 because the effects of R and of 
anode polarization are pronounced and 
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Fic. 7.—Effect of Cathode Area with Low Ratio 
of A. to Ag. 


would take place in iron-copper couples 
in which the cathode to anode area ratio 
varies from zero to five be estimated. 
This can be done graphically with some 
degree of confidence by replotting the 
appropriate portions of the polarization 
curves of Figs. 1 and 2. Assuming that 
the anode area is relatively large (1.0 sq. 
dm.) and that the anode to cathode dis- 
tance is not very great, the resistance 
of the circuit with 3 per cent sodium 


‘chloride electrolyte would be small — 
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enough to neglect. The galvanic cor- 
rosion to be expected is given in 
Table III. The total corrosion of the 
anode can be taken as approximately 
equal to the sum of the galvanic and 
normal rates in the case of iron cor- 
roding at moderate rates in neutral 
sodium chloride solution.’ 

The calculated corrosion results are 
illustrated in Fig. 7. Since they form a 
practically straight line it is evident that 
the constant current density principle 
(Eq. 3) is valid in this case. In addition, 
the catchment area principle appears to 
be not far from right for low ratios of 
copper to iron areas. 


TABLE IV.— RATE OF CORROSION OF IRON COUPLED 
WITH VARIOUS CATHODES IN 3 PER CENT 
SODIUM CHLORIDE SOLUTION. 

Corrosive conditions same as in Table I. 
Area of anode- 0 14sq.dm. Area of cathodes—3.3 sq. 
dm. Duration of test—6 hr. ‘ : 
Loss in Weight 
Cathode Material of Anode, 
etched 
surlace) 


mg. dm. per 


@ Average of two experiments. 


Effect of Nature of Cathode Metal: 


The catchment area principle postu- 
lates that the nature of the cathode 
metal shall make no difference in the 
rate of galvanic corrosion. As explained 
before this would require that cathode 
polarization curves for different metals 
coincide. This would clearly be the 
case when the rate of the cathode reac- 
tion is limited solely by diffusion of 
oxygen. On the other hand, when the 
cathode reaction is chiefly the formation 
of hydrogen gas it is equally obvious that 
the cathode polarization curves for 
metals will differ in the same way as 
their hydrogen overvoltages differ. 
Evans” refers to a number of examples 
in the literature in which the rate of 
corrosion of iron or other anodes was 


accelerated equally by contact with 
different metals irrespective of their de- 
gree of nobility toward theanode. Some 
experiments performed in this labora- 
tory agreeing with this are shown in 
Table IV. 

Against these data Evans! placed 
some of his own. He tested strips of 
iron exposed to salt solutions (a) alone, 
(6) in galvanic contact with a strip of 
another metal of equal area, and (c) 
in galvanic contact with a strip of 
double area. The secondary metals were 
nickel, copper and lead. Evans pointed 
out that if the catchment area principle 
were valid the ratio of corrosion of iron 
in condition (a), (6), and (c) should be 
the same for the three metals and should 
be 1:2:3 in all cases. Actually, he 
found the ratio to hold well for nickel 
(1:1.91:2.86), but to be too low for lead 
(1:1.24:1.47), and too high for copper 
(1:2.80:4.17). It is interesting to point 
out now that Evans’ experiments are in 
better agreement with the constant cur- 
rent density principle (Eq. 3). This is 
shown by subtracting the normal cor- 
rosion from his results in each case. 
Then the galvanic corrosion rates become 
for nickel (0:0.91:1.86), for lead 
(0:0.24:0.47), and for copper (0:1.80: 
3.17). In each case the results are not 
too far from being directly proportional 
to the cathode areas. 

To recapitulate, the catchment area 
principle is a useful qualitative rule 
while the constant cathode current den- 
sity principle is a true quantitative 
guide whenever the resistance drop in 
the galvanic cell and the change in anode 
polarization are small enough to be 
neglected. 


EQUATION FOR GALVANIC CORROSION 


In spite of the great progress which 
has been made in the past 10 yr. in 
understanding the mechanisms of elec- 
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trode reactions involved in corrosion® it 
is still not possible to derive the cathode 
polarization curves for different metals 
from fundamental data. Fortunately, 
galvanic cells of practical interest often 
involve only relatively narrow ranges of 
current density so that the anode and 
cathode polarization curves can then be 
considered straight lines within such 
limits. This was true, for example, in 
the experiments of Evans and Hoar® 
with iron, and of Brown and Mears!® 
with aluminum, in potassium chloride 
solutions. 

If the polarization curves are straight 
lines they can be expressed by Eqs. 6 
and 7: 


bes 


where E° and E® are the intersections 
of the lines with the zero current axis 
(in most cases the same as the open- 
circuit potentials of the anodic and 
cathodic materials, respectively) and 
M, and M, are the slopes of the anodic 
and cathodic curves. Applying the 
fundamental equation of galvanic cor- 
rosion, namely 


then A 


In many cases the difference E? — E. 
is the same as the open-circuit emf. of 
the galvanic couple concerned. Calling 
this difference V then 


M, M. 


6) 


Equation 9 states the relationship be- 
tween the galvanic current J and the 


13 Gatty and Spooner, Loc. cit., Chapter I and Appendix. 
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resistance R and at the same time that 
between J and the cathode area A,. 
It includes no arbitrary constants. 

It is significant that this equation for 
galvanic corrosion reduces to the con- 
stant current density relationship (Eq. 
3) when the terms R and M,/Agq are 
small. Again, when the two polariza- 
tion terms are small in comparison with 
R the equation reduces to Ohm’s Law, 
V = IR, the significance of which in 
galvanic corrosion will be discussed later. 

Equation 9 can be applied to the data 
of the resistance and cathode area ex- 
periments already presented. The iron 
polarization curve of Fig. 1 is a straight 
line for values of J greater than 20 
ma. with the following constants: 


E. = — 0.567 v. and as = 0.71 if A. 
is expressed in square decimeters. Simi- 
larly the copper polarization curve of 
Fig. 2 can be represented satisfactorily 
by a straight line over a range of current 
densities from zero to 9 ma. per sq. dm. 


by Eq. 7 with the following values of 


the constants: 


E? = —0.217 v. and ef = — 23.5. 


Substituting these values of the con- 
stants in Eq. 9 gives ir) 


0.350 = 1(R + 0.71 + A . . (10) 


The agreement between values of J cal- 
culated from Eq. 10 and the observed 
values for both the cathode area and the 
resistance experiments is shown in 
Tables I and II and is quite satisfac- 
tory. 

If the equation were to be used to 
calculate the galvanic currents at low 
ratios of cathode to anode areas differ- 
ent constants would be used since the 
anode polarization would be low, making 
E approach —0.68 v., and the cathode 
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polarization would be high, where the 
cathode curve has a steeper slope. 

It is interesting to compare Eq. 9 with 
the old empirical Eq. 1. They differ 
only in that the term which accounts for 
anode polarization (M,/Aa) is missing 
from the latter. This deficiency was 
not important in applying Eq. 1 to the 
data on the iron-copper couple because 
the slope of the polarization curve for 
iron in sodium chloride solution is small. 
It is intended to review at a later date 
the early experiments which involved a 
variety of metal pairs exposed in acid as 
well as neutral solutions and apply 
polarization data now available which 
may be applicable to the specific com- 
binations involved. 


LIMITING OR Maximum GALVANIC 
CoRROSION 


La Que and Cox? raise an important 
question in presenting their data on the 
potentials of metals and alloys in sea 
water. How far apart in their galvanic 
series can two metals be selected yet 
represent a couple safe to use in prac- 
tice? There is one approach to the 
answer which may be of use to an en- 
gineer faced with a specific application 
in sea water, provided that the resistance 
of the galvanic circuit between the 
proposed parts can be estimated or 
measured: 

The maximum value of the potential 
term E, — E, in the fundamental Eq. 
2 is that corresponding to the open cir- 
cuit potential of the couple. This is 
true because polarization at either or 
both electrodes operates to reduce the 
difference E, — E, if no external source 
of electromotive force is introduced. 
Calling the open-circuit potential dif- 
ference V,, measured under the corro- 
sive conditions in question, then the 
maximum possible galvanic current is 
given by the relation 
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It is therefore only necessary to substi- 
tute the emf. V, estimated from the 
La Que and Cox series in Eq. 11 to ob- 
tain the value of the limiting galvanic 
current for the proposed cell whose re- 
sistance is R. If this current, converted 
to the equivalent rate of corrosion upon 
the anodic member of the galvanic 
couple and added to the rate of normal 
corrosion of the latter, proves to be a 
safe value then the selected pair of 
metals can be safely employed. If this 
limiting value is too high then an answer 
can be had only by determination of the 
polarization curves and application of 
Eq. 2. 


ESTIMATION OF RESISTANCE R 


It must be now evident that one of the 
important factors in galvanic corrosion 
is the resistance of the circuit R. It 
will be seldom possible to measure R 
exactly in studying galvanic corrosion 
problems in industry. However, even 
a crude approximation of the value of R 
could be useful from an engineering 
viewpoint. The resistance of the me- 
tallic portion of the galvanic circuit is 
usually negligible so that the problem 
resolves into determination of the re- 
sistance of the electrolytic portion of 
the circuit. This subject is dealt with 
by Jeans and those who are concerned 
with galvanic corrosion problems will 
find this reference quite helpful. He 
discusses methods of mathematically ap- 
proximating values of R for various 
shapes and sizes of electrodes. Of 
course the resistance of certain simple 
combinations like two concentric tubes 
can readily be computed. In other 
combinations it may be possible to fix a 
minimum limit for R even if the actual 
value cannot be estimated. This would 


4 J. H. Jeans, “The Mathematical Theory of Elec- 
tricity and Magnetism,”’ pp. 350-363, Cambridge Uni- 
versity Press, England (1925). 
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then permit estimating a maximum value 
for the galvanic current. 


PRACTICAL ASPECTS OF GALVANIC 
CoRROSION 


As a substitute for a set of specific 
conclusions it may be more useful to 
review galvanic theory from a practical 
and qualitative point of view. If a 
proposed application of dissimilar metals 
in contact is being considered and it is 
possible to obtain anode and cathode 
polarization curves and the resistance 
of the galvanic system then the galvanic 
corrosion can be estimated by the 
graphic methods already described. 
However, this information is not or- 
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Cathode Area —~ Cathode Area —~ 


Fic. 8.—Effect of Relative Nobility of Cathode 
Material (Schematic). 
(a) In salt solution with high conductivity such as sea 


water. 
(6) In solution with poor conductivity such as tap 
water. 


dinarily readily obtainable and reliance 
must be placed upon general qualitative 
principles to avoid dangerous metal 
combinations. 

The current in galvanic corrosion in- 
creases with increase in area of the catho- 
dic member of the couple. The maxi- 
mum rate of increase is set by the 
constant current density principle which 
states that the galvanic current is di- 
rectly proportional to the cathode area. 
In general this rule applies when the 
electrolyte is one of moderate or high 
conductivity, the anode does not polar- 
ize greatly and the cathode area is not 
too many times greater than the anode 
area. These conditions are commonly 


met by galvanic couples of many com- 
mercial metals in chloride solutions such 
as sea water. The relationship is illus- 
trated by the lower solid curve of Fig. 7. 
The rule holds because the controlling 
factor under such conditions is the rate 
of the cathode reaction. 

If it is known that the cathode reac- 
tion rate is itself limited by the rate of 
diffusion of oxygen, as in the corrosion 
of iron in sea water with a restricted 
supply of oxygen, then the nature of the 
cathode material is relatively unim- 
portant, provided it is appreciably more 
noble than the anode material (Fig. 
8 (a)). Furthermore, the total corro- 
sion rate of the anode is here expected 
to vary directly as the total area of the 
couple, as illustrated by the upper curve 
of Fig. 7. These principles explain why 
it is safe to employ copper rivets on a 
steel plate exposed to sea water but not 
safe to use steel nails to fasten copper 
sheathing on a boat hull. 

Where corrosion proceeds chiefly by 
liberation of hydrogen gas and the solu- 
tion is a good conductor of electricity, 
the constant current density principle 
still should apply but the nature of the 
cathode metal will now play an im- 
portant part. Under these conditions a 
cathode material of low hydrogen over- 
voltage will permit greater galvanic 
corrosion than one of higher overvolt- 
age. Thus it is much safer to place 
zinc in contact with mercury in an 
acidic solution than with platinum. 

At the other extreme in regard to con- 
trolling factors is the galvanic circuit in 
which the electrolyte resistance is high 
in relation to the available electromotive 
force of the metal pair. Here the cath- 


ode area, diffusion of oxygen and hydro- 
gen over-voltage play minor roles be- 
cause the galvanic current is determined 
solely by Ohm’s Law, V, = JR where V, 
is the open-circuit potential difference of 
the couple. 


The resistance and the 
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available potential are the controlling 
factors. Thus, in very dilute solutions, 
iron will be expected to corrode more 
rapidly in contact with platinum than 
when in contact with an equal area of 
copper (Fig. 8 (6)). 

The third class of galvanic conditions 
is the large one between the two ex- 
tremes just discussed. Control does 
not shift suddenly from the cathode re- 
action type to the resistance type but 
there is instead a wide range of condi- 
tions over which the resistance of the 
circuit, the anode polarization and the 
cathode reaction all exert an influence 
upon the galvanic current. The data 
illustrated in Figs. 3 to 6 are in this class. 

The foregoing generalizations can be 
rendered invalid by many disturbing 
factors, such as pronounced anode 
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polarization, formation of protective 
films, nonuniform current distribution 
and the like. When these interferences 
occur it is necessary to determine anode 
and cathode polarization curves under 
the specific conditions involved in order 
to derive the galvanic corrosion currents. 


Acknowledgment: 


The guidance and encouragement of 
P. D. Merica, Vice-President of The 
International Nickel Co., Inc., are 
gratefully acknowledged, as are the 
many contributions of O. B. J. Fraser, 
now Director of Technical Service, 
under whose direction the galvanic cor- 
rosion tests were originally performed 
The assistance of R. E. Smith, who 
determined the polarization curves, is 
greatly 


iy 


j 702 

tio: 
We 
ma 
Sar mo 
Sut 
tak 
ant 
twi 
fro 
“re 
mé 
po! 
act 
Th 
ins 
dr 
for 
po 

be 
Ww 
pa 
th 
Mi 
Bi: 


Me. R. F. no.—If the polariza- 
tion curve for copper in Fig. 3 of Mr. 
Wesley’s paper were extended beyond 90 
ma., the potential of the copper would be 
more negative than that of the iron. 
Such a relation of potentials might be 
taken to mean that the copper was 
anodic to the iron. This position of the 
two metals is unnatural and cannot arise 
from galvanic currents. In spite of the 
“reversed” potential relations of the two 
metals beyond the intersection of the 
polarization curves, the copper is still 
acting as cathode and the iron as anode. 
The only way the copper could become 
an anode to the iron would be to hitch 
into the circuit, say, a dry cell battery 
and connect the carbon pole of the 
battery to the copper and the zinc pole 
of the battery to the iron. In this 
instance the electromotive force of the 
dry cell would buck the electromotive 
force of the galvanic copper-iron cell. 
The polarization curves for this artifi- 
cially reversed condition would be very 
different from those the author has 
shown; there would be then an anodic 
polarization curve for the copper instead 
of the cathodic one shown. Is this 
substantially correct? 

Mr. J. T. MacKenzie.2—We recently 
completed a test in artificial sea water 
for various combinations of copper- 
bearing and copper-free nuts and bolts 
which show that, while the copper-free 
part of a couple is attacked more than 
the copper bearing, the total corro- 


1 Research Engineer, The American Rolling Mill Co., 
Middletown, Ohio. 
2 Chief ‘Chemist, 


American Cast Iron Pipe Co., 
Birmingham, Ala. 


sion in such | an assembly with some _ 
copper in it is less than the total cor- 
rosion of a joint which has all copper- 
free materials in it. We made a test to 
see how much damage would be done if 
some mistake were made and we got 
copper-free nuts connected with copper- 
bearing bolts, etc. We were very pleas- 
antly surprised to find that we had 
nothing to fear from such an assembly. 


21-DAY TEST 


per cent 


per cent 


Loss in Weight, 


Plai 
..| Cu-1% 


.| Plain 
Cu—1% 


..| Plain 
| Cu—1% 


o 
n 
| Lossin Weight, 


nN 
ge 


NH | Number 


mre Nw #& | Number 


es ers 


com 


Another point in Mr. Wesley’s tests 
is that the proportion of copper to iron 
is large, whereas in bronze welded assem- 
blies, our main interest in cast iron pipe 
work, the proportion of iron to copper is 
very large; the corrosion depends on the 
access of oxygen to the small surface of 
copper, which means that it is inconse- 
quential. In fact, we have a good many 
years’ experience with bronze welded 
assemblies in sea water and there is very 
little localized corrosion around the weld. 
This has also been borne out in the 
Bureau of Standards Soil Corrosion 
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DISCUSSION ON GALVANIC CORROSION 


Mr. F. L. LAQue.*—We have some 
data which parallel Mr. MacKenzie’s 


a observations on the behavior of brazed 


joints on cast iron exposed to corrosion. 
We have records of the use of monel 


bolts to join cast iron condenser sections 


submerged in salt water for over 20 yr. 
The cast iron in the vicinity of such bolts 
did not show any evidence of accelerated 
attack and, of course, the monel bolts 


_ were not affected in any way. 


With reference to Mr. MacKenzie’s 
experiences with cast irons containing a 


small amount of more noble alloying 


elements when used in conjunction with 


unalloyed cast iron, we have made some 


similar studies of the behavior of combi- 


nations of carbon steel and alloy steels. 


_ For example, nickel-steel rivets contain- 


mersed in sea water. 
rivets have remained substantially free 


ing from 1.5 to 2 per cent nickel were 
driven into carbon steel plates and im- 
These alloy-steel 


from corrosion after 5-yr. exposure, 


_ whereas carbon steel rivets in the same 
_ plates have suffered considerable attack. 


If the area relationships between an 
alloy steel or cast iron and unalloyed 


~ steel or iron are favorable, the small 


difference in potential which is developed 
may be sufficient to insure practically 


complete galvanic protection of the 
_ alloy without any significant increase in 


the corrosion of the unalloyed material. 
Mr. W. A. WESLEY‘ (A uthor’s closure). 
—While the designer of metal equipment 


- must guard against assembling danger- 


% Research and Development Division, The Inter- 
national! Nickel Co., Inc., New York, N. Y. 
4 Assistant Director, Research Laboratory, The Inter- 


_ national Nickel Co., Inc., Bayonne, N. J 


ous galvanic couples, he should not over- 
look the possibility of putting galvanic 
effects to good use. Mr. MacKenzie 
and Mr. LaQue brought out interesting 
practical applications of beneficial gal- 
vanic corrosion. Note that in all three 
cases the ratio of cathode area (A,) to 
anode area (Aq) was small and safe. 

Mr. Passano pointed out a possible 
source of confusion in presenting graphs 
such as Fig. 3 and 5 due to the continua- 
tion of the polarization curves beyond 
their intersection. This disadvantage is 
mitigated by the fact that full curves do 
show more clearly how the graphs are 
constructed. His analysis of conditions 
required to reverse the direction of cur- 
rent in a given cell was instructive and 
correct. The reason why the potentials 
ia a simple galvanic couple cannot move 
beyond the intersection of the polariza- 
tion curves and thus reverse their 
relationship is evident from inspection 
of Eq. 2: 


E.— IR 


As R is reduced the current J increases 
and E, approaches E,. E, can become 
equal to E, when R is made zero but 
it could become Jess than E, only if R 
could become negative. Since R can- 
not be negative the reversed potential 
relations cannot occur. If an external 
source of electromotive force is inserted 
in the galvanic circuit, this introduces a 
third term into the left side of Eq. 2 and 
allows E, to be forced to a more negative 
value than E,. An external source of 
current was of course employed in ob- 
taining the data for the polarization 
curves. 
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A CORROSION-FATIGUE TEST TO DETERMINE THE PROTECTIVE 
twill QUALITIES OF METALLIC PLATIN 
aT 


By Joun N. Kenyon! 


This paper describes a corrosion-fatigue test for determining the extent 
of protection afforded by metallic platings. Steel bead wire (automobile 
tire reinforcement) was used for the investigation. It is believed that the 
results have general value in connection with fatigue phenomena and the 
various factors influencing fatigue failure. 

It was shown that the measurements obtained by static corrosion and 
static physical tests, hitherto relied upon to determine the probable service 
qualities of bead wire, are inadequate for classifying these materials. Only 
fatigue tests wherein there is simultaneous corrosive attack, are sufficiently 
discriminatory for determining relative service qualities. 

It was found that plating with a more noble metal, such as copper, may 
actually contribute to the embrittlement of steel wire by reason of numerous 
fatigue cracks resulting from galvanic action at points of imperfection in the 
plating. No embrittling conditions were encountered where the wire had 
first been galvanized before plating with copper. 


Under the most favorable of service 
conditions, there is a slight deterioration 
in metals due to the gradual inroad of 


fatigue resisting properties of steel 


wire. 


corrosion. These attacks may be so 
mild in nature that there is no appre- 
ciable loss in tensile and ductile proper- 
ties, and only a slight loss in metal ex- 
pressible in grams per square centimeters 
per year. If, on the other hand, the 
same metals are simultaneously sub- 
jected to cyclical stress, a corrosive 
attack, however slight, may have a pro- 
nounced effect on the endurance proper- 
ties. Since slight corrosive attacks are 
considerably retarded by metallic plat- 
ings, the present investigation was 
undertaken to determine the effect of 
some of these platings on the corrosion- 


Instructor Engineering, Columbia Univer- 
sity, New York, N 


Materials: — 

The material selected for the investi- 
gation is commercially termed “bead 
wire” used for automobile tire reinforce- 
ment.? It is subjected to cyclical stresses 
of a comparatively high order under 
widely varying conditions of environ- 
ment. Inflational pressure in the tire 
exerts a steady tensile stress on the wire 
while centrifugal force, which varies 
with speed, exerts a more or less pulsat- 
ing tensile stress and introduces the 
problem of fatigue. The wire also resists 
certain other forces of a vibrational and 
flexural nature due to uneven road beds 


*H. C. Pearson, ‘Pneumatic Tires,” p. 315, India 
Rubber Publishing Co. (1922). 
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and the rounding of curves; these, in 
general, may be classified as pulsating 
tensile stresses. In the early days 
of the automobile, bead wire failures 
were common. They are comparatively 
rare today due to improved methods of 
tire manufacture. Failures that do 
occur can probably be attributed to some 
form of fatigue fracture, see Fig. 1. 

Present-day bead wire construction 
(Figs. 2 and 3) is governed by the belief 
that the wire should be coated for pro- 
tection and that it must adhere to the 
rubber. Adherence to vulcanized rubber 
is obtained by using copper-plated steel 
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Preliminary Investigation: _ 


As an approach to the study of bead 
wire, a series of corrosion tests were 
made by a standardized method. This 
procedure was governed by the consider- 
ation that the automobile tire is exposed 
to all manner of road and weather condi- 
tions, extremes in temperature, and to 
highway contaminations. While the 
wire reinforcement is well vulcanized in 
rubber, it seemed reasonable to assume 
that this protection, due to injury or 
wear, may not necessarily be permanent. 
It also seemed reasonable to assume that 
the chemical components of the rubber 


Fic. 1.—Fatigue Fractures in Bead Wire from a Passenger Car Tire that Failed in Service. 


wire wherein the copper coating has 
in solution a small percentage of some 
other metal, such as tin, or zinc, or allied 
elements. The term “bronze plate” used 
hereafter refers to a copper coating with 
a trace of tin. The wire and rubber 
compound adhere to each other during 
vulcanization. Whileother metals might 
be used to give adherence to rubber 
compound, copper has been found by 
repeated tests to be the most practical 
plating material.**4 


3C. L. Beal, ‘‘Anode Process for Rubber Articles and 
Coatings,” Industrial and Engineering Chemistry, Vol. 
25, p. 609 (1933). ‘ 

4Leonard Church, “Rubber Coatings for Abrasion 
and Corrosion Resistance,’’ Chemical and Metallurgical 
Engineering, Vol. 40, p. 467 (1933). 


might react chemically with moisture, 
or with extraneous materials, and at- 
tack the wire. The first step, therefore, 
was to consider some of these highway 
contaminating materials and their pos- 
sible chemical effects. 

The intermittent immersion _ test 
method was selected for the preliminary 
study, since the effect of chemical 
attacks are expressible in numerical 
terms. This test method was developed 
for studying the behaviors of metals 
when subjected to alternate wet and 


_ dry conditions; a diagram of the appara- 


tus is given in a paper by Fink and 
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£ DeCroly.6 The test samples are at- 
_ tached to a carrier which rises and lowers 
every 15 min., thus immersing the 
_ materials in solutions and exposing them 
to the atmosphere. The aqueous solu- 
tions are made up with distilled water 
_ which is replenished, from time to time, 
compensate for evaporation. 

The test specimens were copper- 


tap water to remove all possible ad- 
hering deposits, cleaned with carbon 
tetrachloride and alcohol, and again 
weighed. The loss in weight in ten 
days’ exposure was taken as the basis 
for the determination of the rate of 
corrosion. The results of the inter- 
mittent immersion tests are summarized 
in Table I. 


TABLE I.—RESULTS OF INTERMITTENT IMMERSION TESTS. 


Copper-Zinc Plated Bead Wir? 


Bronze Plated Bead Wire® 


Solution 


Physical Properties After Tests 


Physical Properties After Tests 


Tensile | 
. Cold 
Strength) Bends? 


Surface 
Appearance 


Tensile | Cold 


Strength, Surface 


Appearance 


NH.OH, 3%.... 276 000 


273000 | 3.0 | Roughandsome-| 0.062 | 239000 | 3.0 
what pitted =| 


Dark blue, | 0.006 | 275 000 | 4.0 Bright i iron sur- 
if and | fac 


Very rough and 
pit itted 


Uric acid, 5%... . . 277 000 5 Copper plating | 0.100 | 265 000 3.0 Rough, indicat- 


ulled and at- | 
tacked in spots | 


ing heavy at- 
tack on steel 


wire 
| 


acid, 


273 000 3.5 oe iron sur- | 0.059 | 275 000 4.0 


277000 | 4.0 | Smooth, brassy, | 0.006 | 215 000 4.5 
green tinge | 


Smooth iron sur- 


ace 
Steel blue 


} 
H2SOs (SOz, 3%) The wires were cuupielly dissolved within 48 hr. 


Combination o 
all 


Distilled water.. : 276 000 3.5 


dulled in spots 


Cop; lating | 0.028 | 269 000 2.5 
| Copper p but | | 


{ 


| 273000 | 2.5 | Rough and tend- | 0.009 | 275000 2.5 | Bright in spots 
| | 


but deeply at- 
tacked _else- 
where 
| Slightly rough- 
| ened 


| 


Average® 275 000 3.4 
Original 4.0 


| 0.039 | 269 000 3.4 
| 275 000 4.5 


phe average of two determinations. 
> Cold, right angle, reverse bends. 
© Does not include results of the HsSOs tests. 


zinc and bronze-plated bead wire, 0.037 
in. in diameter, carefully prepared by 
cleaning with carbon tetrachloride, 
weighed to the nearest milligram, and 
suspended from the movable carrier by 
paraffined strings. About 7.5-in. lengths 
of wire were subjected to the corrosion 
tests. Two samples of each plating were 
tested in a given solution and the results 
averaged. After testing, the specimens 
were washed and rubbed in a stream of 


5 Colin G. Fink and C. M. DeCroly, ‘‘The Corrosion 
Rate of Ferro-Nickel Alloys,” Transactions, Am. Electro- 
chemical Soc., Vol. 56, p. 239 (1929). 


+} 


4 Zinc by “hot dip” plus copper by electrodeposition. 
* Bronze by “displacement. 


General Conclusions of the Corrosion 
Tests: 


1. The plated wire materials retained 
to a large extent their original tensile 
and ductile properties. 

2. There was no indication of em- 
brittling effects which might indicate 
intercrystalline corrosion. 

3. No general relation was found be- 
tween the pH values of the solutions and 
the loss in metal. 

4. The loss in metal appeared to be 
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more a function of the solubilities of the 
plating materials than of their relative 
positions in the electromotive series. 

5. Low losses in metal may be at- 
tributed, to some extent, to the forma- 
tion of protective films and to the fact 
that these films remained intact under 
the unstressed condition of the wire. 

The tensile and ductile properties of 
the wire were not seriously impaired; 
with the exception of one solution, 
which dissolved the wire, only relative 
differences were exhibited by the solu- 
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It was noted that some of the specimens 
tended to corrode and pit, while others 
exhibited smooth surfaces even though 
they had undergone equal losses in 
metal. It remained to be determined 
whether such conditions would obtain, 
had these plated materials been sub- 
jected simultaneously to chemical at- 
tack and variable stress. 


Corrosion-Fatigue Testing of Wire: 


Fatigue tests were decided upon as the 
best method for determining the relative 


Fic. 4.—Rotating-Wire Arc Fatigue Machine (Author’s Design). 


Note.—Exposure of 15 sec. with machine operating at 6000 r.p.m. 


tions in their chemical attacks. There 
is no way of predicting how, and to 
what extent, aqueous solutions may 
come in contact with bead wire under 
service conditions. It certainly would 
not be under the unstressed condition of 
the intermittent immersion test. The 
question now arises as to what extent 
protective films may develop under the 
“no load” conditions of this test. 
Would such protective films be pre- 
vented, or else destroyed, under the 
variable loading conditions of service? 


behaviors of plated steel wire materials 
in corrosive environments. The rotat- 
ing-wire arc fatigue machine, described 
before the Society® in 1935 was used for 
these tests. Essentially this method 
consists in bending a wire test specimen 
to a curve by means of two inclined 
babbitt metal guides and rotating this 
wire from one end byamotor. The other 
end of the wire is left free to slide longi- 


6 J. N. Kenyon, ‘‘The Rotating-Wire Arc Fatigue 
for Small Diameter Wire,”” Proceedings, 
Soc. Testing Mats., Vol. 35, Part II, p. 156 (1935). 
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100 000 


ve I-Tested in Oi! 


Curve 2-Tested in Oil after 48 hr. 
000 Distilled Weler(pH-6) 1 


Curve Tested in Distilled Water, 
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| 
100000 1000000 10000000 100000000 
Cycles for Failure, log scale 
Fic. 5.—Corrosion-Fatigue Data on 0.037-in. Bronze-Plated Wire. _ 
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Fic. 6.—Corrosion-Fatigue Data on 0.037-in. Wire. 
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Fic. 7.—Corrosion-Fatigue Data. 
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tudinally in its guide and, in so doing, 
the test specimen automatically assumes 
the curvature of the circular arc. Some 
15 in. of wire are thus subjected to equal 
stress reversals with fatigue failure oc- 
curing at the weakest point within this 
length. The rotating arc dips into an 
oil bath which dampens out vibrational 
effects. This dampening method offers 
a further advantage for making corro- 
sion-fatigue tests wherein the oil bath 
is replaced by aqueous solutions, see 
Fig. 4. 


KENYON ON CORROSION-FATIGUE 


Test OF METALLIC PLATINGS 711 

3. Tested in distilled water, (pH = 
6, 7, 8 and 10), where the exposure to 
water did not exceed 30 hr. 

Distilled water was selected: for the 
corroding medium since it was believed 
that the corrosive effect could be some- 
what controlled by the pH value. The 
wire specimens, while stored in water, 
developed a feathery brown precipitate 
which indicated that the steel had under- 
gone chemical attack through pinhole 
openings in the plating. However, these 
stored specimens did not show much 


TABLE II.—-ENDURANCE DATA OBTAINED WITH THE ROTATING-WIRE ARC FATIGUE 


Coating 


Tested in 


| 
pH 
| Value 


Ratio, 
Original Endur- 
Tensile ance 
Strength, | Limit to 
psi. Tensile 
Strength 


Endurance 
| Limit, psi. 


Oil 
(Oil)* 


iv 
| 


Plain Oil 


Distilled water 
Distilled water 


| 6 and 7 
8 and 10 


Sh 


Copper-zinc® 
Copper-zinc® 
Plain 


Oil 
Distilled water 
Distilled water 


Oil 
Distilled water 
NaCl solution 


|copper-sne 


aoe BES 


Oil 

Distilled water 
NaCl solution 

Oil 

Distilled water | 


ns 


NaCl solution | 
* Plated by displacement. 
By electro-deposition. 
© After storage in distilled water for 48 hr. 


Not determined. 


* Zinc by “hot dip” plus copper by 


Discussion of the Corrosion-Fatigue Data: 


Corrosion-fatigue data obtained by 
the arc-method are summarized in Figs. 
5, 6, 7 and in Table II. 

Figure 5 gives comparative fatigue 
values on bronze plated wire resulting 


loss in the endurance properties. It 
may be that protective films developed 
at the pinhole openings in the plating 
and so arrested any serious pitting effect. 
The specimens tested directly in dis- 
tilled water exhibited a most pronounced 


from tests made under the following 
conditions: 
1. Tested in oil (non-corrosive). 
2. Tested in oil after storing for 48 
hr. in distilled water, (pH = 6). 


lowering in the endurance properties— 
a loss in the order of 65 per cent, after 
10,000,000 cycles of stress. It is likely 
that protective films, which tend to 
form at the ates openings in the 
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bronze plating, were prevented, or else 


_ destroyed, under variable stress condi- 


tions of this corrosion-fatigue test. 
As a result the steel wire underwent an 


excessive pitting effect at every pin- 


hole opening in the plating, to the serious 
detriment of the endurance properties. 


_ §$uch corrosion-fatigue data bring out 
_ forcibly the unreliability of corrosion 


or fatigue tests made separately for 
indicating service qualities under even 
mildly corrosive conditions. (Compare 


curves 3 and 4 with 1 and 2.) 


Curves 3 and 4 of Fig. 5 represent the 
data obtained when the specimens were 
tested in a water bath with pH values of 
6, 7, 8, and 10. The specimens tested 
in the medium with a pH value of 6 and 
7 show a more abrupt drop in endurance 
qualities than does the fatigue data 
obtained in the medium with a pH value 
of 8 and 10. It is possible that with 
higher oxygen concentration the oxidiz- 
ing effect on the film tended to repair 
breaks in it.’ 

Figure 6 shows fatigue values obtained 
for uncoated and copper-zinc coated 
wire tested in oil and in distilled water 
(pH = 6). 

The fatigue limits for 10,000,000 
cycles of stress of the two materials were 
practically identical under the non- 
corrosive test conditions of the oil bath. 
In the distilled water bath, copper-zinc 
plated wire was vastly superior to un- 
plated wire; it was also much superior to 
the bronze plated wire (compare Fig. 5). 

Due to the importance of the corro- 
sion-fatigue data revealed in Figs. 5 and 
6, another series of tests was conducted 
in order to bring out further information 
on plating technique and materials, 
Fig. 7. The tests, in oil, distilled water 
(pH = 6) and 3 per cent salt solutions, 
were made on the following materials: 


7E. C. Groesbeck and L. J. Waldron, “Oxygen as a 
Factor in Submerged Corrosion,” Pruceedings, Am. Soc. 
Testing Mats., Vol. 31, Part II, p. 279 (1931). 


(1) copper-zinc plated, (2) bronze plated 
by displacement, and (3) bronze plated 
by electro-deposition. 

When subjected to stress-reversal at 
40,000 psi., the copper-zinc plated wire 
withstood nearly 10,000,000 cycles of 
stress both in distilled water and in 
salt solution, whereas the bronze plated 
wire materials withstood only 3,000,000 
cycles of stress in distilled water and 
500,000 cycles of stress in salt solution, 
Fig. 7. Even more significant was the 
ductile properties of the three plated 
wire materials after the corrosion-fatigue 
tests. The copper-zinc plated wire 
could be bent into a helix around a 
4-in. diameter rod while the two bronze- 
plated wires were easily broken up with 
the fingers. A microscopic examination 
revealed numerous fatigue cracks in the 
bronze-plated materials which were often 
only 0.02 in. apart. The multiplicity 
of these cracks may well account for the 
embrittled condition of these bronze- 
plated wire materials, Figs. 8 and 9. 

The embrittling effect produced by 
aqueous solutions on bronze-plated wire 
subjected to a corrosion-fatigue test may 
be explained by the relative positions of 
metals in the electromotive series. 
Bronze plating (Cu + 0.1 Sn), is more 
noble than steel. In aqueous solution, 
steel must be anodic to bronze because of 
minute imperfections in platings. These 
pinhole imperfections dilate under the 
action of variable stress, and, as a result, 
the steel undergoes an excessive pitting 
attack. Actually the steel, being anodic, 
is more rapidly attacked in spots than 
if the bronze plating were not present. 
This pitting effect, if the assumptions 
are correct, must proceed at a very 
rapid rate since the more highly stressed 
bronze plated wire specimens actually 
became embrittled within 30 min. Sim- 
ilar corrosion-fatigue tests on unplated 
wire did not reveal pronounced embrit- 
tlement. The tested wire could not be 
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broken up with the fingers and, except 
for an occasional break, could be bent 
into a helix around a }-in. diameter rod. 
_ The fact that copper-zinc plated wire 
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As a result the steel was subjected to 
less pitting attack at pinhole openings 
in the platings since it was cathodic to 
the zinc at these points. 


In distilled water. 


In salt solution. 


a a Fic. 8.—Showing Bronze-Plated Bead Wire Embrittled by Corrosion-Fatigue. 
ies) of 1. Copper-zinc plated wire. 


2. Bronze plated by displacement. 


3. Bronze plated by electro-deposition. 


Fic. 9.—Microscopic Appearance of Embrittled Bronze-Plated Wire (X 60). 


withstood these corrosion-fatigue tests 
so well is likewise explainable by refer- 
ence to the electromotive series. Zinc 
is less noble than steel; in an aqueous 
solution the zinc is anodic and tends to 
go into solution and so protects the steel. 


Conclusions: 
1. Asmall wire tations machine, devel- _ 
oped for testing wire in lengths sufficient 
for integrating the effects of various 
surface irregularities, has proved to be 
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most effective for making corrosion- 
rs: tests using aqueous solutions. 

_ 2, Embrittled steel wire, often en- 

- countered in service, is probably due to 

_ the formation of fatigue cracks. Such 

; conditions are only revealed by a labora- 

tory technique that subjects a consider- 

able length of wire to a corrosion-fatigue 


such as copper, may actually 
_ to the embrittlement of steel wire due 
sf to the rapidity of galvanic action at pin- 
be 4 hole points of imperfection in the plating. 
embrittled condition was en- 
_ countered in wire that had been galva- 
nized before plating with copper. 
a 4. It is shown that static corrosioD 
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and static physical tests, often relied 
upon to determine the probable service 
qualities of plated steel wire, are inade- 
quate. Only fatigue tests, wherein there 
is simultaneous corrosive attack, are 
sufficiently discriminatory for determin- 
ing service qualities. 

5. It is believed that the results ob- 
tained on the effects of platings have 
general value in connection with fatigue 
phenomena and the various factors 
affecting fatigue failure. 


The author wishes to acknowledge 
his indebtedness to R. R. Rogers for 
advice on the corrosion tests; and to 
Colin G. Fink who called attention to 
the research possibilities offered by bead 
wire and contributed most generously 
with constant advice to the study. 
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Mr. PETER R. Kostrino! (in letter to 
author).—Before accepting Mr. Ken- 
yon’s explanation of the reason for the 
benefits of the copper-zinc coating on 
wire, as described in page 713 of the 
paper, I would appreciate being informed 
further regarding the following points: 

1. Were the copper and zinc co- 
deposited to form a brass or were they 
deposited separately? 

2. What is the approximate composi- 
tion of the copper-zinc plate? 

3. Were the bronze and the copper- 
zinc plates of equal thickness and of 
equal freedom from porosity prior to 
test? 

Mr. R. E. PETERSON? (by letter).—If 
one considers bead wires located at the 
rim of a tire, it is not immediately ob- 
vious why a fatigue problem should 
exist. Since the main possibility ap- 
pears to be due to variable tension re- 
sulting from variable centrifugal force, 
and since it was the writer’s feeling that 
such stresses would not be large, a rough 
calculation was made. 

The approximate value of the force 
tending to rupture the tire can be ex- 
Wv? 
2 gar 
weights and radii, a value of approxi- 
mately 500 lb. is obtained for 50-mph. 
car speed. Assuming that because of 
large difference of moduli the wires carry 
most of the load, and that there are 18 
wires of 0.037-in. diameter in each bead, 


M “, Chemical Engineer, Watertown Arsenal, Watertown, 


pressed as T = Estimating 


2 Manager, Mechanics Division, Westinghouse Re- 
search Laboratories, Westinghouse Electric and Manu- 
facturing Co., East Pittsburgh, Pa. 


DISCUSSION 


a stress of about 13,000 psi. is obtained. 
Comparing this with the fatigue data ob- 
tained by the author, a pulsating stress 
of 0 to 13,000 psi. would correspond in 
terms of fatigue failure to an alternating 
stress of about +8000 psi.* It is obvious 
that, since the wire has an endurance 
limit of better than +80,000 psi., failure 
will not take place unless a drastic effect, 
such as corrosion fatigue, occurs. Even 
so, if we consider such a drastic effect as 
given by curve 4 of Fig. 6, we see that 
at 8000 psi. the number of cycles re- 
quired would be of the order of several 
million. It is difficult to see how one 
could obtain more than 10,000 cycles of 
equivalent speed variation in the usual 
life of a tire. Examination of Fig. 6 
shows that for a number of cycles of the 
order of 10,000, extremely high stresses 
would be required. It is possible that 
the additional forces such as are men- 
tioned by the author, due to uneven 
roads and rounding curves, are of high 
magnitude. It would seem, however, 
that the occasional failures can be ex- 
plained only by extremely abnormal op- 
erating conditions, or by defective wire, 
or a combination of both. 

Although the paper is valuable quite 
apart from the bead wire application, the 
author has evidently given this some 
thought, and some further remarks along 
this line would be of interest. 


3 The effect of steady stress due to inflation pressure 
would not alter this statement materially. 

4 One might expect a lower curve at the slow f requency 
of service cycles, but an examination of McAdam’s data 
leads one ws conclude that a large difference would not be 
obtained. McAdam, Jr., “‘Stress-Strain- ‘Cycle Re- 
lationship Corrosion-Fatigue of Metals,” Proceed- 
esting Mats., Vol. 26, Part II, p. 248, 
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Fig. 1 (1926). 
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Mr. Joun N. Kenyon® (Author’s 
closure).—In reply to Mr. Kosting’s 
questions, the following may be stated: 

1. The copper and zinc were applied 
separately: the zinc by the “hot dip” 
process, the copper by electrodeposition. 

2. The copper-zinc plating is from 
commercially pure materials. The 
bronze plate is commercially pure copper 
containing a trace of tin (approximately 
0.1 per cent). 

3. The bronze plate is put on by the 
_ displacement process and is relatively 
- thin; the copper-zinc plate is thicker. 

The main purpose of the study was to 
compare the service qualities of two bead 
wire materials as commercially pro- 
duced; both materials are being exten- 
sively used today for automobile tire 
reinforcement. The corrosion-fatigue 
technique, developed in this study, can 


" be equally well used to compare platings 


of equal thickness and freedom from 


porosity. 


Mr. Peterson is correct in the state- 
ment that bead wire failures appear to 
be unlikely when considered from an 


5 Instructor in Engineering, Columbia Uni- 
versity, New York, 
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analysis of the variable forces acting on 
the tire. However, it would seem that 
the following are the controlling con- 
siderations: 

1. Due to mechanical injury or the 
slow oxidation of rubber with prolonged 
service, water often finds its way into 
the beads of a tire and corrodes the wire. 

2. The so-called static tests (tension, 
torsion, cold bends and corrosion) have 
heretofore been relied upon to gage the 
physical properties of bead wire, but 
they do not differentiate the relative en- 
durance qualities of these materials in 
any significant manner. 

3. The corrosion-fatigue test, devel- 
oped in this study for wire, reveals 
marked differences in the relative endur- 
ance qualities of bead wire. It was 
shown that one plated wire material re- 
tained a high degree of ductility, whereas 
another rapidly became embrittled and 
could be broken up with the fingers. 

4. Bead wire which may become em- 
brittled in service—a condition largely 
due to corrosion-fatigue—has lost its 
shock resisting properties and the ability 
to withstand a sudden overload appli- 
cation. 
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FATIGUE TESTS ON ZINC-COATED STEEL 


By D. G. Watt! 


Reversed bending fatigue tests were made on zinc-coated steel wires of _ 
three strengths. In general, the endurance limit increased with the tensile 
strength while the endurance ratio diminished. Wire from the same reels 
tested in the lead-annealed and hot-dip galvanized conditions showed the 
deleterious effect of the coating process on the fatigue properties. No per- 
ceptible difference was observed between the endurance limits of wire from 
corresponding reels hot-galvanized with four and three-and-one-half dip coat- 


ings. 


Reduction by drawing, within the range investigated, increased the 


fatigue resistance of the wires both in the lead-annealed and zinc-coated 


conditions. 


Hot-dip zinc coatings developed, under reversed stressing, closely spaced 
hair cracks perpendicular to and terminating at the surface of the steel. In 
electrodeposited zinc coatings no evidence of such cracks could be found after 


similar treatment. 


The results obtained on defective wires, containing sur- 


face seams or nonmetallic inclusions, demonstrated the utility of the fatigue 


test for detecting faulty material. 


No definite correlation could be observed 


between the data furnished by the ordinary bend and twist tests, as carried 
out at the mill, and the endurance limits of the wires. 


The progressive failure of overhead 
conductor cables due to aeolian vibra- 
tions presents a serious problem to 
engineers responsible for the design and 
maintenance of power-transmission lines. 
A great amount of study has been de- 
voted to the cause and nature of con- 
ductor vibration and to the devising of 
mechanical dampers to suppress it below 
a harmless limit. 

Coincident with the advances which 
have been made in restricting the in- 
tensity of cable vibration to the point 
where indefinitely long or at least ex- 
tended conductor life will result, efforts 
have been made to obtain conductor 
materials with the best fatigue properties 
and to ensure that these properties are 


‘Assistant Testi 


Engineer, The Hydro-Electric 
Power Commission of 


ntario, Toronto, Ont., Canada. 


maintained during manufacture by 
checking from time to time the en- 
durance limit of the wire from which the 
conductor is being fabricated. 


The simple reversed bending fatigue — 


test, while it does not duplicate the 
complex stress conditions to which the 
wires in a vibrating cable are subjected 
in the field, furnishes the most practical 
method of measuring the relative ability 
of materials to withstand vibration 
failure. For application of wire in over- 
head conductors, where aeolian vibra- 
tions may occur, the results of fatigue 
tests on the material have more signifi- 
cance than much of the data obtained 
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requirements of the majority of wire 
specifications. In spite of the fact that 
such data are essential to the designer 
and in many instances are related to 
service life, it is common knowledge 
that the results fail to reveal whether 
the material has the required fatigue 
strength for applications in which vibra- 
tory stressing may occur. 

The work recorded in this paper 
represents a part of the Hydro-Electric 
Power Commission’s researches on the 
fatigue properties of conductor materials, 
namely, that dealing with zinc-coated 
steel wire of the type from which 
transmission line ground wire cables 
are stranded.? 

Briefly, the objects of the investiga- 
tion were as follows: 

1. To compare the endurance limits 
of zinc-coated steel wires of the following 
grades: 


220,000 to 250,000 psi. | 
170,000 to 190,000 psi. 
110,000 to 120,000 psi. 


2. To determine the extent to which 
the hot-dip galvanizing process affects 
the endurance limit of steel wire in the 
lead-annealed condition. 

3. To determine, within a specified 
range, the influence of the thickness of 
zinc coating on the endurance limit. 

4. To determine whether the results 
of the ordinary quality tests, as carried 
out at the mill, namely, tensile strength, 
percentage elongation, bends and twists 
to failure, give any indication of the 
fatigue properties of the wire. 

5. To supplement physical tests by 
microscopic examinations of the wires 
and their coatings to determine, where 
possible, the factors which are deleteri- 
ous to the fatigue properties of the 
material. 

2 Ground wire cables are seven-strand galvanized steel 
cables strung between transmission line towers for protec- 


tion against lightning. 


442 we 


The investigation was carried out on 
wires classified on the basis of tensile 
strength in Table I. The tabulated 
data include the condition in which the 
wire was tested, the chemical composi- 
tion, diameter, and weight of zinc 
coating. The key to the sample num- 
bering system is explained in Fig. 1. 

All coils of 170,000 to 190,000 psi. 
grade wire in group B were drawn from 
the same melt of steel. Samples were 
obtained from four reels of wire diam- 
eters 0.080, 0.101, and 0.117 in. Part 
of each reel was withdrawn from the 
continuous process after lead-bath an- 
nealing. The remainder was subjected 
to the complete coating process, in- 
cluding lead-bath annealing, pickling, 
and hot-dip galvanizing. 

» The 220,000 to 250,000 psi. grade 
wires in group A were drawn from two 
melts of steel, the one of lower carbon 
content being used for the 0.082-in. 
diameter wire. The sample coils were 
obtained from two reels of each diameter. 
As in the case of the wires in group B, 
a portion of each reel was lead-annealed 
and the remainder hot-dip galvanized. 

All of the wires in group D and some 
of the wires in groups E, F, and G were 
zinc coated by electrolytic processes. 


Test Methods: 


Materials: 


The fatigue data presented in this 
paper were obtained from tests carried 
out on two Haigh-Robertson wire fa- 
tigue testing machines, one of which is 
shown in Fig. 2. Since these testing 
machines, or slight modifications, are 
in general use and have been described 
in detail elsewhere, it is only necessary 
to outline briefly the principle of 
operation here.’ 


3 “Fatigue Testing Machine for Wire,” Engineering, 
Vol. 138, August 10, 1934, p. 139. 


er 
sh 
cu 
be 
or 
st 
ck 
cc 
m 
4 
ok. 
ag 
th 
m 
Wi 
: de 
si 
ak 
w 
th 
le; 


ring, 


In Fig. 2 it will be observed that one 
end of the wire specimen under test is 
gripped in the chuck on the motor 
shaft. The other, fitted with a small 
cup-faced sleeve, runs on a ball thrust 
bearing mounted in a movable tailstock 
on the bed of the machine. The head- 
stock, including the driving motor and 
chuck, is free to turn on a vertical axis 
coincident with the chuck jaws. By 
means of a fine screw adjustment, the 


A - Wire specimen. 
B -Tailstock. 

C —Angular scale. 
D—Headstock. 


thrust bearing on the tailstock may be 
moved towards the headstock and the 
wire specimen thus given any desired 
degree of deflection as a strut and 
simultaneously rotated by the motor 
about the neutral axis. 

If the modulus of elasticity of the 
wire is known, the maximum stress in 


the specimen, which occurs at mid- 


length, may be calculated from’ its 
length-diameter ratio and the angle of 
inclination at the free ends. This angle 
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is read directly from the vernier angular 
scale attached to the swinging headstock. 
In the case of the zinc-coated wires the 
length-diameter ratio was based on the 
diameter of the steel. The principle of 
load measurement employed in the 
Haigh-Robertson machine assumes that 
the wire specimen was originally straight. 
If this requirement is not fulfilled and 
the wire contains any small kinks, twists 
of long radius bends, secondary vibra- 


Fic. 2.—Haigh-Robertson Fatigue Testing Machine. 


E-Vertical headstock bearing. 
F —Speed control. 
G—Specimen length gage. 


tions will be set up in the rotating speci- 
men and it will not conform to the 
smooth curve on which the stress cal- 
culations are based. 

The wire samples, as received, con- 
tained the natural curvature of the coil 
produced by winding on the take-ups in 
the galvanizing plant. Straightening of 
the specimens was first carried out by 
pulling each in a testing machine to the 
so-called yield point determined by the 
drop of the beam. This method, which 
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was originally suggested by the makers 


_ of the Haigh-Robertson machine, proved 


a fairly satisfactory for 170,000 to 190,000 


psi. grade wire, although at times sup- 
plementary hand straightening was re- 
quired. In the case of the harder wires 


it was found that straight specimens 


Fie. 3. 


could be obtained more conveniently by 


The testing speed used was of the 
order of 6000 to 7000 rpm. In some 
of the tests higher and lower speeds were 
employed to eliminate specimen vi- 
bration. 

Modulus of elasticity determinations 
were carried out on at least two wire 
specimens from each coil, strain meas- 
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Fic. 4.—S-N Curves on 220,000 to 250,000 psi. Grade Lead-Annealed and Hot-Dip Galvanized 
Wire. 


passing the wire through a small hand- 
operated straightening machine. Ac- 
cordingly, after all of the tests had been 
completed on groups A, B, and D, the 
remaining tests were carried out on 
machine-straightened specimens. 


4C. P. Wampler and N. J. Alleman, “‘Fatigue Tests of 
Wire,”” ASTM Buttetin, No. 101, December, 1939, p. 13. 


urements being recorded over a 10-in. 
gage length with an Anderson extensom- 
eter.5 The samples for modulus of 
elasticity tests were straightened by the 
same methods as those employed for 
straightening the fatigue specimens. 


5 H. A. Anderson, “Tension Tests of Thin Gage Metals 
and Light Alloys,’’ Proceedings, Am. Soc. Testing Mats., 


Vol. 24, Part Ii, p. 997 (1924). 
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Bend and twist tests were performed 
in the hand-operated machines, sup- 
plied by the W. & T. Avery Co. 


Test Data: 


A summary of the test data obtained 
on each sample coil of wire is presented 
in Table I. The information includes 
values for tensile strength, percentage 
elongation, twists and bends to failure, 
modulus of elasticity, endurance limit, 
and endurance ratio, that is, the ratio of 
endurance limit to tensile strength. 


stress range, where the S-N curve is 
approaching the horizontal, a given 
degree of nonuniformity in the fatigue 
resistance of the specimens, such as that 
due to minute differences in surface con- 
dition, results in a greater variation in 
cycles to failure than at the higher 
stresses where the slope of the curve is 
steeper. 

To facilitate ready comparison, the 
endurance limits of the wires are plotted 
in Fig. 5. Horizontal lines have been 
inserted to represent the average of the 
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Typical S-N curves on wires of dif- 
ferent diameters from groups B and A, 
in the lead-annealed and hot-dip gal- 
vanized conditions, are shown in Figs. 
3 and 4. It will be observed that on 
some of the curves there was a range of 
stress, varying from 1000 to 3000 psi. 
above the endurance limit, in which a 
number of the specimens broke at less 
than 10,000,000 cycles, while others, 
tested at the same stress, continued to 
tun unbroken over the 10,000,000 cycle 
mark. It is thought that in this critical 


= 


test values obtained on sample coils of 
wire having the same diameter, similarly 
processed and made from the same melt 
of steel. 

A comparison of the results obtained 
on the lead-annealed and hot-dip gal- 
vanized wires in groups A and B reveals 
the deleterious effect of the hot-dip 
galvanizing process on the endurance 
limits of the uncoated steel wires. Gal- 
vanizing depressed the endurance limits 
of the lead-annealed wires 11,000 to 
20,000 psi., the adverse effect of the 
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coating being somewhat less for the 
wires in group A than for those in 
group B. 

In Fig. 6, the endurance limits of all 
of the hot-dip galvanized wires are 
plotted against their respective tensile 
strengths. Although there is a con- 
siderable scatter in the points due to 
differences in chemical composition, re- 
duction by drawing and processing 
treatments, the results indicate that the 
220,000 to 250,000 psi. grade wires have 
somewhat higher endurance limits than 
the 170,000 to 190,000 psi. grade. The 
endurance limit of the one coil of 110,000 
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the electro-galvanized wires in Table I 
reveals a similar relationship between 
the endurance ratio and the tensile 
strength for wire in these conditions. 
The effect of drawing on the endurance 
limit of the zinc-coated wires is illus- 
trated by Fig. 7, in which the endurance 
limits of the wires, from each sample 
group, are plotted against the wire 
diameter. It will be observed that in 
every case some improvement was ef- 
fected in the endurance limit as the 
reduction by drawing was increased. 
The break in the curve for the samples 
from group A is due to the use of a lower 
carbon steel for the 0.082-in. diameter 
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‘Fag. 7.—Endurance Limits of Zinc-Coated 


Fic. 6.—Plot of Endurance Limit and En- 
durance Ratio of Hot-Dip Galvanized Wires 
Against Tensile Strength. 


to 120,000 psi. grade was lower than 
those of the two harder grades. The 
improvement in the fatigue properties 
of the wires as the tensile strength in- 
creased was accompanied by a loss in 
ductility as revealed by a smaller per- 
centage elongation at failure in the 
tension test. 

The plot of the endurance ratios of all 
of the hot-dip galvanized wires against 
their respective tensile strengths, in 
Fig. 6, shows that this ratio becomes 
smaller as the tensile strength of the 
wire is increased. Reference to the 
data obtained on the lead-annealed and 


Wires from Each Group Plotted Against Wire 
Diameter. 


wire than for the two larger sizes. A 
similar effect may be noted between the 
endurance limits of the lead-annealed 
wires of various diameters. 

It will be observed from the data in 
Table I that wires coated by electrolytic 
processes had endurance ratios slightly 
exceeding those obtained on the hot- 
dip galvanized wires of similar grade. 
Although variations in chemical com- 
position, drawing, and heat treatment of 
the base wires may preclude a direct 
comparison of the relative effect of the 
two coatings, the results point to the 
superiority of the electrodeposited coat- 
ings over those applied by the hot-dip 
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method, in so far as the fatigue resist- 
ance of the finished wires is concerned. 

A number of tests were made to deter- 
mine the effect of coating thickness on 
the endurance limit of hot-dip galvanized 
wire. Two coating thicknesses were 
employed, namely, those required to 
withstand four and three-and-one-half 
dips, respectively, in the Preece test. 
The samples were obtained by applying 
the coatings to wire from corresponding 
reels. The results of the tests, presented 
in Table II, indicate that within the 
range investigated coating thickness had 
no perceptible effect on the endurance 
limit of the wire. 


and that of the same wire chemically 
stripped of its coating or machined and 
polished to a smooth steel surface.*: * 
The injurious influence of the hot- 
galvanizing process on the fatigue prop- 
erties of steel wire has been attributed 
both to surface notching caused by the 
etching action of the pickling solution 
and hot zinc on the wire surface and to 
the presence of the hard brittle zinc-iron 
alloy layers adjacent to the steel. 
Chemical stripping of the coated wire 
may remove the alloy layers, but it does 
not restore the surface of the steel to 
the condition prior to galvanizing. Sim- 
ilarly, when the coated wires are ma- 


TABLE II.—EFFECT OF COATING THICKNESS ON ENDURANCE LIMIT. 


Weight of Zinc 
Coil Number i 


Endurance Limit, psi. 


Endurance Ratio, per cent 


oating, 


oz. per sq. ft. 4 Dip Coating 


3% Dip Coat- 
ing 


3% Dip Coat- 
ing 


4 Dip Coating 


B-5G1-083-238 
B-5G1-083-239 


B-5G2 083-243 
B-5G2-083-244 
B-5G3-083 -248 
B-5G3-083-249 


B-5G4-083-253 
B-5G4-083-254 


22 22 
3S 88 


3s 


The average number of twists and 
bends to failure, along with the per- 
centage average variation in the results 
obtained on the specimens from each 
coil, are shown in Table I. Plots of 
twists and bends to failure against the 
endurance limits of the wires revealed 
no definite correlation between these 


values. 


Several investigators have drawn at- 
tention to the detrimental effect of the 
hot-dip galvanizing process on the en- 
durance limit of steel wire. In many of 
these researches, however, the com- 
parison has been made between the 
endurance limit of the galvanized wire 


Discussion of Test Results: 


chined to the steel and polished, the 
surface condition is entirely changed 
and the endurance limit will probably 
exceed that of the wire before subjection 
to the coating process. A truer measure 
of the effect of the hot-galvanizing proc- 
ess on the fatigue properties of wire than 
is given by either of the above methods 
is to test the material before and after 
galvanizing as was done in this in- 
vestigation. 

The micrographs in Fig. 8 illustrating 
the surface condition of the steel in the 
zinc-coated wires, reveal the irregu- 
larities or notches that have always — 


6S. M. Shelton and W. H. Swanger, ‘‘Fatigue Proper- 
Research Paper 754, Nat. Bureau 
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been associated with the relatively low 
endurance limits of these materials. 
To investigate the influence of cyclic 
reversed stressing on the zinc coatings, 
microscopic examinations were made of 
longitudinal sections before and after 
subjection to 10,000,000 cycles of re- 
versed stress at the endurance limit. 
The micrographs in Fig. 9 show that the 
hot-dip coatings during this treatment 
developed closely spaced hair cracks 


Fic. 8.—Contour of Parting Line Between 


Coating and Steel. 
A-7G1-125-283 
0) B-5G2-125-210 te 

(c) C-7E -104-201 


Unetched (X 50). 
(d) D-SE-104-260 

E-6E 104-223 

F-2E-104-264 


perpendicular to and terminating at the 
steel surface. Similar cracks could not 
be found in the electrodeposited coat- 
ings on specimens subjected to the same 
treatment. The absence of hair cracks 
in the electrogalvanized coatings after 
reversed stressing and the consequent 
elimination of a source of stress con- 
centration which was active in the hot- 
dip coatings, may help to explain the 
higher endurance ratios obtained on the 
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wires coated by the former process, 
Closely spaced hair cracks, of the type 
referred to above, could not be detected 
in the coating on specimens straightened 
in a tension testing machine, an ob- 


servation which precluded the possi- 


Fic. 9.—Hair Cracks Developed in Hot- 
Dip oe After Fatigue Stressing. Etched 
X 100). 


(a) As-received. 

(b) Tensile straightened. 

(c) After fatigue stressing B-5G2-125-210 hot-dip 
galvan'zed. 

(d) After fatigue stressing D-SE -104-259 electro- 
galvanized. 


bility that these cracks were produced 
in the straightening process. 

Macroscopic examination of the sur- 
face of the hot-dip coated fatigue 
specimens, after test, revealed the pres- 
ence of circumferential corrugations or 
stress lines near the mid-span where the 
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highest reversed bending stresses pre- 
vailed. Near the free ends of the speci- 


mens, where the stresses were relatively ' 


low, the appearance of the coated sur- 
face remained unchanged after test. 

Hot-dip galvanizing depressed the 
endurance limits of the 170,000 to 
190,000 psi. grade lead-annealed wires 
by 21 to 28.4 per cent. The cor- 
responding reduction for the 220,000 
to 250,000 psi. grade wire varied from 
15.4 to 20.5 per cent. It might have 
been expected from the relative duc- 
tilities of the two materials that the 
endurance limits of the harder wires 
would have suffered the greater reduc- 
tion in the galvanizing process. For 
the present the difference in the relative 
effect of the hot-dip coatings on the 
endurance limits of the two grades of 
wire remains unexplained. 

From results obtained by other in- 
vestigators in fatigue tests on steel wire, 
it may be shown that an increase in the 
tensile strength or carbon content of 
the material is generally accompanied 
by a decrease in the endurance ratio.’: ® 
The data presented here demonstrated 
that a similar relationship exists between 
the endurance limits of zinc-coated steel 
wires of various strengths, regardless of 
the method by which the coating is 
applied. The effect of the tensile 
strength or the carbon content of the 
wire on the endurance ratio has been 
partially attributed, by some authorities, 
to surface decarburization.® ‘Traces of 
this condition were found in some of the 
sample groups but it was not common to 
all of the wires tested. 

The utility of the fatigue test for de- 


7 A.V. de Forest and L. W. Hopkins, Testing of 
Rope Wire and Wire Rope,”’ Proceedings, Am. Soc. Testing 

ts., Vol. 32, Part LI, p. 398 (1932). 

§ Discussion by H. J. Godfrey of paper by C. P. Wamp- 
ler and N. J. Alleman, “Fatigue Tests of Wire,” AST 
Buttetin, No. 101, December, 1939, p. 18. 

*E. T. Gill and R. Goodacre, ‘‘Some Aspects of the 
Fatigue Properties of Patented Steel Wires,” Journal, 
Tron and Steel Inst., Vol. II, p. 293 (1934). 
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tecting surface flaws on wire is illus- 


trated by the results obtained on the 


lead-annealed coil No. B-5A1—125-204. 
The test values, plotted in Fig. 10, fall 
into two groups. Through one of these 
an S-N curve was drawn which agreed 
closely with those obtained on three 
coils of wire of a corresponding grade 
and diameter and drawn from the same 
melt of steel. The second group roughly 
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Fic. 10.—Effect of Surface Flaw on Fatigue 
Test Results. 


defined a curve located considerably 
below the aforementioned one, all of 
the points on which indicated failure at 
less than 2,600,000 cycles of reversed 
stress. Subsequent examination of the 
specimens révealed that all of those 
which gave low and erratic values in the 
test contained one or more longitudinal 
surface seams similar to that illustrated 
in Fig. 10. The specimens which de- 
fined the normal fatigue curve showed 
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no evidence of this condition. Visual 
examination of the coil from which the 
above specimens were obtained revealed 
that surface seams occurred intermit- 
tently along a considerable portion of 
its length. 

A few of the fatigue specimens broke 
with a split type of fracture. Micro- 
scopic study of these fractures invari- 
ably revealed the presence of elongated 
nonmetallic inclusions located near the 
shoulder of the break. A micrograph 
illustrating the condition in the vicinity 
of such a fracture is shown in Fig. 11. 


Etched. 
Fic. 11.—Nonmetallic Inclusion Located at 
Split Fatigue Fracture and a Second Fatigue 
Crack in the Process of Development (X 50). 


In this particular specimen a fatigue 
crack, in the process of development, 
was detected about } in. from the point 
where failure occurred. 

Although the twist and bend test 
results could not be directly correlated 
with the endurance limits of the wires, 
the tests proved useful in that they 
furnished a convenient method of assess- 
ing the uniformity of material and 
detecting brittleness therein. The twist 
test results appeared to be strongly in- 
fluenced by the surface condition and 
ductility of the outer fibers of the wire. 
Hot-galvanizing, in general, depressed 
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the twists and bends to failure obtained 
on the lead-annealed wire, the effect 
being more marked in the wires in group 
B than in the harder wires in group A. 

Special attention was directed to the 
type of fractures obtained in the twist 
and bend tests. Poor fractures of a 
split type generally occurred in speci- 
mens containing nonmetallic inclusions. 


SUMMARY 


The more significant points deduced 
from the test data presented in this 
paper include the following: 

1. Within the limits of tensile strength 
investigated, namely, 110,000 to 256,000 
psi., the endurance limits of the zinc- 
coated wires increased with the tensile 
strength while the endurance ratio 
diminished. 

2. Hot-dip galvanizing depressed the 
endurance limit of the lead-annealed 
wire 15.4 to 28.4 per cent, depending to 
some extent on the grade. 

3. No perceptible difference was ob- 
served between the endurance limits of 
the wire hot-galvanized with four and 
three-and-one-half dip coatings. 

4. Reduction by drawing, within the 
range of wire sizes investigated, in- 
creased the endurance limits of the 
wires in both the lead-annealed and zinc- 
coated conditions. 

5. Steel wires coated by electrolytic 
processes showed, in all three grades, 
somewhat higher endurance ratios than 
were obtained on wires coated by hot- 
dip methods. 

6. Hot-dip coatings developed, under 
reversed stressing, closely spaced hair 
cracks perpendicular to and terminating 
at the surface of the steel. In the 
electrodeposited coatings no evidence 
of such cracks could be found after 
similar treatment. 
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7. Lack of uniformity in the test 
results and the abnormal fractures ob- 
tained on defective wires, containing 
surface seams or nonmetallic inclusions, 
demonstrated the utility of the fatigue 
test for detecting faulty materials. 

8. Although no definite correlation 
could be observed between the bend and 
twist test results and the endurance 
limits of the wire, these tests proved 


7 
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useful in assessing the uniformity of the 
wire and detecting brittleness therein. 
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Mr. H. J. Goprrey' (presented in 
written form).—The paper by Mr. Watt 
on the fatigue properties of zinc-coated 
steel wire is one of the first in which a 


DISCUSSION 


The results have shown that in cases 
where decarburization was present the 
effect of the zinc coating on the fatigue 
properties was entirely eliminated. 


—Fatigue Testing Machine. 


true comparison has been made between 
the fatigue properties of plain and coated 
wire. 

There are many factors affecting the 
fatigue properties of wire and it has been 
our experience to find decarburization as 
one of the most important factors. Al- 
though most of our tests have been made 
on plain wire in the as-drawn condition, 
we have recently made a few tests on 
wire with various types of zinc coatings. 


1 Engineer of Tests, Fritz Engineering Laboratory, 
Department of Civil Engineering, Lehigh University, 
Bethlehem, Pa. 


For the purpose of carrying on these 
fatigue tests on wire we have developed 
a wire fatigue testing machine similar 
to that ‘described by Mr. Watt. This 
machine is shown in the accompanying 
Fig. 1. The machine consists of a base 
on which a swinging frame is placed at 
one end and a tailstock at the other end. 
A motor is attached to the swinging 
frame and the wire specimen is held by 
a chuck fitted to the shaft of the motor 
and a thrust bearing in the tailstock. 
The wire is flexed to any desired amount 
by turning the thus applying 
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an end thrust to the specimen. In this 
manner the wire is stressed as a strut, 
the ends of which are not fixed. Simul- 
taneously the motor rotates the wire on 
its own axis causing a complete reversal 
of the bending stress for each revolution. 

The wire is bent in a vertical plane 
and the angle of inclination is measured 
by a scale reading to 0.05 deg. When 
the specimen fractures, the swinging 
frame is thrown out of balance and a 
mercury switch automatically stops the 
motor. Specimens as large as } in. in 
diameter have been tested satisfactorily. 

Mr. W. H. SwANGER.?—I was pleased 
to see that Mr. Watt’s results agreed 
quite well with published results of 
fatigue tests on coated wire, in which the 
effect of the coating itself was evaluated 
by making tests of coated wire and then 
removing the coating from other por- 
tions of the wire and making tests on the 
stripped material. In this procedure 
there was always a question as to how 
much of the difference in fatigue limits 
for the two kinds of wire was caused by 
the changes in the surface of the steel 
resulting from putting on the coating 
and then taking it off. Mr. Watt has 
been able to take wire up to the point 
where it was ready for coating, get his 
samples for fatigue tests and then get 
samples of the same wire, after coating, 
for similar tests. It is interesting that 
Mr. Watt’s results for the damaging 
effect of a hot-dip coating on a high- 
strength steel wire are in close agree- 
ment with previously published results 
obtained with stripped wire. 

Mr. D. G. Watt’ (Author’s closure).— 
Mr. Godfrey’s tests have shown that 
application of zinc coatings to decarbur- 
ized wire does not depress the endurance 
limit of the uncoated wire. Where 
definite decarburization is present the 


? Metallurgist, National Bureau of Standards, Wash- 
ington, 

‘Assistant Testing Engineer, The Hydro-Electric 
Power Commission of Ontario, Toronto, Ont., Canada. 
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endurance limit of the wire in either the 
coated or uncoated condition will be 
very low, the fatigue properties in 
reversed bending being mainly those of 
the soft ferrite surface. 

Metallographic study of the materials 
used in our investigation showed some 
evidence of decarburization in the 0.60 
to 0.75 per cent carbon wires in group A 
but little, if any, in the 0.50 per cent 
carbon wires in group B. In the light 
of Mr. Godfrey’s tests it would be inter- 
esting to know whether the difference in 
the endurance limits of the uncoated 
and coated wire becomes smaller as the 
degree of decarburization becomes more 
pronounced. If this were so it might 
offer an explanation for the fact that 
hot galvanizing depressed the fatigue 
limits of the uncoated wires in group B 
21 to 28 per cent, while the correspond- 
ing reduction for the wires in group A 
was only 15.4 to 20.5 per cent. 

The fatigue testing machine used in 
Mr. Godfrey’s experiments is similar to 
the Haigh-Robertson type with the 
exception that the swinging headstock 
is pivoted horizontally instead of verti- 
cally, a feature which simplifies con- 
siderably the mechanical construction 
of the machine. In Mr. Godfrey’s 
machine the wire is flexed in the vertical 
rather than the horizontal plane and 
accordingly the dead weight of the 
specimen will introduce a small error in 


the stress as calculated by the Euler _ 


column formula from the angle of 
inclination at the free ends of the speci- 
men. This error is so small, however, 
that it may well be neglected. 

I am glad that Mr. Swanger has em- — 
phasized the distinction between our 
method of comparing the endurance 
limits of the wire before and after the 
galvanizing process, and results pub- 
lished elsewhere in which the comparison 
was made between the endurance — 


‘of galvanized wire and that of the same 
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wire chemically stripped of its coating. 
Both methods of comparison show the 
detrimental effect of the hot-dip coating 
on the fatigue properties of the wire. 
However, as shown below, the spread 
between the endurance limits of steel 
wire, 0.122 in. in diameter, before and 


ser 
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after galvanizing is slightly greater than 
that between the endurance limits of the 
chemically stripped and galvanized wire. 


Endurance 
Ai Limit, psi. 
Before galvanizing....... 
Galvanized 

Chemically stripped of coating. 60 200 


on 


; 
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FATIGUE STRENGTH OF 2-IN. DIAMETER AXLES WITH SURFACES 
METAL COATED AND FLAME HARDENED 


SYNOPSIS 


Fatigue investigation was made of axles tested as rotating cantilever 


beams 2 in. in diameter. 


Axles with and without stress concentration 


were sprayed with a metal coating. Also axles with stress concentration 
were locally flame hardened Fatigue tests were made on these specimens 
and comparison made with similar axles without surface treatment. 

The base axle materials were S.A.E. 1035 and 1045 steels and the sprayed 
metal was 0.40 and 1.20 per cent carbon wire stock. The nature of the stress 


concentration was a press-fitted wheel. 


Test results with plain specimens 


indicated little difference in endurance limit of coated axles over that for 


uncoated axles. 


Press-fitted wheel and axle assemblies showed a great 


increase in endurance limit of the coated and flame-hardened axles over the 


untreated axles. 


<> 


A project on axle research was ini- 
tiated about 5 yr. ago and various 
progress reports have been periodically 
published. The laboratory tests re- 
ported here represent one phase of this 
general program and presents a study 
of the fatigue strength of axles. 

Various investigators*:*:* have re- 
ported how the presence of press-fitted 
gears, wheels, bearings and similar mem- 
bers develops locally high stresses in the 
axle near the edge of the fitted member 
to produce axle fatigue failure at this 


1In Charge of Railway Engineering and Research, 
and Vice-President, respectively, The Timken Roller 
Bearing Co., Canton, Ohio. 

2 A. Thum and F. Wunderlich, “Einfluss von Einspann- 
und Kraftangriffstellen auf die Dauerhaltbarkeit der 
Konstruktionen,” Zeiischrift des Verenies deutscher 
Ingenieure, Vol. 77, No. 31, August 5, 1933, p. 851. 

'R. E. Peterson and A. M. Wahl, ‘‘Fatigue of Shafts 
at Fitted Members with a Related Photoelastic Analysis,” 

ransactions, Am. Soc. Mechanical Engrs., Vol. 57, 
p. A-1 (1935). 

‘T. V. Buckwalter and O. J. Horger, “Investigation 
of F atigue Strength of Axles, Press-Fits, Surface, Rolling 
and Effect of Size,” Transactions, Am. Soc. Mechanical 
Engrs., Vol. 25, p. 229 (1937). 
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location. This clamping action super- 
imposed on the usual bending stresses 
in the axle results in an extremely low 
endurance limit which is only 20 to 50 
per cent of that for the same axle steel 
without the press fit. This paper sub- 
mits the results of laboratory tests indi- 
cating the improvement in axle fatigue 
strength which was obtained by certain 
methods of surface treatment of the axle 
in the region of the press-fitted member. 
The two methods of surface treatment 
discussed here are metal spraying and 
flame hardening. 


MATERIAL 


All axles tested with press-fitted 
wheels were S.A.E. 1045 steel, normal- 
ized and tempered. Some plain speci- 
mens were also tested which were essen- 
tially S.A.E. 1035 steel, annealed. 
Table I gives the chemical analysis and 
physicial properties determined by test. 
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Fic. 1.—S-N Data on Press-Fitted Axles Without Surface Treatment of Wheel Seat. 
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The chemical analysis for the sprayed 
layer indicated in Table I was obtained 
from a sample of the actual deposit of 
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with A.A.R. Specification M-107-365 or 
A.S.T.M. Specifications A 57 - 39° for 
multiple-wear wrought steel wheels. 
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TABLE I.—CHEMICAL ANALYSIS AND PHYSICAL PROPERTIES. 


Axles (S.A E. 1045) 
with Press-Fitted Wheels 


Plain Specimens S.A.E. 1035 


Axle 


Coating After 


Coating After 


Axle Spraying 


Sprayin 


Carbon, per cent 
Manganese, per cent 
Silicon, per cent 
Phosphorus, per cent 
Sulfur, per cent 


0.45 to 0.49 
0.67 to 0.77 
0.20 to 0.26 
0.013 to 0.017 
0.031 to 0.037 


Tensile strength, psi 

Yield strength, psi.*............. 

Elongation in 2 in., per cent..... 

Reduction of area, per cent 

Brinell hardness 

Endurance limit 2 in. plain speci- 
men rotating cantilever beam. . 


48.5 
163 to 197 
34 400 


0.29 to 0.35 
0.43 to 0.58 
0.12 to 0.24 
0.013 to 0.016 
0.031 to 0.032 


Heat treatment (before metalliz- 
ing or flame hardening) 


Normalized 1620 F. 
Tempered 1115 F. 


* Determined by ‘‘drop of the beam” method. 


Furnished by Metallizing Engineering Co. where hardness of sprayed layer was Rockwell C 30 to 32 or Brinell 


(1000-kg. load) 260. 


° Furnished by T. S. Fuller, General Electric Co. for standard tension specimen 0.505 in. in diameter made of sprayed 
metal as well as ultimate compressive strength values using cylinders 1 in. high by 14 in. in diameter which gave 87,500 


and 91,000 psi. 


material on the axle. Typical photo- 
micrographs of these materials are shown 
in Figs. 7 and 8. 

The chemical analysis of the wheels 
used as press-fitted members on the 
S.A.E. 1045 axles were in accordance 


The Brinell hardness of the wheels used 
measured 250 with 110,000 psi. ul- 


5 Manual of Standard and Recommended Practice, 
— Am. Railroads, Mechanical Division, Chicago 
1936). 

6 Standard Specifications for Multiple-Wear Wrought 
Ts. (A 57 - 39), 1939 Book of A.S.T.M. Standards, 
art I, p. 201. ye 
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timate strength and 60,000 psi. yield 
strength as obtained by “drop of the 
beam.” Wheels were generally fitted to 
the axle 0.003 to 0.004 in. tight except 
where noted. 

All specimens tested had a nominal 
diameter of 2 in. The design of axles 
tested is shown in Figs. 1, 2 and 3. 

Location of the flame-hardened region 
of the axle under the wheel fit is indi- 
cated in Fig. 2. The setup for flame 
hardening’ consisted of a W-23 blow- 
pipe and a flame head for heating the 


e Flame Hardened 
o Not Flarne Hardened 
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Fic. 4.—Hardness Exploration of Transverse 
Axle Section. 
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specimens. The flame head contained 
three rows of seven No. 56 drill-size 
tips perrow. The flame-hardening head 
was mounted symmetrically with the 
longitudinal axis of the shaft and ad- 
justed so that the flames just cleared 
the shaft during the heating cycle. An 
allowance of } in. between the last flame 
and the extreme end of the shaft was 
made to prevent an increased depth of 
hardened material at this point. 


7 Flame hardening done by Linde Air Products Co. 


Quenching of the material was ob- 
tained by using pressure water spray 
quenches mounted over and under the 
specimen and controlled by a quick- 
acting gate valve. The axles were 
treated as follows: 

1. Heat for 35 sec. while spinning in 
a lathe at 150 r.p.m. 

2. Quench specimen simultaneously 
with gas shut off. 

3. Draw immediately in oil for 2 hr. 
at 400 F. 

The flame-hardened region was ground 
to obtain the proper wheel fit. Hard- 
ness exploration on transverse axle sec- 
tions is shown in Fig. 4. Photomicro- 
graphs taken near the surface and in 
the core are given in Fig. 8 (a) and (0). 

Location of the sprayed metal layer 
in the region of the wheel fit is shown in 
Fig. 2. A screw type of thread 0.025 
in. deep was turned on this portion of the 
axle before spraying with Sprasteel 
120.8 Thickness of the sprayed layer 
was 3 in. over the tops of the threads 
and this surface was ground before 
fitting the wheel so as to leave ¢_ in. 
thick iayer as tested. 

Design of the plain specimens of 
S.A.E. 1035 steel with and without the 
metal sprayed layer is shown in Fig. 
3.29 The metallized specimens were 
turned to 12 in. in diameter as shown, 
sand blasted, sprayed with 0.40 per cent 
carbon wire stock and then machined 
and polished. The final diameter was 
2 in. which left % in. thick layer of 
sprayed metal on the specimens as 
tested. 


Test CONDITIONS 


All axles were tested as rotating canti- 
lever beams in machines previously de- 


8 These tests were made some time ago and the type 
of threaded surface used here is not recommended by 
Metallizing Engineering Co. Instead of semicircular 
groove or thread with the tops roughened and ridged 
over is proposed. This change of thread shape is to reduce 
stress concentration at the bottom of the thread. 

* This group of specimens furnished ready for test by 
T. S. Fuller of General Electric Co. 
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Fic. 5.—Typical Fatigue Failure of Press-Fitted Axle Assembly 


Fic. 6.—Fatigue Fracture of Mectal-Coated Specimen No. F-3. 
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HORGER AND BUCKWALTER 


scribed.’ Speed of these machines 


varied from 1400 to 2100 r.p.m. Endur- 


: ' ance limit values are based on 84 million 


TABLE II.—FATIGUE DATA ON PRESS-FIT 
AXLE TESTS. 


Wheel 
Fit | Axle | 
on Bend- & u- | 
Axle | Di- |_ ing | 
am- | Stress, | Mil- 
PS!- lions? 


Remarks 


METAL COATED IN WHEEL Fit 


No. 231.....'0.0056' 25000! 1.9 
No. 232..... 0.0073 22000| 2.3 
No. 228.....|0.0053 22 000 168.6 
No. 230... 0.0087 21 000 | 84.3 
No. 229... .|0.0060 20000 84.9 
No 19000 115.1 
22000 66. 

No. 181%? ..'0.0030 19000 115.1 
| | 22000 | 7.3 


2' Broke in wheel fit 
0 Broke in wheel fit 
Not cracked 
Not cracked 
Not cracked 
Not cracked 
Broke in wheel fit 
Not cracked 
3 Broke in wheel fit 


AX Les FLAME HARDENED IN WHEEL FIT 


0.0063" 


stress reversals for press-fitted axles 
and about 50 million for plain speci- 
mens. 

Stresses mentioned in this paper are 
nominal bending stresses in the axle 
based on the usual beam formula where 
stress equals the bending moment di- 
vided by the section modulus. For the 
case of the axles with the press-fitted 

10Q. J. Horger and H. R. Neifert, ‘‘Fatigue Strengt 


of Machined Forgings 6 to7in.in Diameter,”’ Proceedings 
Am. Soc. Testing Mats., Vol. 39, p. 723 (1939). 


TABLE III.—FATIGUE DATA ON PLAIN SPECIMEN 
TESTS. 


| Bending Revolu- 
Stress, , tions in 
psi.? (Millions 


Axle Remarks 


SPECIMENS NOT METALLIZED 


a 45000| 8.64 Cracked in wheel fit 33 300 | 0.378 | Broke up fillet 2 deg 
No. 22¢..... 0.0056 45 000 | 68.1 | Cracked in wheel fit 31.000 | 0.496 | Broke base fillet 
No. 2 5°.... 0.0051 40000| 0.38 Cracked in wheel fit 31000 | 66 428 | Did not break 
No. 2-1%.... 0.0061 40000! 84.3 | Cracked in wheel fit 28 700 | 46 320 | Did not break 
No. 2 2A®...'0.0046 35000 84.3 | Cracked in wheel fit 25 000 | 28.539 | Did not break 
No. 3.6A. ..|0.0052 30000' 84.3 | Cracked in wheel fit 32 800 | 0.630 | Broke up fillet 1 deg 
No. 15/..... 0.0050 28000 191.0 | Cracked in wheel fit — 
No. 3 8A...|0.003 25000 85.1 | Not cracked SPECIMENS METALLIZED 
0.0054 25000 172.3 | Not cracked - 
No. 2-4A 0.0055 19000 , 84.3 | Not cracked 2 Rare .| 35 400 | 1.686 Broke base fillet 
— _, Oy | 31 300 0.657 Broke at end coated 
@ Surface of this axle sand blasted instead of having | Layer 
threaded surface previous to metallizing. Ce 30000 | 0.279 | Broke up fillet 3 deg 
Stainless steel sprayed on this axle instead of Spra- 30 min. 
eel. Se | 22000 | 58.212 | Did not break 
© Axle broke off in body outside of wheel fit. a ee erree | 19000 | 30.060 | Did not break 
@‘Axle rolled in body. 30.000 | 891450 | Did not break 


¢ Maximum crack depth, 0.015 in. 
/ Maximum crack depth, 0.022 in. 


9 Equivalent revolutions on 72- 


obtained by dividing 281. 


in. diameter wheel 


* When failure occurs in fillet the stress is given on 
basis of actual diameter at base of fillet. 


Where failure 


does not occur stress is given at center of taper section. 


TABLE IV.—_SUMMARY OF ENDURANCE LIMIT VALUES. 


Press-Fittep Axtes (Fics. 1 AND 2) or S.A.E. 1045 STEEL 


a Endurance Limit in Wheel Seat to Prevent 
Initiation of Fatigue Cracks Breaking off of Axle 
. Stress concen- . Stress concen- 
percent tration | percent tration factor’ 
Normalized and tempered..... 8 0007 100 4.30 13000 | 100 | 2.65 
nd 21 000 262 1.64 21 000 162 | 1.64 
ame hardened......... 25 000 313 1.38 >45 000 >321 ; 


PLaIn SPECIMENS (Fic. 3) oF S.A.E. 1035 STEEL 


Surface Treatment 


Endurance Limit of Plain Section 


psi. 


per cent 
~™ 28 000 93 


® This value was previously published by in error as being 6000 psi 


This value obtained by dividing the endurance limit of 34,400 psi. (Table I) for a plain specimen by that given for 
the press-fitted axle. 
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wheels the axle bending stress is given 
at the hub face and for the plain speci- 
mens in the tapered section at the plane 


of failure. — 


TEst RESULTS 
Results of these various fatigue tests 
are given in Tables II and III and the 
values plotted in the S-N curves of Figs. 
1,2 and 3. Typical fractures are shown 
in Figs. 5 and 6. The endurance limit 
values for the different specimens are 
summarized in Table IV. 


DISCUSSION 


Press-Fitted Axles Without Surface Treat- 
ment: 


Double values for the endurance limit 
are given in Table IV and Fig. 1 for the 
case of the axle with the press-fitted 
wheel. The lower value of 8000 psi. 
means that no fatigue cracks will develop 
in the axle wheel fit up to and including 
that stress while the higher value indi- 
cates that the axle will break off in the 
wheel fit above 13,000 psi. Between 
the lower and upper endurance limit 
values fatigue cracks develop in the 
wheel fit but do not appear to propa- 
gate to a depth greater than about 
+ in. which is not sufficient to cause the 
axle to actually break off unless the 
stress exceeds 13,000 psi." 

This phenomena of double endurance 
limit values does not exist for specimens 
without clamped or fitted members. 
Its existence here is believed to be a re- 
sult of the repeated minute sliding action 
of the end face of the hub on the axle 
surface due to the alternate elongation 
and contraction of the axle fibers pro- 
duced by variable bending stresses. 


‘t Reason for double endurance limit values discussed 
by f. V. Buckwalter, O. J. Horger and W. C. Sanders, 
‘Locomotive Axle Testing,” Transactions, Am. Soc. 
Mechanical Engrs., Vol. 60, p. 335 (1938). Contrary to 
views expressed then, later unpublished tests indicate that 
twc endurance values exist independent of whether or not 


a bending moment is transmitted through the pressed-on 
mer: ber. 
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Results of this action are noticeable by 
the corrosion and pitting which occurs 
in irregular areas accompanied by oxide 
debris near the ends of the press-fit. 
This sliding results in molecular attri- 
tion or mechanical abrasion’ which in 
the presence of axle bending stresses 
causes the fatigue cracks to develop at 
very low stresses. 

The stress concentration introduced 
by a fatigue crack once developed 
through such molecular attrition in the 
wheel fit of an axle is not as great as 
the weakening effect of molecular attri- 
tion itself. This condition is given in 
terms of stress concentration factors or 
over-all weakening effect due to the 
fitted member in Table IV. Some ex- 
planation for the fact that these incipient 
cracks will not progress to a point where 
the axle will break off unless the stress 
is increased above the high endurance 
limit value in Table IV may be found 
in tests by Moore." He found that 
incipient fatigue cracks which had al- 
ready developed in plain rotating beam 
specimens cut from railroad axles did 
not propagate until the bending stresses 
reached a value of about 50 per cent of 
the endurance limit of the virgin ma- 
terial. 

Double endurance limit characteristics 
are not a result of laboratory test condi- 
tions but there is considerable proof of 
its existence from applications in service. 
Incipient fatigue cracks appear very 
early in axle life due to stress reversals 
of a low magnitude but in comparatively 
few cases do we find that the axles 
break off in the wheel fit. The propa- 
gation of these fatigue cracks to danger- 
ous depths depends largely upon the 
number of occasional high stresses im- 


12G. A. Tomlinson, P. L. Thorpe and H. J. Gough, 
‘‘An Investigation of the Fretting Corrosion of Closely 
Fitting Surfaces,’’ Journal and Proceedings, Inst. Me- 
chanical Engrs., Vol. 141, No. 3, pp. 223-249 (1939). 

13H. F. Moore, “‘A Study of Fatigue Cracks in Car 
Axles,” Bulletin No. 165, Engineering Experiment Station, 
University of Illinois (1927). 
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posed on the axle, that is, stresses which 
would be above 13,000 psi. Equip- 
ment is often subjected to disassembly 
for magnaflux inspection similar to the 
practice followed in the railroad and 
airplane industry. In such case the 
lower endurance limit value in Table 
IV becomes very important because the 
piece is scrapped if cracks appear. 
Where no such periodical examination 
is made of equipment, then the breaking 
off strength indicated by the higher 
endurance limit value becomes impor- 
tant. In any event it is desired to have 
both endurance limit values as large as 
possible or/and. have spread 
between the two values. 


Metallized Specimens: 


A mechanical bond exists between the 
sprayed metal coating and the base 
material. It is intended that the rough- 
ened surface of the base material form 
keys or openings for the sprayed metal 
to penetrate. Doubt existed in some 
quarters as to whether the sprayed metal 
coating would loosen during the testing 
or in the mounting of the press-fitted 
wheels. The only time that separa- 
tion of the sprayed layer occurred from 
the base was when specimens broke 
off above the endurance limit value, 
and Fig. 6 shows such a typical con- 
dition. 

The number of specimens and stress 
levels at which the fatigue tests were 
made on the plain specimens with and 
without metallizing, Table III and Fig. 
3, were not as conclusive as to the exact 
endurance limit value as would be 
desired. Also the failures in the 4-in. 
fillet leaves some question as to the 
influence of stress concentration. In- 
asmuch as some specimens were tested 
at a certain stress without failure fol- 
owed by testing at an increased stress 
introduces the effect of prestressing. 
For these reasons the endurance limit 
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values assigned in Table IV may be 
subject to some small corrections but 
they are interpreted as showing little or 
no reduction in endurance limit of the 
metal-coated axle over that for the base 
material. The photomicrograph in Fig. 
7 (a) shows the region including the 
sprayed layer and the base material. 
Results of fatigue tests made on press- 
fitted axles as outlined in Table II and 
Fig. 2 permit one endurance limit value 
of 21,000 psi. to be established for the 
case of the metallized axle at the wheel 
fit. In comparison with the untreated 
axle, Fig. 1 and Table IV, the metal 
coated axle has 2.6 times as great allow- 
able cracking strength and 1.6 times as 
great allowable breaking off strength. 
Structural conditions existing in the 
sprayed layer and base material are indi- 
cated in photomicrograph of Fig. 7 (a). 
There are many applications of ma- 
chine parts where fitted members are 
pressed apart and cannot be reassem- 
bled because of loss of fit. The sprayed 
coating offers a means of reclaiming 
these parts by building up the surface 
and at the same time obtained a higher 
endurance limit than existed without the 
metal coating. 


Flame-Hardened Axles: 


Results of these tests given in Table 
II and Fig. 2 show that the endurance 
limit for cracking is 25,000 psi. while 
that for breaking is greater than 45,000 


psi. or higher than that for an axle — 


without a press-fitted wheel. 

In order to test the axle at bending 
stresses in the wheel fit of 40,000 and 
45,000 psi. it was necessary to roll 
the body of the axle so that it would not 
break off in the body. Typical fatigue 
cracks occurring in the wheel fit are 
evident from Fig. 8 (a) where a series of 
circumferential cracks develop -within 
the fit near the hub face. Such a series 
of cracks is characteristic of axles which 
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(c) Structure near axle surface No. 3-8A (X 1000). 
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(d) Core structure of axle NO. 
Hardened Axles with Press-Fitted Wheels. 


(c) Structure near axle surface No 


3-8A (X< 1000). 
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are strengthened by some means at the 
wheel seat and subjected to relatively 
high stresses. These cracks being very 
shallow, Fig. 8 (6), possibly indicate 
that, once one group of circumferential 
cracks are formed, the wheel fit is 
lost for the distance from the crack to 
the hub face. Then the next group of 
circumferential cracks develops and so 
on until about one-third to one-half 
the wheel fit length constitutes a mass 
of cracks. At this time the fit is no 
longer sufficient to hold the axle and 
wheel together and the wheel moves on 
the axle. 

Endurance limit for a flame-hardened 
plain specimen 2 in. in diameter is not 
known. This accounts for the possible 
stress concentration factor less than 1 
in Table IV where comparison is made 
with the endurance limit of the un- 
treated plain specimen. Zimmerman" 
found an endurance limit of 52,000 psi. 
for a yg-in. diameter square-notched 
flame-hardened specimen of the same 
material reported in this paper. This 
indicates a very high endurance limit 
for a plain specimen flame hardened, 
possibly better than 100,000 psi., 
and offers a partial explanation for the 
fact that the fatigue cracks in the wheel- 


4 J. H. Zimmerman, “‘Flame Treating,’’ The Welding 
Journal, February, 1940. 
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fit tests were only very shallow at bend- 


ing stresses up to 45,000 psi. a bel 


The use of the metal-coating and 
flame-hardening processes is not new but 
no data have been published concerning 
the fatigue properties of axles surface 
treated in this manner at the wheel fit. 

Plain specimens 2 in. in diameter of 
annealed S.A.E. 1035 steel showed little 
change in endurance limit with and 
without the metal-coated layer. 

S.A.E. 1045 steel axles with press- 
fitted wheels and metal coated in the 
wheel fit gave 1.6 to 2.6 times the en- 
durance limit at the wheel fit portion of 
similar axle assemblies not metal coated. 

S.A.E. 1045 steel axles with press- 
fitted wheels and flame hardened in the 
wheel fit gave about 3 times the endur- 
ance limit at the wheel-fit portion of 
similar axle assemblies not flame | 
hardened. 


CONCLUSION 
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Mr. T. S. FULLER! (presented in writ- 
ten form).—The paper by Horger and 
Buckwalter has very appropriately 
pointed out that “Plain specimens 2 in. 
in diameter of annealed S.A.E. 1035 
steel showed little change in endurance 
limit with and without the metal-coated 
layer.” 

I am able to offer evidence to sub- 
stantiate this statement, but I cannot 
submit an explanation which satisfac- 
torily accounts for the observed facts. 
Four sets of S.A.E. 1035 rotating can- 
tilever-beam type of fatigue specimens, 
having the maximum stress in a section 
whose diameter was 0.4687 in. were pre- 
pared. Instead of undercutting the sec- 
tion of these smaller specimens, it was 
built up by metal spraying with steel of 
the same composition, in amount equal 
to one-eighth of the diameter. The in- 
creased diameter was considered when 
stress calculations were being made. 

Sprayed metal adheres only to rough- 
ened surfaces. Before coating, there- 
fore, the surfaces of one set of specimens 
were shot-blasted and of another set 
rough machined, the grooves or threads 
remaining after machining being 0.003 
in. in depth. 

In addition to endurance tests on the 
base metal and on the two sets of speci- 
mens described above, in order to show 
the notch sensitivity of the base mate- 
rial, tests were made on a fourth set 
prepared by notching. In each of the 
notched specimens, a V notch 0.035 in. 
deep having an included angle of 67 deg. 


1 elias of Materials, Works Laboratory, Gongrel 
Electric Co., Schenectady Works, Schenectady, N. Y. 


and a radius at the bottom of 0.001 in. 
was cut circumferentially at the section 
of maximum stress. Stress calculations 
were based on the minimum diameter 
at the base of the notch. 

The results follow: 


Specimen 


Shot blasted and metallized 
Rough machined and metallized. . . 
Notched specimens 


Mr. J. M. Lessets.2—I wonder 
whether the authors could give us an 
explanation of the increased endurance 
limit as found by the spraying process. 
In other words, what influence does the 
surface finish have in a_ press-fit? 
Gough has given us a new term called 
Frettage Corrosion and a number of 
fatigue failures can be traced to this 
phenomenon. Possibly the increased 
endurance limit can be explained on the 
basis of the difference in contact between 
the sprayed metal and the ordinary 
metal in the press-fit. 

Mr. H. V. InskeEeEp.*—I should like 
to ask whether any relationship has 
been found between the thickness of the 
flame-hardened case and the fatigue 
resistance? The reason I ask this ques- 
tion is that it may not be necessary to 
put on as thick a case as that shown. 
It is an economic advantage to make a 
case thinner, and it can easily be done. 
The results of these tests show great 
promise and certainly cost will be a fac- 
tor in the adoption of the method. 

2 Associate Professor of Mechanical Engineering, En- 
gineering Dept., Massachusetts Institute of Technology, 
Cambridge, Mass. 


3 Development Engineer, The Linde Air Products Co 
Newark, N. J. 
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DISCUSSION ON FATIGUE OF AXLES 


Mr. R. E. Peterson‘ (by letter). 
The results reported by Messrs. Horger 
and Buckwalter for flame-hardened axle 
seats are quite remarkable, better than 
a three-fold improvement being ob- 
tained. In this connection, it would be 
worth considering the application of 
induction hardening which possesses 
some advantages over flame-hardening; 
particularly if a considerable number of 
axles are to be hardened. The surface 
hardening technique would be preferable 
to rolling where the contour is irregular. 
If further improvement beyond that 
given by surface hardening the entire 
axle is desired, the grooved hub con- 
struction could also be used. The au- 
thors are to be congratulated on making 
a major contribution to the solution of 
the press fit problem. 

Mr. O. J. Horcer® (author’s closure). 
—The test results of metal-coated speci- 
mens by Mr. Fuller are of particular 
interest because of their confirming value 
and having been made on small size 
specimens. 

Mr. Lessells inquires as to the reason 
for the increased endurance limit re- 
ported for the case of axles metal sprayed 
in the wheel fit portion for which we 
have no explanatiori. Possibly the 
sprayed material has a low susceptibility 
to the rubbing corrosion and stress con- 


4Manager, Mechanics Division, Westinghouse Re- 
search Laboratories, Westinghouse Electric and Manufac- 
turing Co., East Pittsburgh, Pa. 
_ 5 In Charge of Railway Engineering and Research, The 
Timken Roller Bearing Co., Canton, Ohio. 


centration presented by press-fitted as- 
semblies. 

The influence of surface finish and 
differences in contacting conditions be- 
tween the press-fitted wheel and axle 
are illustrated in the following table of 
endurance limit values established for 
12 in. diameter axles of S.A.E. 1045 
steel machined from 2} in. diameter hot- 
rolled bar stock without heat treatment: 


Allowable Maximum Axle 
Bend‘ng Stress in Wheel 
Seat to Prevent 


aA, 


Initiation of | Breaking off 
Fatigue Cracks of Axle 


per per 
cent cent 


Wheel pressed on axle— 
smooth turned surfaces. 
super finish on axle and 


Wheel shrunk on axle — 
smooth turned surfaces. 


Tentative values. 


The question of thickness of flame 


hardened case in relation to the fatigue _ 


resistance of the wheel seat of the 2-in. 
axles tested is oné which was not investi- 
gated. It is our opinion, however, that 
the case depth used could be decreased 
with little or no change in the fatigue 
values obtained. 

Fatigue tests are being made on induc- 
tion-hardened axles where the design, 
material, and test conditions are identi- 
cal to those followed with the flame-— 
hardened axles. Preliminary results in- 
dicate that the fatigue values will be 
comparable with those obtained with the 
flame-hardened members. 
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FATIGUE OF POROUS METALS a) 


By Craus G. Goretzet! aNnp RICHARD P. SEELIG? 


SYNOPSIS 


Porosity, whether an unintentional feature or purposely produced, is expected 
to impair the physical properties of a given material. Some studies of the 
property changes of cast iron with graphite inclusions (which are comparable 
to pores) have been carried out by different authors. 

The art of powder metallurgy offers a unique method by which to produce 
porous metals and alloys. Bars were pressed and sintered so as to contain 
controlled amounts of porosity. These bars were machined into fatigue 
specimens for the Moore and Wishart testing machine. S-N curves were 
recorded both for copper and iron and compared with those of cast copper 
and ingot iron, respectively. The fatigue results were supplemented by 
tension tests and a ratio of fatigue strength to tensile strength determined for 
different amounts of porosity. The results indicate that the fatigue limit of a 
given metal drops with the total amount of porosity. As long as this porosity 
is not excessive this drop is, however, less than expected. 

On the other hand, the effect of mere reduction in cross-sectional area due 
to the pores is not entirely responsible for this. The pores exert certain 


external and internal notch effects. 


Porosity in engineering materials in 
the majority of cases is a highly un- 
desirable feature. This is generally 
accepted as being true although there 
is very little known about the actual 
effect of porosity on the physical proper- 
ties of a given material. On the other 
hand, there are instances where porosity 
is purposely produced in metals. Here, 
too, the problem of physical properties 
as compared with dense material is of 
great importance. 

Unintentional porosity occurs fre- 
quently in cast materials both ferrous 
and non-ferrous. Graphite laminations 
in cast iron may be considered as poros- 
ity, as they form an interruption in the 
metallic structure. 

The importance of the problem in 

1 Assistant Director of Research, American Electro 
Metal Corp., Yonkers, N. Y 


2 Plant Manager, Roeder Metallurgy, Inc., Long Island 
City, N. Y. 
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steel casting may be emphasized by 
the following example: In a certain 
steel foundry, according to Woodward 
(21),> where porosity had been perhaps 
more persistent than is usually ex- 
perienced, a study of rejection records 
was made covering a period of 6 yr., 
1927 to 1932, inclusive. A total of 
21,057 castings were rejected on ac- 
count of porosity. 

Another material where porosity is 
often objectionable is bronze in the cast 
condition. Also chill-cast gun metal 
often forms pores and blowholes. More- 
over, metal coatings sometimes show a 
porous structure. Thus, we see that 
there is a large number of instances 
where porosity plays an important 
part. It is surprising to find, therefore, 
that no systematic studies on the influ- 
ence of pores on the physical properties, 
especially on the fatigue properties, 
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have been made. Some interesting pa- 
pers on related subjects will be reviewed 
briefly. 


REVIEW OF PREVIOUS WoRK 


Test results for special machined 
specimens of cast iron showed the in- 
terior metal to be slightly stronger in 
tension and of about the same strength 
in flexure as the outer layers (Schlick 
and Moore (17) ).* 

The physical properties of gray iron 
castings are affected to a greater extent 
by differences in section than those of 
other cast metals (Campbell (2) ). In 
heavy sections which cool slowly in the 
mold the strength values are lower than 
in light sections which cool more rapidly. 
This is caused by differences in the pro- 
portion and condition of the graphite 
in the metal. Slow cooling promotes 
the separation of graphite and results 
in a decrease in the tensile strength of 
the metal. Similar results are reported 


from flexure tests with cast iron (Mac- 


Kenzie and Donoho (8) ). In the inves- 
tigation with cast iron, Draffin and 
Collins (3) showed that abrupt decreases 
in section appear to weaken the speci- 
men more than surface defects. Rela- 
tively little difference was found between 
the strength of solid and hollow speci- 
mens although the solid ones were 
slightly stronger. Surface finish is not 
particularly important in __ tension. 
Small superficial differences do not 
produce stress concentrations which 
would greatly affect the strength. 
According to Thum and Ude (20) 
cast iron is considered nothing else but 
notched steel. Thus many deviations 
from the properties of steel can be ex- 
plained. The properties can be com- 
pared to those of steels when taking the 
notch effect of the graphite veins into 
account. The relatively high notch 
resistance of cast iron under fatigue 


‘The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of references 
appended to this paper, see p. 755. 
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stress is ascribed to the notch effect of 
microscopically fine graphite lamina- 
tions (internal notch effect). They de- 
crease the fatigue limit to such an extent 
that artificial notches and rough surface 
no longer show any influence. 

Tension, compression, and impact 
tests by Thum and Ude (20) have 
shown that cast iron may be considered 
as steel with holes or cavities which 
represent the graphite inclusions. Steel 
specimens with holes or slits were found 
to have physical properties very similar 
to those of cast iron. It is very interest- 
ing to compare the relationship between 
tensile results and fatigue results for 
different metals. Figured from results 
of Pomp and Hempel (15) the ratio 
of fatigue strength under repeated 
compression to fatigue strength under 
repeated tension was 2.7, 4.2, and 
3.4, respectively. The ratio of plain 
compressive strength to plain tensile 
strength was found to be 3.5, 4.2, and 
3.8, respectively. This seems to be 
new proof that the internal notch 
effect of graphite inclusions is less 
pronounced under compression. Gough 
(5) finds that cast materials may differ 
considerably one from the other in their 
tensile properties, while they may have 


relatively constant ratios of fatigue to — 


tensile strengths. The fatigue strengths 
were found to be higher than expected 
in relation to the tensile strengths, 
especially considering possible casting 
defects. The results of experiments by 
Mailainder (9, 10) are shown below: 


Material 


Tensile Strength, 
kg. per sq. mm 

| Decrease by Notch 
Effect, per cent 


| Notched 
| Notched | 


Cast iron.......| 
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| 


% 


= 


GOETZEL AND SEELIG 


The more graphite cast iron contains 
and the coarser it is the lower is the 
tensile strength and the lower (and 
more dependent on stress) is the modulus 
of elasticity. For machined specimens 
the ratio of fatigue strength (in bending) 


_ to tensile strength was found to be 0.45 


(Mailinder (9, 10) ). It is not much 
lower than that for steel. In other 
words, the notch effect of graphite de- 
creases not only the fatigue strength 
but also the tensile strength as compared 
with ductile steel. 

Another indication for the internal 


notch effect of graphite is seen in the 
fact that the ratio of torsion fatigue 


addition of 4 per cent lead has litile 
effect on the endurance properties of a 
tin-base bearing alloy. In fact, the 
lead seems to improve the material 
slightly. This is interesting because 
current belief is that lead has an em- 
brittling effect on the alloy and that 
lead produces minute shrinkage cavities 
in such alloys. Specimens with visible 
defects, on the other hand, were very 
much inferior to sound metal. 

The only fatigue tests carried out 
with sintered metals so far are reported 
by one of the authors (4). Ppa Pe 


limit to bending fatigue limit is higher Fa 
for cast iron than for steel. A = 


high ratio of torsion fatigue limit to 


bending fatigue limit (0.91) for mag- 


nesium and aluminum casting alloys is 


7 blamed by Matthaes (11) on pores. 


tion, as aluminum castings are less 


This seems to be a reasonable assump- 


notch sensitive than aluminum forgings. 
It is a well-known fact that all irregulari- 
ties of the specimen surface have a more 


or less detrimental influence on the 
fatigue properties of metals. 


When 
determining the effect of such irregulari- 
ties it is necessary of course to standard- 
ize on an ideally smooth surface (for 
instance, polished and buffed). On the 


_ other hand, this comparison may not be 


in all cases of practical value, because 


ideally smooth surfaces are not found 


in structural parts. Therefore, the in- 
fluence of small surface defects on alumi- 
num wires was compared with the or- 
dinary drawn surface of aluminum 
wires in previous tests by one of the 
authors (18). In this comparison the 
influence of the notches was not very 
great. In this connection a most in- 
teresting research by Kenyon (7) should 
be mentioned. He found that the 


d=Critical diameter 


Fic. 1.—Fatigue Test Specimen for Moore 
Wishart High-Speed Machine. 


Powder metallurgy is unique in as 
it is possible to produce materials of 
controlled porosity. Therefore, — this 
method was used to produce specimens 
“~ this investigation. Bars measuring 

$ by % by 3 in. were compressed from 
pa and iron powder, respectively. 
The variations in percentage porosity 
were achieved by variation in compact- 
ing pressure and the size of the pores was 
varied by using fine or coarse grades of 
powders. After compression the bars 
were then sintered in hydrogen gas and a 
few of them were compressed and sintered 
a second time after the sintering to pro- 
duce lowest porosity. The materials used, 
the pressing and sintering treatment, 
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and the resulting porosity are shown 


| Processing Method for | 
Specimens® 

Basic 
Material 


Pressure, 
tons per 
sq. in 


cent 


Sintering Cycle 


| Porosity, per 


|) Electrolytic 

..|| Copper 

powder of 
200 

mesh 


trolytic 


750C./16 hr./1X 
750C./16 hr./1X 
750C./16 hr./2X 


AAW 
none 


copper 
wder 
ess 

325 mesh 


Electrolytic 


15 (1X) 
50 (1X) 
50 (2X) 


750C./16 hr./1X 
750C./16 hr./1X 
750C./16 hr./2X 


15 (1X) 
50 (1X) 
50 (2X) 


1000C./8 hr./1X 
1000C./8 hr./1X 
1000C./8 hr./2X 


Electrolytic 
iron pow- || 15 (1X) 
der of less{| 50 (1X) 
than 325 50 (2X) 
mesh 


1000C./8 br./1X | 32. 
1000C./8 hr./1X | 18. 
1000C./8 hr./2X | 6. 


a 1X and 2X indicate whether pressed and sintered 
once Or twice. Furnace atmosphere was dry hydrogen. 


The apparent density was determined 
on the square bars by measuring the 
volume and determining the weight. 
The porosity was computed by com- 
parison with the theoretical density for 
either metal. The fatigue specimens 
were machined out of the square bars 
according to the shape and size required 
for the Moore and Wishart fatigue 
testing machine (see Fig. 1). Standard 
tension test specimens were also com- 
pressed and sintered by the same proce- 
dure so that the tensile strength could 
be determined for each kind of porosity 
on both metals. The fatigue tests were 
run on the Moore and Wishart machine 
and S-N curves were plotted. A series 
of photomicrographs was taken of all 
classes of porosity both in copper and 
iron. See Fig. 2 and 3. 

The purpose of micrographs is two- 
fold: they show the amount and nature 
of the pores; they also tell something 
about the pore distribution. It was 


suspected that due to turning and han- 
dling, the pores near the circumference 
of the bars might be closed or dislo- 
cated. For this reason two micrographs 
were taken of each bar, one in the center 
and one at the surface. Our assump- 
tion was found to be true to some extent. 
The highly porous specimens show some 
dislocation of material near the surface. 
It must be concluded that this is so 
slight that it does not interfere with 
the results. The denser specimens show 
no dislocation of this kind; the pores 
near the surface are not closed up. 

The resultant fatigue strength values 
together with tensile strength values 
and the ratio of both properties are 
shown below: 


Ratio, Fatigue 
Strength to 
Tensile 
Strength, 
per cent 


Average 
Tensile 

Strength, 
| 


Fatigue 
Strength, 
psi. 


Specimen 
Set 


10 770 
18 870 
25 200 


13 000 
23 180 


ANN 


DISCUSSION OF TEST RESULTS oe 


Fatigue curves for two sets of solid 
and six sets of porous copper specimens 
are shown in Fig. 4. Hard-drawn 
oxygen-free high-conductivity copper 
shows of course the highest curve. 
Soft annealed oxygen-free high-con- 
ductivity copper has a lower fatigue 
limit than three of the porous specimens. 

It is interesting to note that sample 
C 3 has a fatigue limit which is 2500 psi. 
higher than A 3 although the porosity 
for C 3 is slightly greater. Referring to 


Fig. 2, this is easily explained (photo- 


below: 
Speci- 
men 
Set 
Num- 
ber 
Al 15 (1X) 
A2 | 50 (1X) 
A: || 50 (2X) 
C1 
(Li 
C; 4.5 
D tween 10 
and 20 view 
mesh 
F 
F ; 
1 3700 =| 34.2 
2 ne 7500 | 
3 ...| 10500 | 41.8 pos 
i 4700 | 36.2 
3 ...| 13 000 43.3 
4.000 12 500 
ved 9 000 26 500 33.3 
14.500 34 900 42.7 
i 4500 13350 | 
2 500 31900 | 34.5 
f 3 ...| 23000 37700 | 61.0 
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Fic. 4.—Fatigue Properties of Sintered Copper of Different Porosity 
OFHC = oxygen-free high-conductivity copper. 
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‘Fic. 5.—Fatigue Properties of Sintered Iron of Different Porosity 
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micrographs e, f and k, /, respectively). 
The porosity of C3 is more finely sub- 
divided than that of A 3. 

In this one example the influence of 
the pore size seems to be demonstrated. 
On the other hand, this influence cannot 
be too strong, because in no case does 
coarse porosity exert a more predomi- 
nant influence than that of totai pore 
percentage. It may also be noted that 
the difference between two types of 
porosity (series A and C) disappears 
with increasing total porosity. Not 
too great importance should be at- 
tributed to this because as may be seen 
from the photomicrographs the size of 
the pores does not appear to be a great 
deal different in the highly porous speci- 
mens. 

In Fig. 5, similar curves are shown for 
one series of ingot iron and six sets of 
porous iron specimens. The solid iron 
specimen shows the highest fatigue 
curve. A similar condition prevails as 
in the case of copper. The fatigue 
strength suffers with increasing purosity. 
It may be pointed out that the difference 
between the specimens prepared from 
fine and coarse powder is greater here 
than in the case of copper. As may be 
seen by a comparison of the photomicro- 
graphs in Fig. 3 and the corresponding 
porosity values this may be due to the 
difference in porosity percentage rather 
than in pore size. With increasing total 
porosity the difference in fatigue proper- 
ties between the two types of specimens 
disappears. 

The S-N curves run less steep with 
increasing porosity both for copper and 
iron. The curves for the powder pressed 
copper specimens run flatter than those 
for oxygen-free, high-conductivity cop- 
per, both in the hard-drawn and soft 
condition. For iron the slope of the 
curves of the sintered specimens is 
pretty well in line with that of ingot iron. 
The curves for porous copper specimens 


it 
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are smoothly curved just like the ones 
for solid copper. The porous iron speci- 
mens show a turning point similar 
to that which solid iron specimens 
usually have. 

A comparison of the authors’ results 
with cast iron is not shown in the curves. 
Using the figures given by Mailainder 
(9, 10) it is found that the fatigue 
strength of low-grade cast iron is lower 
(12,800 psi.) than that of the powder 
pressed and sintered iron specimens with 
6 and 10 per cent porosity, respectively. 
As a matter of fact, this type of cast 
iron” corresponds roughly to a sintered 
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Fic. 6.—Fatigue-Tension Ratio as a Func- 
tion of Porosity for Copper and Iron. 


specimen with 15 per cent porosity. 
A higher grade cast iron (with a fatigue 
strength of 16,200 psi.) corresponds to 
about 12 per cent porosity in a specimen 
made from fine iron powder and to about 
8.5 per cent porosity in a specimen made 
from coarse iron powder. 

The fatigue strength of cast steel 
exceeds that of any of our sintered speci- 
mens. However, a notched steel speci- 
men, according to Mailander (9, 10), has 
a fatigue strength that is a little lower 
than that of our series F 3, made from 
fine iron powder with a total porosity of 
6 per cent. 

These comparative data with cast 
iron and steel are supplementary to the 
iron curves. They are based on aver- 


if 
ay 


ages and extrapolated data. 


To be sure, 
it should be noted that the structure of 
cast iron is very different from sintered 
(pure)iron. Thevaluesare approximate 
only but should be of considerable prac- 
tical interest. 

It is interesting to study the ratios of 
fatigue strength to tensile strength, 
see Fig. 6. This ratio is very high for 
high-density iron and drops rapidly as 
the porosity increases. For copper it 


- does not drop so drastically and for high 
_ porosity it is higher than for similar 


iron specimens. 


a 


One of the most impor- 
tant findings of this investigation ap- 
pears to be the fact that these values, 
plotted against porosity, form smooth 
curves in all cases. 

It may also be noted that the curves 
for fine powder (small pores) lie consist- 
ently higher than for coarse material 
both in the case of iron and copper. 
This is a very interesting observation 
as it is the second instance we find where 
the particle size exerts a slight but defi- 
nite influence. 

A comparison with the figures of 
Mailander quoted earlier shows that the 
ratio of fatigue strength to tensile 
strength for cast iron corresponds ap- 
proximately to the ratio of the sintered 
specimens with about 9 per cent porosity 
in the case of coarse iron powder, or 
11.5 per cent porosity in the case of fine 
iron powder. The figure for plain steel 
would correspond to a porosity of ap- 
proximately 5 per cent in the sintered 
specimens when extrapolating the two 
iron curves (Fig. 5) and taking an aver- 
age value of these two. The ratio for 
the notched steel specimen as reported 
by Mailinder reproduced above, would 
correspond to 19 per cent of pores in the 
sintered specimens. 


Evaluation of Results and Theory: 


Irregularities of specimen surfaces 
and notches may be termed technologi- 


GOETZEL AND SEELIG 


cal danger points. With static load, 
that is, one-directional single-stroke 
load, the notch effect is not very danger- 
ous. Tougher materials are able to 
eliminate stress-raising effects by plastic 
deformation. In fact, there are cases 
where notches increased the static ten- 
sile strength, for instance, in the case of 
cast iron (Sachs (16) ). 

As is well known, this is in no case 
true when changing or oscillating load 
is applied. For instance, even the 
slightest uneveness of surface impairs 
the fatigue properties; it is incorrect to 
consider the fatigue strength a strictly 
defined material property. It is a value 
that is determined by the material, the 
specimen shape, the surface condition 
and, as we have seen, the porosity. 

It is generally accepted that the in- 
fluence of notches is based on the stress 
concentration in the bottom of the 
notch. The same is probably true for 
pores. Attempts were made by means 
of formulas to explain the stress-raising 
effect. If we call the increase in stress 
s, depth of indentation d, the radius of 
curvature in the root of the notch 7, the 
following relations were found: 


Griffith s= (: +4/2)x 100 per cent 
r 


d 


Inglis s= (: +2 s) X 100 percent 


r 


2yt4Vyt2 
24+Vy 


The latter formula applies to half 


Armbruster s= 


elliptical notches in which y = 
Armbruster (1) ). 

All these formulas are admittedly only 
very approximate. They apply to ten- 
sile stress on a specimen the width of 
which is very large as compared to the 
depth of the notch. 

A practical formula which has to be 
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adapted to each particular condition 
was developed by Thomas (19): 


Herein o is the maximum strength 


in the notch bottom and oa,, the mean 
tensile strength. For sharp notches 
K = 2, for fine grooves K = 0.16, and 
for coarse notches K = 0.45. 

Another approach to the problem of 
the influence of notches was the experi- 
mental determination by means of 
optical polarization with glass rods, by 
means of very accurate extensometer 
measurements, and by means of rubber 
models. In a comparison it is found 
that the results of the different investiga- 
tors are not in agreement. 

Since it must be stated that these 
formulas and experimental data may not 
be satisfactory for practical determina- 
tion of notch effect, it is at present not 
obvious how they can be translated 
into terms of internal porosity. The 
effect of pores on the stress distribution 
may be visualized in a twofold manner. 
The stress in the porous cross-section 
is increased in accordance with the ratio 
of the moments of resistance for the 
original and the reduced cross-section. 


Moreover the stress-raising effect similar 
to the notch effect has to be considered. 

From our curves it may be concluded 
that the reduction in cross-sectional 
area between pores alone cannot be 
responsible for the reduction in fatigue 
limit. On the other hand, the stress- 
raising effect which was expected to 
reduce the fatigue limit to a greater 
extent seems relatively low. It would 
seem probable from experiments on 
multiple stress raisers closely spaced 
together that a general porosity might 
reduce the stress concentration at each 
individual pore. 

The results described indicate that 
the condition of a porous fatigue speci- 
men is characterized both by reduction 
in cross-sectional area and some degree 
of stress-raising influence. No qualita- 
tive conclusion as to the degree of in- 
fluence of these features can be drawn 
at the present time. 

In conclusion, it should be mentioned 
that the fatigue strength of the sintered 
specimens is relatively high as long as 
the porosity is not excessive. The 
influence of corrosion has not been 
covered by this investigation. It is 
quite possible that corrosion-fatigue 
phenomena are more pronounced in 
porous specimens than they are in solid 
ones. 
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Mr. J. B. Kommers! (presented in 
written form).—This paper is of much 
interest because it gives information 
on fatigue strength of new materials. 
In the accompanying Fig. 1 I have 
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| Fic. 1.—Relation of Endurance Limit and 
Tensile Strength to Porosity. 


plotted endurance limit and also tensile 
strength against porosity. It is of 
interest to note that the endurance 
limit does not vary linearly with poros- 
ity. As the porosity increases the 
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4) 
endurance limit decreases at a reduced 
rate. 

For the tensile strength the same type 
of curve is obtained for the copper 
specimens as was found for all the 
endurance curves. However, this is 
not the case for the tensile strength of 
the iron specimens. For the latter it 
will be noted that the tensile strength 
decreases at an increasing rate with 
increase in porosity. This indicates 
how difficult it is to predict the endur- 
ance behavior of new materials. It 
reinforces the argument for experimental] 
work. 

If Figs. 4 and 5 represent all the 
fatigue results obtained on these mate- 
rials, it should be noted that all the 
curves show rather remarkable uni- 
formity of results. This is evidenced 
by the lack of scatter of the fatigue 
results. 

Mr, J. T. MACKENzIE*—I was inter- 
ested in this paper from the standpoint 
of cast iron, which acts when under 
stress very much like a porous material 
and therefore I went over the cast irons 
of the 1933 impact reports and plotted 
the fatigue strength against the volume 
percentage of graphite and then put 
Goetzel and Seelig’s irons on the same 
graph (accompanying Fig. 2). It is 
interesting to observe how with the low 
values the two materials check, but at 
the 10 per cent point the truly porous 
material is very much stronger than the 
graphite bearing material. The graph- 
ite does not act as a porous material in 
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compression, and the chances are that 
the stresses are higher than are calcu- 
lated due to this; also, the matrix of 
the high graphite irons is quite weak. 
Mr. R. E. Pererson® (by letter).— 
It is of interest to examine the data in 
the light of theoretical stress concentra- 
tion values for enclosed cavities and for 
surface discontinuities. For a spherical 
cavity in a tension member Goodier* 
has found a theoretical stress concentra- 
tion factor of approximately 2. This is 
lower than for a small circular hole in a 
flat tension bar which approaches 3 as a 
limit. It therefore appears that failure 


stress concentration effects were present. 
We now see that a stress concentration 
factor of 5 is needed to reduce this figure 
to 4000 psi. It therefore appears that 
spherical cavities cannot produce such 
a result. However, examination of the 


‘micrographs of the specimens having 


large porosity shows some of the pores 
to be quite elongated. 

Let us now refer to Neuber’s results® 
for a tension member having a cavity 
generated by an ellipse with its minor 
axis coinciding with the axis of member. 
The stress concentration factor, A, 
depends on ¢/r where ¢ = radius ofthe 
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would start at the surface where one 
of the voids has been cut rather than 
at one of the voids just below the 
surface. 

If we now consider the authors’ 
data, iron without cavities has an endur- 
ance limit of approximately 29,000 psi. 
and with 32 per cent porosity this drops 
to 4000 psi. Due to porosity the reduc- 
tion of net area would reduce the section 
modulus to where one might expect 
about 20,000 psi. endurance limit if no 


3 Manager, Mechanics Division, Westinghouse Re- 
search Laboratories, Westinghouse Electric and Manu- 
facturing Co., East Pittsburgh, Pa. 

M Goodier, “Concentration of Stress Around 
Spherical ane Cylindrical Inclusion and Flaws,” Transac- 
tions, Am. Soc. Mechanical Engrs., Vol. 55, APM-55-7, 
p. 39 (1933). 
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Relation of Fatigue Strength to Volume Percentage of Graphite. 


cavity about the axis and r = maximum 
radius at the end of the cavity in an 
axial plane. For K = 5, a value of 
t/r = 10 is needed. If we consider a 
corresponding elliptical hole in a flat 
tension member, the concentration effect 
is apparently greater so that a ¢/r of 
but 4 is needed. As before, surface 
failure is to be expected. It is certain 
however that a still larger ¢/r, that is, a 
sharper discontinuity, will be required 
for the following reasons: 

(a) The above value is, in each case, 
for an isolated cavity in a large body. 


5H. Neuber “Kerbspannungslehre,” p. 99, Julius 
Springer, Berlin (1937). 
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For a porous material made up of 
cavities rather closely spaced, a higher 
t/r would be needed to give the same K. 

(b) Where the size of discontinuity 
is of the same order as the grain size, 
the loss of sensitivity® is large. For 
this reason a higher ¢/r would be needed 
to arrive at a final fatigue limit of one-fifth 
the nominal value. Taking the foregoing 
considerations into account one would 
need an extremely narrow form of 
discontinuity, say of the order of t/r 
of 10, having the appearance of a 
crack, to account for the results. 

One observation which follows from 
the foregoing analysis is that if the pores 
could by some modification of the 
process be made to be of more nearly 
spherical form, as seems to be the case 
for the materials of low porosity, greatly 
increased fatigue strength could be 
expected. 

It is hardly necessary to add that the 
paper by Messrs. Goetzel and Seelig 
constitutes an important addition to 
the literature on fatigue of metals. 

Mr. J. M. Lessetts.'—-The paper is 
interesting in that it represents a step 
towards telling us something about the 
mechanical strength obtained by powder 
metallurgy. So far powder metallurgy 
has been confined to the domain of the 
metallurgist and physicist but this is the 
first serious attempt to give the engineer 
some data on the strength to be ex- 
pected by the use of this process. 

It is likely that the pressure applied 
in the process will have a great influence 
on the results obtained, and possibly 
the mechanics of how we get a solid 
body by the process is not as yet clearly 
understood. It must be true that very 
high temperatures are generated as a 
result of the pressures employed, and 


5 “Contributions to Mechanics of Solids,’’ Timoshenko 
Commemorative Volume, p. 180, Macmillan Co., New York, 
(1938). 
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Engincering Dept., Massachusetts Institute of Tech- 
logy, Cambridge, Mass. 
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possibly the pressure variable should 
be considered. 

Mr. L. W. BAtt.*—In any considera- 
tion of porous metal, I think the relation 
of the structure to radiographic appear- 
ance should be brought out in the dis- 
cussion. In radiographic testing we 
have a good many types of mottled 
appearance on our film, due to very 
small gas cavities between the grains 
of metal, and this is particularly true 
in the aluminum alloys and also in 
magnesium alloys. There have been 
at least two sets of research in which the 
fatigue strength of porous metal has been 
related to radiographic appearance. We 
have not measured the porosity in 
terms of per cent but rather indegrees 
of the mottling on the film, and the 
relation between the fatigue strength 
and the mottling is very direct. Mr. 
Triplett, I believe, has prepared curves 
relating the two. It would have been 
of considerable interest to the radiog- 
raphers if the specimens in the present 
investigation had been radiographed. 

Mr. Francis M. Howe the 
Aluminum Research Laboratories we 
have made fatigue tests on sand-cast 
aluminum alloys having different degrees 
of porosity. We have found that while, 
in general, there is a relation between 
the amount of porosity and the endur- 
ance limit, it is dependent not only upon 
the amount of porosity, but also upon 
the location of the porosity, the shape 
of the voids and many other things, so 
that we do not believe that by deter- 
mining only the percentage of porosity, 
the effects of porosity upon the endur- 
ance limit can be determined. 

Mr. Craus G. 
Lessells mentioned that the pressure 
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might promote extensive heating which 
might have something to do with the 
results of the test. Some heat might 
be created during compression, but only 
a cohesive force comes into action, 
which has to be replaced by atomic 
forces, that is, by diffusion, during heat 
treatment. The pressure’s primary 
effect, however, was found to be the 
compacting of the particles to bring 
them into an agglomerated condition. 
What is most important is not the 
pressure but the heat treatment, because 
during this sintering process we go 
through a metamorphosis of our mate- 
rial. At the beginning we have hun- 
dreds of thousands of small particles of 
low tensile strength, and only after heat 
treatment which promotes grain growth 
do we obtain a metallic body which 
may be compared with cast metal, 
though the difference in grain size is of 
important influence. 

We found a certain difference in the 
curves for the fine and coarse materials. 
For instance, in the case of iron, the F 3 
curve is well above the D 3curve. That 
might be partly due to the fact that the 
porosity was slightly lower in the one 
set of specimens than in the other. 
If one compares the pictures, one will 
see that the micrographs of specimen 
F 3 (Fig. 3(&) and (/)) show a larger 
grain size than those of specimen D 3 
(Fig. 3(e) and (f)). There are more 
grains coming in contact with each other 
in the case of D 3 than in the case of 
F 3. This appears to be one of the most 
important factors governing the tensile 
strength as well as the fatigue strength, 
because evidently in our, may I call it, 
“synthetic” material, made by powder 
metallurgy, the weak planes are in the 
grain boundary areas. The grain 
boundaries, created in the heat-treating 
process are artificial and weakened by 
impurities and oxides. Therefore it 
seems that the fewer boundaries we have 
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in the material, the better our metal 
will be with regard to tensile strength 
and fatigue strength. 

An explanation for the peculiar fact 
that the grain size of material made 
from the fine powder was larger than 
that made from the coarse powder 
cannot be assumed so easily; the fact 
that we used very pure iron powder 
might have caused a more spontaneous 
grain growth in the fine powder mate- 
rial. Besides, sintering was carried out 
at a temperature very critical for grain 
growth phenomena of sintered iron, 
and slight temperature variations (in 
the range of 10C.) might have had 
some effect. 

Mr. MacKenzie mentioned that cast 
iron behaves very well under compres- 
sion and not so well under tension. 
We have observed exactly the same fact 
with powder metals. They usually 
stand up very well under compression, 
but when it comes to tension they are 
rather weak, so that the comparison 
holds. 

I agree with Mr. Howell, that the 
shape of the voids makes quite a differ- 
ence; that is the reason why we showed 
detailed photomicrographs so that one 
can see the difference in the shape. 
The shapes of these pores can be con- 
trolled by the size of the particles and 
also by the pressure and method of 
heating. 

I agree with Mr. Ball that radio- 
graphic investigation would probably 
throw even more light on the question 
of the nature of the pores, but unfortu- 
nately such facilities were not available, 
so that the microscope had to be used 
instead. 

Mr. Ricwarp P. 
Howell pointed out that the location 
of the pores is an important factor. 


11 Plant Manager, Powder Metallurgy, Inc., Long Is- 
land City, N. Y. 
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From Mr. Peterson’s discussion it is 
evident that the shape of the pores also 
has to be considered. However, in 
order to start a systematic research on 
the influence of porosity on mechanical 
properties, we decided to use porosity 
that was distributed as evenly as possible 
throughout the cross-section because 
by the use of our method this is a re- 
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producible structure. It seems likely 
that conclusions may be drawn from 
this type of porosity and applied in 
other cases where no such homogeneous 
distribution exists. 

Appreciation is expressed to Messrs. 
Kommers and Peterson whose discus- 
sions are a most valuable addition to 
the paper. 
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PULSATING TENSION-FATIGUE MACHINE FOR SMALL 


DIAMETER WIRE 


wee By joun N. Ee N. Kenyon! 


set 


A new type of pulsating tension-fatigue machine is developed by employing 
three reciprocating forces, 120-deg. out of phase, which exerts a constant 
torque on the motor and thus eliminates unbalanced inertial effects. A grip- 
ping method is developed whereby over 80 per cent of the test specimens fail 
clear of the end connectors. The machine is especially adapted for testing 
used wire in order to determine the extent of aeeeeeaaen in endurance 


properties. 


While corrosion-fatigue tests, per- 
formed on selected wires, give valuable 
information, the determination of the 
endurance properties of samples taken 
from service by a stress-reversal method 
are difficult because of the curved and 
“kinked” conditions of these wires. 
For such wires, not suitable for tests 
by stress reversal, a pulsating tension- 
fatigue test is more desirable. While 
the design of the necessary equipment 
offers some mechanical difficulty, the 
pulsating tension test has certain ad- 
vantages in that the entire cross-section 
of the test specimen is nominally sub- 
jected to the desired maximum stress. 
This most effectively integrates the 
combined effects of surface imperfection 
and crystalline inhomogeneity. 


DEVELOPMENT OF A PULSATING 
TENSION-FATIGUE MACHINE 


The pulsating tension test described 
in this paper is essentially a method 
whereby a wire is subjected to some 
mean force, W, and this force rapidly 


1Instructor in Civil Columbia Uni- 
versity, New York, N. Y. 


varied from Ww. — wtoW + w; the range 
of force is governed by the magnitude 
of 2w. The purpose of the mean load W 
is to retain a tension load on the wire 
so that it will not buckle.” 

Assume a crank and weight assembly 
wherein a body, Z, suspended by a long 
wire, is accelerated upward and down- 
ward. This body moves with prac- 
tically simple harmonic motion and 
subjects the wire to a pulsational tension 
force. If the crank is turned too fast, 
this wire will buckle when the accelera- 
tions of the body £E exceed that of 
gravity. See Fig. 1 showing an experi- 
mental model. 

Assume now that there are three 
bodies, A, B, and C, and that they are 
suspended by wires, 120-deg. apart, 
from the edge of a horizontal disk. 
From these three bodies, by means of a 
spider arrangement, is suspended a 
fourth weight D. When the disk is 
oscillated, by means of a crank, any 
point in the perimeter travels in a small 


2 Nomenclature for Various Ranges in Stress in Fa- 
tigue, Appendix, Report of Research Committee on 
Fatigue of Metals, Proceedings, Am. Soc. Testing Mats., 
Vol. 37, Part I, p. 159 (1937). 
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vertical circle. The three weights are 
thus accelerated vertically in simple 
harmonic motion; should the accelera- 
tions exceed that of gravity, the wires 
will not buckle since they are held taut 
by the constant load D. 

It can be shown that the three re- 
ciprocating movements, represented by 
A, B, and C, are actually a dynamically 
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of Fig. 2. The equation of the motion 
is as follows: x, 


Force = Mass X Acceleration 


where W = weight of body, 

T = period of oscillation, and 

= vertical distance from 

O to O’ 

At a given moment, the point of support 
for body A is at the lower limit of travel 
and with an upward acceleration pro- 
portional to +2. Simultaneously, 
bodies B and C, which are moving 
120 deg. out of phase, have downward 
accelerations proportional to —x/2. 


Resultant force = (m4 + mpg 


(+ — x/2 — x/2) = 0 


+ mc) 
The force component can thus be shown 
to be zero for any position of the three 
bodies, hence the support of the disk 
exerts a constant upward force equal to 


the weight of A+ B+C+D. 


“ --_[t has thus been shown that the three 


Fic. 1.—Pulsating Tension Experimental 
Model. 


balanced force system with the driving 
mechanism exerting a constant torque. 
According to the principle of simple 
harmonic motion, the acceleration of a 
body is proportional to the distance 
from the center of oscillation. Let the 
three points of support on the disk be 
represented as constantly accelerating 
toward the center line of rotation O—O’ 


reciprocating forces reduce to a rotating 
force of constant torque and a balanced 
force system is secured. It is to be 
further noted, since body D has no 
motion and the three accelerations 
cancel, that each body may be treated 
independently as though it supported a 
nonreciprocating load D/3. Body A 
may be attached to the test specimen 
and the other two bodies B and C con- 
sidered as counterweights. 
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CALIBRATION AND APPLICATION 


The pulsating tension machine finally 
developed is identical in principle to the 
experimental model except that the 
reciprocating weights operate _hori- 


- zontally and the mean load D is sup- 


The machine is driven by a 3-hp., 
3600-r.p.m. synchronous motor. The 
reciprocating weights are held in position 
by thin flexible steel guides which permit 
longitudinal movement and reduce fric- 
tion toa minimum. Points of movable 


Fic. 3.—Pulsating Tension-Fatigue Machine. 
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ported by a right-angle lever, see Figs. 
3 and 4. The horizontal type of 
machine was built because of simplicity 
of design and low cost, although it was 
realized that the traveling weights must 
be held in alignment by guides and a 
frictional effect thereby introduced. 


._—Pulsating Tension-Fatigue Machine. 
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contact are fitted’ with ball bearings. 
The distance traveled by the recipro- 
cating weight, to which the wire test 
specimen is attached, is determined by 
the Brinell micrometer microscope. 
This instrument is graduated to 0.1 mm. 
(0.004 in.) but by careful manipulation 


was 
T 
ine! 
wei; 
F= 
Motor h 
Sin 
on 
Tar 
Fib 


KENYON ON TENSION-FATIGUE MACHINE FOR SMALL WIRE 


was estimated to one-fourth ofa division 
(0.001 in.). 

The following is an example of the 
inertial force exerted by a reciprocating 
weight: 

W (2x)? (x) 


32.2 T? 12 


45 X 39.5 X (0.052/2) 
32.2 X (1/60)? x 12 


= + 1660 X 0.052/2 


= + 43 Ib. 


765 


where D = mean load = 300 bb., 
d 


ai. 
diameter of test specimen = 

0.0379 in., and 
area of test specimen 

0.00113 sq. in. 

The stress in the specimen can be 
computed by the measured movement 
of the reciprocating weight and by direct 
measurement of strain in the wire. The 
calibration of the machine was carried 
out as follows: By means of a screw 
adjustment, the crank was offset to give 
equal increments in weight travel. By 


a 


2 Curve / 


o 


by Screw Adjustment 


WG 


oO 
o 
Oo 
~ 
£ 
2 
e 


Curve/ ° From Acceleration 
Curve 2 Check Determinations 


Relationship 


by Strain Measurements _| 
ae Double Points 


| | | 


20000 


Fic. 5.—Pulsating Tension Calibration Data. 


where Speed = 3600 r.p.m. = 60 r.p.s., 
W = reciprocating weight = 

4.5 lb., 

period of oscillation 
eo sec., and 

0.052/2 in. = } distance 
traveled by recipro- 
cating weight. 

Since there is a mean load D/3 exerted 

on the wire test specimen, the total 

range of tension stress is: 


(+100 — + 0. 00113 


as 


x 


Fiber stress 
= [(+100 + 43) — 
= 000 


40000 
Induced Stress in Wire, psi. 
Curves established by method of least squares. 


60 000 


means of the micrometer microscope, 
sixteen readings were taken of the travel 
of this reciprocating weight; also the 
corresponding strains in a gage length 
of 8.77 in. These data, converted into 
stress values, were plotted by the method 
of least squares. The two straight-line 
relations, thus established, checked quite 
closely, which indicates that the machine 
functions according to the assumed 
principle. See Fig. 5. The points de- 
termined by strain measurements in the 
specimen are the more widely scattered. 
This may be explained by the fact that 


an error of 0. 001 i in. in cette strain 
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is equivalent to an error in stress of 
3400 psi. whereas a similar error in 
estimating the travel of the reciprocating 
weight is only equivalent to a stress of 
1450 psi. In view of the performance 
of the machine, it is believed that the 
micrometer microscope, with special 


refinements in application, will prove to 
be sufficiently accurate for determining 
stress values. 

The machine operates at the unusually 
high speed of 7200 stress-cycles per 
minute (3600 r.p.m.). The tendency of 


the test specimen assembly to assume a 
certain natural frequency is effectively 
balanced by two other similar assemblies 
which act as  counterweights. The 
framework of the machine simply sup- 
ports the reciprocating mechanism. 
The possibility of the driving disk 
developing a higher harmonic effect is 
unlikely since its period of natural fre- 
quency is vastly higher than that at 
which the machine operates.* If higher 
harmonic effects were appreciable, it 
might be expected to increase in in- 


{3 S. Timoshenko, “‘Vibration Problems in Engineering,”’ 
D. Van Nostrand Co., New York, N. Y. (1937). 
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tensity with increased load application. 
Such is not the case as evidenced by the 
straight-line relation between the crank- 
setting increments and the stress in the 
wire as determined by the reciprocating 
weight, Fig. 5. 

The gripping of the ends of the wire 
specimens was accomplished by crimping 
on brass connectors. The ends of the 
test specimen were first polished to 
taise the fatigue limit. Then a ?-in. 
threaded and a }-in. plain brass sleeve, 
each drilled out to the diameter of the 


wire, were slipped over the ends of the 
specimen leaving about } in. of wire 
protruding. Each sleeve was_ then 
pressed on in a die under approximately 
20,000 lb. pressure after which the ex- 
tending ends of the wire were bent into 
loops and soldered. This gripping 
method proved effective since well over 
80 per cent of the test specimens failed 
clear of the end connectors. See Figs. 
6 and 9. ef 
The materials tested in the machine 
were steel bead wire (automobile tire 
reinforcement). The loss in endurance 
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properties was obtained on wire taken siderable scattering of points; however, 
from worn automobile tires, thus ex- some may be attributed to minute 
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hibiting the practical application of the inhomogeneities in the wire materials. 
machine. Curve 1 was obtained on unused bead 
The results in Fig. 7 show a con-_ wire and, for comparison, a curve was 
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obtained by a stress reversal method,‘ 
see broken-line curve. The range of 
stress obtained by stress reversal is 12 
per cent higher than that obtained 
by pulsating tension. Shelton and 
Swanger, at the National Bureau of 
Standards, investigated a series of bridge 
wires with the Haigh alternating stress 
machine. They found no effect on the 
endurance limit by varying the mean 
stress through a wide range; in no case 
— the range of stress obtained by 


used in service, but subjected for 3.5 yr. 
to extremes in climatic temperatures 
and humid conditions. The tire was 
protected from actual contact with 
water by the tire carrier. The tests 
show no serious falling off in the en- 
durance properties. 

Curve 3 of Fig. 7 shows fatigue data 
obtained on wire taken from a tire 
which had been driven 20,000 miles, 
and with the tread worn thin. The 
trend of the curve is toward a lowered 


Fic. 9.—Broken Pulsating Tension Test Specimens. 


pulsating tension higher than that 
obtained by stress reversal.’ No direct 
comparison of results can be made on 
bead wire by means of the Haigh machine 
since the minimum measured force 
which it exerts is far above the breaking 
strength of this material. 

Curve 2 of Fig. 7 shows data obtained 
on wire taken from a spare tire, never 

4J. N. Kenyon, “The Rotating-Wire Arc Fatigue 
Machine for Testing Small-Diameter Wire,”’ Proceedings, 
Am. Soc. Testing Mats., Vol. 35, Part II, p. 156 (1935). 

5S. M. Shelton and W. H. Swanger, “Fatigue Proper- 
ties of Steel Wire,” Journal of Research, Nat. Bureau 


Standards, Vol. 14, No. 1, January, 1935, p. 17 (Research 
Paper No. 754). 


endurance value; however, the bead 
wire has outlasted the normal life of the 
tread. 

The results shown in Fig. 8 were 
obtained on wire taken from worn 
retreaded tires as follows: 

Mileage 
Cc Original? Retread 
Willys 77 (’33) 15000 25 000 
Ford Coupe—Model A 20000 11 000 
Ford Coupe—Model A 15 000 18 000 
Ford Coupe—Model A 15000 18000 
Estimated. 
See Fig. 11. 
An examination of tires A and B showed 


that water had penetrated into the 
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Fic. 10.—Pulsating Tension Fatigue Fractures. 
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also badly corroded. The limiting range 
of pulsating stress was somewhat under 
20,000 psi., although the scattering of 
points made the determination of this 
value difficult. See curve 4 of Fig. 8. 
Figure 11 shows steel bead wire braid 
taken from the retreaded tire C. This 
braid was broken in several places and 
seriously corroded. The deterioriated 
condition of the wire did not permit a 
determination of the endurance proper- 
ties with the pulsating tension machine. 

While no general conclusion can be 
drawn from these limited samplings of 
worn automobile tires, it is definitely 
believed that with this pulsating tension 
test method, further investigations may 
reveal important information. 


Fic. 11.—Steel Braid from Worn Retreaded Tire Showing Service Breaks. 


bead, corroding the wire in spots. 
Pulsating tension tests, made on this 
wire gave ranges of stress of approxi- 
mately 16,000 and 20,000 psi., re- 
spectively; obviously the wire is in the 
danger range. See curves 2 and 3 of 
Fig. 8. Broken test specimen fractures 
are shown in Figs. 9 and 10. Note 
that some of the fatigue breaks show 
evidence of deep pitting which is the 
incipient beginning of failure. Bead 
4 taken from the retreaded tire D was 
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Mr. R. L. Temprin.—I think the 
author is to be congratulated on showing 
us another type of fatigue testing ma- 
chine. I hope he will continue this work 
and extend his data somewhat. It 
would seem there is room to carry out 
some of the tests shown by the plotted 
data to a greater number of cycles. I 
do not believe there were any points 
indicated in the dotted portions of the 
curves which were drawn horizontally, 
with the result that there might be some 
question raised as to whether the ap- 
parent guesses as to endurance limits 
were as valid as they would be if he had 
some more data in that region. The 
scatter of the data shown, however, is 
undoubtedly attributable to the type of 
material that he was testing, coupled 
possibly with certain difficulties with the 
machine, which I believe he suggested in 
giving the paper. 

Mp. L. B. TuckerMAN.?—I think this 
machine is not only a new type of fatigue 
testing machine, but a very ingenious 
adaptation of a symmetrical three-phase 
harmonic motion system. What I am 
wondering is whether that cannot be ap- 
plied to complete reversals of stress in a 
machine to handle other types of speci- 
mens so that we can get away from the 
nuisance of large fatigue testing ma- 
chines. I do not know whether it can 
be done, but it would be highly desirable 
to have alternating tension and com- 
pression fatigue machines which used a 
constant torque. 


1 Chief Engineer of Tests, Aluminum Co. of America, 
New Kensington, 

2? Assistant Chief, “Division of Mechanics and Sound, 
National Bureau of Standards, Washington, D. C. 
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Mr. RiIcHArD P. SEELIG.*—Four years 
ago I carried out some tests on aluminum 
wire, and if I had had Mr. Kenyon’s ma- 
chine at that time, the results might have 
turned out differently, and many inter- 
ferences that occurred in wire bending 
fatigue testing could have been entirely 
eliminated. I think this design is a very 
valuable addition to the many fatigue 
testing machines in use. | 

The tests carried out with Mr. 
Kenyon’s machine appear to be very 
surprising. I recently read of some 
tests on machine parts that had run in 
automobiles for several years, and their 
properties did not change to any appre- 
ciable extent. 

Mr.. Joun N. Kenyon! 
closure)—Mr. Tuckerman’s suggestion, 
that the machine might be used for a 
complete stress reversal, is food for seri- 
ous thought. This would call for a type 
of flexible joint which would eliminate 
loose play at the zero or mean stresses. 
It is possible that valuable information 
could be obtained even on small size 
riveted joints and thereby gain time over 
the slower moving reciprocating ma- 
chines. 

I believe Mr. Templin’s points are 
well taken. Some curves are incom- 
plete, but we are building a new machine 
and expect to give more complete data 
sometime in the future. We certainly 
will continue the work. 


*Plant M er, Powder Metallurgy, Inc., Long 
Island City, N N.Y. 

4Instructor in Columbia Uni- 
versity, New York, N 
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THE CREEP STRENGTH OF 17 LOW-ALLOY STEELS AT 1000 F. | = 


By R. F. Mirter,! W. G. Benz! anp W. E. Unverzacr? 


| 


sth... i 

SYNOPSIS 


ae. object of this investigation was to determine the effect of composition 
and heat treatment on the creep strength of the common low-alloy steels 
at 1000 F. 

The creep strength of the carbon-molybdenum steels increases with in- 
creasing molybdenum content both in the normalized and in the normal- 
ized-and-tempered condition. In each composition the creep strength of the 
normalized material is higher than that of the normalized and tempered 
material. At 1000 F. the pearlitic structure resulting from the normalizing 
treatment is more unstable than the spheroidized structure resulting from 
normalizing and tempering. 

The addition of chromium tends to lower the creep strength of carbon- 
molybdenum steel, but this decrease may be partially offset by increasing 
the molybdenum content. The stability of the carbon-molybdenum steels 
is increased by the addition of chromium. 

Titanium or columbium improves the creep strength of chromium-molyb- 
denum steels, but silicon and aluminum affect their creep strength adversely. 

Conservative estimates of creep strength should be based on materials 


having a stable structure. 


Three years ago, examination of the 
data for low-alloy steels in commercial 
use between 800 and 1100F. revealed 
considerable differences in the reported 
creep strength of these steels. These 
discrepancies not only were a source of 
perplexity to engineers, but rendered 
uncertain any deductions as to the effect 
of an alloying element on creep strength. 
We considered it expedient, therefore, 
to redetermine the creep strength of 
some of these steels. 

Since in general the relative order of 
creep strength of the low-alloy steels 
remains the same from 800 to 1100F., 


N. J Research Laboratory, U. S. Steel Corp., Kearny, 


* Metallographist, National Works, National Tube 
Co., McKeesport, Pa. 


it Te ja a broader picture of the 
influence of change of composition and 
heat treatment could be obtained in the 
same length of time by studying a wider 
variety of steels at a single temperature 
than by being restricted to a smaller 
number of steels at a series of tempera- 


tures. Accordingly, a temperature of | 


1000 F. was chosen for the comparison, 
and the same two stresses were used for 
all steels. The stresses, 10,000 and 
15,000 psi., were selected because the 
available data indicated that they ap- 
proximated the creep strength (stress 
corresponding to a creep rate of 0.000001 
in. per inch per hour, or 1 per cent per 
10,000 hr.) of these steels. In some 
cases, however, an additional stress was 


‘employed to permit estimation of the 
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creep strength by interpolation rather 
than by extrapolation, so as to minimize 
the possible large error in any extra- 
polated value. 

The results of this investigation, which 
are summarized in Table V, show closer 
agreement with the data published 
during the past year than had been 
anticipated. There are several reasons 
for this. First, the composition of the 
steels themselves is becoming more 
standardized. Second, while creep test- 
ing methods differ in detail in each 
laboratory, the major precautions to be 
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differences in manufacturing practice 
and composition as still exist, than to 
differences in testing technique. 


Composition of Steels: 


The composition of the seventeen 
steels used in this investigation is given 
in Table I. Thirteen of the seventeen 
steels are standard compositions now in 
commercial use; four (steels A3, A4, C2, 
and C6) are of modified composition, 
included to show the effect of variation 
of the molybdenum content and of the 
addition of columbium. For compara- 


TABLE I.—COMPOSITION OF STEEL. 


Phos- 


Manga- 
phorus, 


nese, 
per cent 


Carbon, 
per cent 


per cent 


Molyb- 
denum, 
per cent 


Other 
Elements, 
per cent 


Silicon, 
per cent 


Sulfur, 
per cent 


3 
4 
5 


0.47 
0.34 
0.43 
0.52 
0.48 
0.32 


eesss 
Corr 


Pree ?? 


ann 


Al 0.58 
Ti 0.47 
Cb0.59 


ASRISE 


observed are now so well recognized that 
substantially identical results on a given 
material are now obtained by practi- 
cally all laboratories; this is shown by 
the cooperative tests on carbon steel 
at 850 F. sponsored by the Joint Re- 
search Committee on Effect of Tempera- 
ture on the Properties of Metals of the 
A.S.T.M. and A.S.M.E2 The differ- 
ences in reported creep strength now 
appear to be attributable rather to 
possible variation in grain size and prior 
heat treatment, and also to such minor 

3C. L. Clark, “Report Covering Creep Tests on 0.35 
per cent Carbon Steel (K20) at 850 F. Under a Stress of 


7500 psi.,’? Proceedings, Am. Soc. Testing Mats., Vol. 38, 
Part I, p. 130 (1938). 


tive purposes, the steels have been 
divided into three groups. 

Group A: Carbon-molybdenum steels, 
with varying molybdenum and man- 
ganese content. 

Group B: 1.25 to 3.25 per cent chro- 
mium steels, with additions of molyb- 
denum, silicon, and aluminum. 

Group C: 5 per cent chromium steels, 
with additions of molybdenum, silicon, 
aluminum, titanium, and columbium. 


Heat Treatment: 


The heat treatment employed for each 
of these steels is shown in Table II. Be- 
cause of the wide variation of composi- 
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tion, it was impossible to use the identi- chromium-molybdenum _ steels. Suit- 
ce 
to cal heat treatment throughout. For able heat treatments, representative of 
example, normalizing may be used for commercial practice, were therefore se- 
TABLE II.—HEAT TREATMENTS. 
on Steel Specimen Heat Treatment 
Group A 
a and b Normalize 1650 F., 0.5 hr., air cool 
° | a candd Normalize 1650 F., 0.5 hr., air cool; temper 1300 F., 5 hr., air cool + 
in a and b Normalize 1650 F., 0.5 hr., air cool; temper 1300 F., 5 hr., air cool 
2 
n a and b Normalize 1650 F., 1 hr., air cool; temper 1380 F., 4 hr., furnace cool 
’ a and b Normalize 1650 F., * thr. air cool; temper 1380 F., 4 hr., furnace cool 
yn a Anneal 1550 F., 1 ‘br. furnace cool 
b, candd Normalize 1650 F., 1 ‘hr., air cool; temper 1380 F., 4 hr., furnace cool 
he a and b Normalize 1750 F., 1.5 hr., air cool; temper 1375 F., 2 hr., furnace cool 
a, bandc Anneal 1600 F., 2 br., furnace cool 
‘a- a, bandc Normalize 1550 F., 3 hr., air cool 
a and b Anneal 1600 F., 2 hr., furnace cool 
c,d ande Normalize 1600 F., 1 hr., air cool; temper 1380 F., 4 hr., air cool 
a and b Normalize 1650 F., 0.5 hr., air cool; temper 1380 F., 4 hr., air cool 
a, bandc Anneal 1600 F., 2 hr., furnace cool 
a, bandc Normalize 1550 F. ., 3 hr., air cool 
a and b Temper 1380 F., 4 hr., air cool 
a,bandc Temper 1380 F., 4 hr., air cool 
d Anneal 1600 F., rs hr., "furnace cool 
TABLE III.—GRAIN SIZE. 
Grain Size Number, ASTM 
Code Heat Treatment, deg. Fahr.* 
Ferrite Austenite 
1650 N 6-7 
1650 N 1300 T 8-9 7-8 6-7 
1650 N 8-9 7-9 8-9 
1650 N 1300 T Piety 8-9 7-9 8-9 
1650 N 9 Below A; temp. 2-3; 6-7 
1650 N 1300 T 9 Below A; temp. 2-3; 6-7 
1650 N ae 8-9 Below As temp. 8-9 
1650 N 1300 T 8-9 Below As temp. 8-9 
1650 N 1300 T 8-9 8 1-3; 7-8 
1650 N 1380 T 8-9 5 5-6 
1650 N 1380 T 10 7-9 7-8 a 
en 1550 An Below A; temp. 46 | 
1650 N 1380T 9 Below As temp. 46 
1750 N 1375 T 9-10 4, 6- 6-7 
1600 An 10 Below As temp. 5-7 
AS, 1550 N 8 Below Az temp. 7-8 
1600 An 8-9 7-9 1-8 
1600 N 1380 T Doz. 9-11 7-9 7-8 
1650N 1380T 9-11 7-8 7-8 
1600 An 10-11 Below Az temp. 6-7 
1550 N 7-8 Below A; temp. 7-8 
Hot rolled and 1380 T 8-9 Below Ai temp. 7-8 
Hot rolled and 1380 T Below A: temp. 8-9 
-12 
‘ls, Wbsnepcekbasvicckiseades 1600 An 10 Below As temp. 8-9 
yn, * The following terms and abbreviations are employed: 
N = normalize—air cool from top heat-treating temperature. ee 7 
An = anneal—furnace cool from top heat-treating temperature. 
T = temper—reheat below lower critical temperature. y : 
ich carbon-molybdenum steels without un- lected. The material was heat treated 
3e- due air hardening, but it will produce in the form of 1-in. rounds; after heat ; 
\si- a marked increase in the hardness of treatment, coupons were cut from the 7 
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TABLE IV.—TEST DATA, 1000 F. CREEP TESTS. 


Creep data for individual time intervals, or other data not included in this table, will be supplied on request by t 
Research Laboratory of the U. S. Steel Corp. 


Creep 
Stress, psi. 


Duration 
of Creep 
Test, hr. 


Creep Rate 
During 
Last 1000 
hr., 0.000001 
in. per inch 


Brinell Hardness 


Charpy 
ct Strength, 


per hour 
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pare bom are averages of two tests. When results are in wide disagreement the second test value is indicated in 
nthesis. 

The creep rate exceeded the capacity of the apparatus; other tests were run for longer times under | tresses to 
supply data necessary for determination of stress fer desired creep rate. . en ane iee 


: 
q+ 
- end: 
| was 
| mer 
fore After Before 
are | Creep Creep Creep | Creep of 
7) | | Test | Test | Test | Test stre 
| | | two 
a........] 15000 5000 | | 131 | 134 39 34 lo 
on b........} 10.000 3200 | | 13 134 pio} 
¢........| 15.000 3100 | 116 | 128 40 37 
d........] 10000 | 3000 | 116 | 114 | 40 | 40 
- 15 000 | 4150 | 146 179 39 33.5 
15.000 2900 | m3 | 1397 | 4 a 
d........] 10000 3300 | 143 | 140 42 41 
| 
b........| 10000 3000 167 201 26.5 | 25 
C........| 15000 3000 | 163 163 2 31.5 
d........) 10000 2000 | 163 | 174 29 32.5 Al. 
a........| 15.000 3000 | 152 | 212 a2 AD. 
b........| 10000 3000s! | 352 223 eo. bs 
15 000 3000 173 167 | 38.5 
a........| 15000 3000 | | 152 156 38 | 36 
, | b........| 10000 | 2400 | 152 152 38 33 
AS. 
Group B | 
css a........) 15000 | 1900 141 131 49 45 BI 
- b........] 10000 | 3000 141 134 49 45 
a........| 15000 | 3000 159 167 B2. 
b........| 10000 3000 159 | 163 | 46 42.5 B3. 
10.000 3000 | 146 | 152 36 33 
4 2300 | 146 «(137 36 35 
} 
a........| 15.000 3000 | | 163 | 40.5 | 27 
b........| 10.000 3000 | | 181 179 40.5 | 26 
@........| 15000 300° 170 170 31 26 C2 
b........] 10000 3000 170 170 i C3. 
c........| 7.500 3000 | 170 167, | «(31165 
ig Q........{ 15.000 2008 163 159 | 21 (2) | 27.5 C6 
1000° 163 170 21 (2) 26.5 
c........| 6500 3000 163 156 21 (2) 25.5 
| (1.5) 
Group C 
a........| 15000 200° 136 134 « 
b........| 10000 2000 136 146 38 31.5 ti 
C........| 15000 1000° 191 174 50 45 
re d........] 10.000 3000 191 172 50 aia st 
e........) 7000 3000 191 179 50 43 ii 
a........| 15000 202 174 39 
b........| 10.000 2200 | 202 35° al 
a........| 15000 500° | 170 | 170 | 38 35.5 te 
b........| 10000 2200 | 170 167 | 38 23.5 
3000 | | 170 170 | 38 28 | 
B........| 15.000 200° | | 154 163 | St 46.5 
b........| 10.000 1700 154 149 Sit 40 (1.5) h 
2200 154 152 51 a 
b.....--.| 10000 2200 149 126 52 43 
a........| 15000 2000 169 16 | | 36 
b........| 10.000 2000 169 149 49 43 
€........| 20.000 1500 169 163 49 
15 000 900 140 | ae |. 


On CREEP STRENGTH OF LOW-ALLOY STEELS AT 1000 F. 


ends of the 8-in. bars for determination 
of microstructure, and the remainder 
was machined to form the creep speci- 
men. 

In order to study further the effect 
of different heat treatments on creep 
strength, discussed in a previous paper,’ 
two separate heat treatments were em- 
ployed for group A and for certain of the 
steels of groups B and C. 


ferritic condition. The austenite grains 
are those produced at the maximum heat 
treating temperature for each steel. 
The austenite grain size was determined 
on separate coupons of each:steel, 1 in. 
in diameter by 0.25 in. thick, which 
were quenched in brine from the heat- 
treating temperature and then slightly 
tempered to improve definition of the 
austenite grains. It will be noted that 


TABLE V.—CREEP STRENGTH AT 1000 F. 


Heat Treatment, deg. Fahr. 


Stress for Creep Rate of 0.000001 in. per inch per hour, psi. 


Kearny Other Laboratories 


1650 N 1300 T 
1650 N 1300 T 


{8 400 (B & W) 
10 800 (Timken) 
600 (B & W) 


| 


1650 N 1380 T 
1650 N 1380 T 


1650 N 1380 T 
1750 N 1375 T 


11 000 (B & W) 
11 000 (Timken) 
16 350 (B & W) 
22 000 (Timken) 


8 700 (Timken) 
8 400 (Timken) 


8 900 (Timken) 


10 100 (Timken) 
9 725 (Climax) 


10 000 (Climax) 
8 700 (Timken 
7 600 (Timken 

13 000 (B & W) 


{9 Timken 


* Stable structure. 


For the purpose of facilitating correla- 
tion of the data, the grain size of the 
steels was observed, and the results are 
listed in Table III. The ferrite grains 
are those existing in the steel at room 
temperature after the final heat treat- 
ment and before creep testing, deter- 
mined on the coupons cut from the 
heat-treated bars before machining. All 
of the steels are fine-grained in the 


, {2 F. Miller, R. F. Campbell, R. H. Aborn and E. C. 
Wright, “Influence of Heat Treatment on Creep of Carbon- 
Molybdenum and Chromium-Molybdenum-Silicon Steel,” 
Transactions, Am. Soc. Metals, Vol. 26, p. 81 (1938). 


the ferrite grain size is proportionate to 
and slightly smaller than the austenite 
grain size. The McQuaid-Ehn grain 
size is the size of the austenite grains 
produced in the carburized surface layer 
of separate coupons of each steel (1 in. 
in diameter by 0.5 in. thick) after car- 
burizing for 8 hr. at 1700 F. followed by 
furnace cooling. Therefore, the Mc- 
Quaid-Ehn grain size is not the same as 
the austenite grain size in the steel as 
heat treated for creep testing. A com- 
plete definition of these terms for grain 
size and the method of their determina- 
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tion is contained in a recent paper by 
Vilella.® 

No change of ferrite grain size was 
noted in any of the specimens after 
exposure to the creep test. 


Creep Strength at 1000 F.: 


The creep testing apparatus employed 
in these tests has been described in 
previous publications.*® During the 
course of this testing program, an im- 
proved creep measuring microscope was 
developed and installed, which has a 


20000 


Creep Strength, 


\ 


5000 
10000 | 


5 000 


0 
Molybdenum Content, per cent 


Ps 1.—Effect of Molybdenum Content on 
of Carbon-Molybdenum Steels 
at 1 F. (Group A). 


sensitivity of + 0.00002 in. and a maxi- 
mum precision of + 0.00001 in. per 
inch (+ 0,001 per cent). The speci- 
mens have a diameter of 0.505 in. and a 
gage length of 2.3 in. 

The temperature variation over the 
gage length of the specimen is +1F. 
and the control is +1.5F. The irregu- 
larities in the extension measurements 
and hence in the creep curves were of 


5 J. R. Vilella, Grain Size of Steel,”” Mechanical 
Engineering, Vol. "62, No. 4, April, 1940, pp. 293-307. 
6 Richard F. Miller, “The Strength ¢ of Metals at Ele- 
vated Temperatures,” Mechanical Engineering, Vol. 61, 
No. 8, August, 1939, p. 589. 
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about the same order of magnitude as 
the changes in length produced by the 
+1.5 F. fluctuation of the temperature 
in the furnace. All creep tests were 
carried out in conformity with the 
A.S.T.M. Tentative Method of Test for 
Long-Time (Creep) High-Temperature 
Tension Tests of Metallic Materials 
(E 22 38 T).? 

The stress employed for each in- 
dividual specimen, the duration of the 
test, and the creep rate during the last 
1000 hr. of each test are listed in Table 
IV. From these data, the creep strength 
(stress for a creep rate of 0.000001 in. 
per inch per hour) of each steel has been 
calculated, as is shown in Table V. 

The creep strength of the carbon- 
molybdenum steels increases with in- 
creasing molybdenum content, both in 
the normalized and in the normalized- 
and-tempered condition, as shown in 
Fig. 1. For each composition, the creep 
strength of the normalized material is 
higher than that of the normalized-and- 
tempered material. However, the nor- 
malized material is less stable than the 
normalized-and-tempered material, and 
the creep strength of both may become 
the same after a prolonged exposure to 
a temperature of 1000 F. The topic of 
stability of microstructure is discussed 
more fully in the next section. Increase 
of carbon and manganese content appears 
to cause a slight increase in the creep 
strength of normalized-and-tempered 
carbon, 0.5 per cent molybdenum steel, 
as seen from a comparison of steels Al 
and A5, Table V. 

Figure 2 shows graphically the effect 
on creep strength of change of composi- 
tion of similarly heat-treated chromium- 
molybdenum steels. The creep strength 
of normalized-and-tempered steel con- 
taining 2 or 5 per cent chromium is en- 


7 1939 Book of A.S.T.M. Standards, Part I, p. 1261. 
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hanced by raising the molybdenum 
content from 0.5 to 1 per cent; but it is 
lowered by raising the chromium from 
2 to 5 per cent. A similar lowering is 
observed when the chromium content of 
normalized chromium-molybdenum-sil- 
icon-aluminum steel is raised from 3 
to 5 per cent. On the other hand, in- 
crease of chromium from 3 to 5 per cent 
resulted in little change of the creep 
strength of annealed steel containing 0.5 
per cent molybdenum and 1.5 per cent 
silicon. 
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aries where they are presumably less 
effective in strengthening the material. 

The creep strength of steel B3 was 
found to be 7800 psi. at 1000 F., con- 
siderably lower than that, 22,000 psi., 
reported by another laboratory. Conse- 
quently, a sample of steel B3 was heat 
treated (annealed) in the manner re- 
ported to have been employed in obtain- 
ing the higher creep strength, and this 
sample was tested at a stress of 22,000 
psi. The creep rate during the last 
1000 hr. of this test was 0.000024 in. per 


| 


B5 
05 Mo.-1.5 Si 


2 


Chromium Content, per cent 


Fic. 2.—Effect of Chromium Content on Creep Strength of Chromium-Molybdenum Steels at 
1000 F. (Groups B and C). 


Steels B3 and B4 both contain chro- 
mium, molybdenum, and silicon, were 
similarly heat treated, and have a 
similar grain size. The slightly higher 
alloy content of B4 results in a con- 
siderably more creep-resistant material. 
A possible reason for this enhanced creep 
strength is that this small change in 
composition markedly increases the air- 
hardening propensities of this type of 
material; in other words, the nor- 
malizing and tempering heat treat- 
ment yields a different microstructure 
in the two steels. In steel B4, the car- 
bide particles are found to be fine and 
uniformly distributed, while in steel B3 
they have coalesced at the grain bound- 


3 4 5 6 


inch per hour, a rate so rapid that the 
lower value was confirmed as being a 
safer estimate of its creep strength. 
Remarkably good results were ob- 
tained with steels C5 and C6 in the hot- 
rolled and tempered condition. Steel 
C5 shows a creep strength of 11,500 psi. 
as compared to 6600 psi. for the same 
steel (C1) in the normalized-and-tem- 
pered condition without titanium. 
Steel C6 has a creep strength of 16,400 
psi., the best of any steel tested except 
the. normalized carbon-molybdenum 
steel A4, which has a creep strength of 
18,800 psi. The creep rate under a 
stress of 15,000 psi. at 1000 F., of steel 
C6 in the annealed condition was ob- 
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Method of Indicating 
Stability of Microstructure An- Anneal | 
OOO F. N Normalized 


Temper. 
Normalized and Temper 
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Steel C4 Cl B6 B3 B5 C3 Cl Bi Al C2 B4 C5 Al AS A2 A?2 B2 
Heot TreatmentN N&T N N&T An An An N&TN&TN&TNGT T NN&TN&T N N&TN&TN TON 


Increasing Creep Strength —> 


Fic. 3.—Steels Plotted in Order of Increasing Creep Strength Showing Relative Stability of 
Microstructure During Creep Test at 1000 F. 


a 


7 


af 


(a) Before creep test, ferrite and pearlite, 146 Brinell. (b) After creep test spheroidized pearlite and shower 


= of complex molybdenum carbide in ferrite, 179 
rinell. 


Fic. 4.—Change of Microstructure of Normalized Steel A2 After 3000 hr. Exposure to Creep Test at 
1000 F. (X 1000). 
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served to be 0.000042 in. per inch per 
hour, but in the hot-rolled and tempered 
condition to be only 0.00000028 in. per 
inch per hour; this is about 150 times 
less rapid. Although the creep strength 
of steel C6 is lower in the annealed than 
in the hot-rolled and tempered condi- 
tion, it is still above that of the same 
steel without’ columbium. This is 
demonstrated by a comparison of the 
creep rates of steels C1 (without colum- 
bium) and C6 (with columbium) in the 
annealed condition under a stress of 
15,000 psi. (0.000094 and 0.000042 in. 
per inch per hour, respectively). 

In general it may be said that, except- 
ing the titanium- and columbium-bearing 
steels, the creep strength of the steels in 
group C is somewhat lower than that of 
the steels in group B, while that of group 
B is somewhat lower than that of 
group A. 


Stability of Microstructure: 


The microstructure of all of the speci- 
mens was examined, both before and 
after creep testing, and the observa- 
tions regarding the relative stability of 
the microstructures of these steels at 
1000 F. are summarized in Fig. 3. The 
change of microstructure observed in a 
given steel with a given heat treatment 
seemed to be unaffected by the stress, 
and to depend solely on the duration of 
its sojourn at 1000 F. 

The most pronounced change of 
microstructure was found in the normal- 
ized carbon-molybdenum steels of group 
A. An example of this change of micro- 
structure due to exposure to the creep 
test is shown in Fig. 4. There was a 
moderate change in the normalized-and- 
tempered carbon-molybdenum steels, 
and in the annealed steel B3. In the 
other chromium-molybdenum steels of 
groups B and C there was a very slight 
change, or no visible change at all. It 
is thought that the superior stability of 


the steels of groups B and C as -com- 
pared to those in group A may be 
ascribed to the chromium content, be- 
cause both in the pearlitic and in the 
spheroidized condition, additions of 
chromium increased the stability of the 
microstructure. 

Structures that are unstable at 1000 F. 
may be so altered by heating for a few 
hours at about 1300 F. that they will 
remain essentially unchanged however 
long they are exposed to the lower tem- 
perature of 1000F. In other words, 
the same amount of structural change 
may be brought about in a few hours at 
the higher temperature that would have 
taken thousands of hours at the lower 
testing temperature. 

Examination of Fig. 3 shows that in 
general the steels with the highest creep 
strength are the ones with the least 
stability. Also, that when two heat 
treatments are used for the same steel, 
the more stable structure has the lower 
creep strength. If the creep tests had 
been run long enough at 1000 F. to per- 
mit the same change of structure which 
was produced by the subcritical heating 
(tempering) before creep testing, it is 
probable that the high creep strength 
data would not have been obtained. 
In this case, even 3000 hr. was not long 
enough to disclose the magnitude of the 
decrease of creep strength which would 
be encountered. 

The design engineer would be well ad- 
vised to inquire whether the micro- 
structure of a steel he is considering for 
a given application is stable at the 
operating temperature, since the creep 
strength quoted for a given steel may 
represent a transitory condition and over 
a period of time the creep strength of the 
material may decrease considerably. 
Conservative estimates of the creep 
strength of a given material should be 
made on the basis of a structure known 
to be stable at the service temperature. 
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ing, is listed in Table IV. 
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Impact Strength and Hardness: 


The impact strength of the steels, as 
determined before and after creep test- 
In order to 
determine the impact strength of the 
steels before creep testing, specimens of 
each steel 1 in. in diameter by 4 in. long 
were heat treated in the same manner as 
the creep specimens, and two duplicate 
Charpy keyhole impact specimens were 
then machined from each bar. Since 
the creep specimens from which the 


keyhole Charpy impact specimens were. 


machined after creep testing had a 
diameter of 0.505 in., it was necessary 
to employ the substandard, two-thirds 
size specimen (hereafter called the 
“modified” Charpy impact specimen), 
which has a cross-section measuring 63 by 
10 mm. instead of 10 by 10 mm. 

The only significant effect on impact 
strength which could be attributed to 
composition occurred in steels B6 and 
C4, The initial heat treatment of these 
materials resulted in exceedingly coarse 
ferrite grains (A.S.T.M. No. 0 to 2) in 
the outer portions of the bar stock. 
Even though an attempt was made to 
machine off this coarse-grained skin in 
the preparation of the creep specimens, 
it is believed that some of this coarse- 
grained material was included in two of 
the impact specimens of steel B6 and in 
one of the impact specimens of steel C4, 
resulting in the abnormally low modified 
Charpy impact values of 1.5 and 2.0 ft-lb. 
No consistent trend in impact values 
could be attributed to differences in the 
heat treatment of individual steels. 

Exposure of the steels to a tempera- 
ture of 1000 F. for 3000 hr. caused little 
if any change in the impact strength of 
the carbon-molybdenum steels in group 
A. Steel A4 was an exception; in the 
normalized condition, the modified 
Charpy impact strength decreased from 
42.0 ft-lb. in the initial material to 18.5 
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and 6.0 ft-lb. after creep testing under 
15,000 and 10,000 psi., respectively. 
This may be associated with the corre- 
sponding increase in hardness from 152 
Brinell to 212 and 223 Brinell. The 
chromium-molybdenum steels in groups 
B and C show a tendency toward lower 
impact strength after creep testing, and 
the decrease is more pronounced in the 
steels containing silicon. 

The hardness of the steels was deter- 
mined before creep testing on the micro- 
structure coupons cut from the heat- 
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Fic. 5.—Effect of Molybdenum Content on 
Hardness of Carbon-Molybdenum Steels Before 
and After Creep Testing at 1000 F. (Group A). 


treated bars before machining the creep 
specimens. The hardness of the speci- 
mens after creep testing was measured 
on the broken impact specimens which 
were machined from the creep speci- 
mens. The values are listed in Table 
IV. The hardness of the normalized 
carbon-molybdenum steels (group A) in- 
creases with increasing molybdenum 
content except in steel A4, which con- 
tains only 0.13 per cent carbon. A 
marked increase in the hardness of these 
normalized carbon-molybdenum steels 
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occurs during creep testing as shown 
graphically in Fig. 5. It will also be 
seen that the hardness of the normalized 
and tempered carbon-molybdenum steels 
increases with increasing molybdenum 
content, but that in this condition there 
is very little change after creep testing. 

In the chromium-molybdenum steels, 
the only significant trend attributable to 
change of composition is that an increase 
of molybdenum content in steels con- 
taining 2 or 5 per cent chromium results 
in an increase in hardness, both before 
and after creep testing. 

After exposure to the creep test at 
1000 F., the chromium-molybdenum 
steels of groups B and C show either a 
slight decrease of hardness, or no change. 


Summary: 


The creep strength (stress for a creep 
rate of 0.000001 in. per inch per hour) 
of the carbon-molybdenum steels in- 
creases with increasing molybdenum 
content, both in the normalized and in 
the normalized-and-tempered condition 
(Fig. 1). In each composition, the 
creep strength of the normalized material 
is higher than that of the normalized- 
and-tempered material. However, the 
pearlitic structure resulting from the 
normalizing treatment is unstable at 
1000 F., and the lower creep strength of 
the more stable normalized and tempered 
materials represents a more conservative 
estimate of their creep strength. In- 
crease of manganese and carbon content 
appears to increase slightly the creep 
strength of normalized-and-tempered 
carbon, 0.5 per cent molybdenum steel. 

The addition of chromium tends to 
lower the creep strength of carbon- 
molybdenum steels (Fig. 2). However, 
this decrease may be partially offset by 
increase in the molybdenum content. 
Chromium increases the stability of car- 
bon-molybdenum steels. The _ steel 
having the highest creep strength and 


at the same time a stable microstructure 
is B2. 

The creep strength of the chromium- 
molybdenum steels is affected adversely 
by the addition of silicon and aluminum. 

Addition of titanium or columbium 
to chromium-molybdenum steel im- 
proves its creep strength in the hot- 
rolled and tempered condition. How- 
ever, a single test on the chromium- 
molybdenum-columbium steel in the 
annealed condition indicates that this 
improvement may depend on an initial 
heat treatment yielding a_ structure 
whose permanence is unknown. 

A list of published values for the creep 
strength of some of the steels included 
in this program may be found in Table V. 
The values agree in general with those 
found in the present investigation, ex-~ 
cept in the case of steel B3. The 
improvement in creep strength brought 
about in chromium-bearing steels by 
increase in the molybdenum content is 
confirmed by recent work of other in- 
vestigators.* It is our conclusion that 
if the analyses of the steels alluded to in 
the published data were within the 
range given by the A.S.T.M. specifica- 
tions, and if the heat treatment and 
grain size of the steels were known and 
reproducible, it would now be possible 
to correlate creep test data obtained in 
different laboratories within 2000 psi. 
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Mr. Ernest L. Rosinson.'— This 
paper represents a welcome volume of 
creep test work. Toward the end the 
authors caution designing engineers to 
avoid the use of short-time creep data 
on unstable materials. The writer 
wishes to express his agreement with 
this statement and add a word as to 
its importance. 

It seems fairly plain that long-time 
information is necessary on any material 
which undergoes gradual change in its 
metallurgical characteristics during its 
period of service. However, the im- 
portant thing is its long-time strength. 
While the materials presented here for 
the most part deteriorate with time, 
some other materials are known to 
improve. Furthermore, a material 
which deteriorates with time may be so 
outstandingly better at the beginning 
as to give it greater strength through- 
out the intended periods of service as 
compared with a weaker material less 
subject to change. Only long-time tests 
can provide the answer to these ques- 
tions. 

All the materials tested by the authors 
are, according to them, very fine- 
grained. It seems very likely that a 
coarser-grain treatment would have 
given improved creep strength at 1000 
F. However, it is uncertain as to just 
what is meant by grain size without the 
benefit of the actual micrographs. Fur- 
thermore, all the materials dealt with 
are alloy steels, whereas the Vilella 
article referred to dealt only with plain 
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DISCUSSION 


carbon steel and specifically avoided the 
discussion of the grain size ‘of alloy 
steels. 

If each specific material had been 
given the benefit of its best treatment, 
the conclusions arrived at as to the 
relative creep strengths might have 
been quite different. There is good 
reason to believe that in many of these 
compositions the heat treatment is 
more important than the precise per- 
centage of alloy. 

Another matter that is very impor- 
tant is the fact that the authors have 
used loadings much too high for ordi- 
nary working stresses, and consequently 
it is uncertain whether or not they may 
be reliable as guides for determining 
working stresses. The A.S.T.M.- 
A.S.M.E. Creep Data volume expresses 
creep in millionths of the length per 
hour. The authors of the present 
paper have chosen a unit creep rate of 
this magnitude for the determination of 
their nominal strength. In the opinion 
of the writer a creep rate 100 times 
slower would be more appropriate. 
Thus, the nominal strengths given in the 
paper correspond to what is ordinarily 
spoken of as a rate of creep of 10 per 
cent per 100,000 hr., and this figure 
is likely to be well above the stress 
which will cause rupture at the end of 
100,000 hr. 

While the various test points are 
given in the paper, it is necessary for the 
reader to plot the information in order 
to find out what the indicated creep 
strengths would be for a rate of 1 per 
cent per 100,000 hr. When this is done, 
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it is noted that in every case extrap- 
olation is required to determine this 
value. There is good reason to believe 
that extrapolation to still lower values 
is not well justified. 

However, comparison on the basis of 
a creep rate of 1 per cent per 100,000 
hr. is illuminating. Considering the 
carbon molybdenum steels in group A, 
the weakest of all is material A3 con- 
taining 1.36 per cent of molybdenum 
which was one of the best as presented 
by the authors. On the other hand, 
their poorest material, Al containing 
0.56 per cent of molybdenum, becomes 
one of the best when rated with refer- 
ence to a creep rate of 1 per cent per 
100,000 hr. 

Considering group B, the outstand- 
ing differences in creep strength for 
a 10 per cent rate disappear when the 
nominal strength is based upon rate of 
creep of 1 per cent per 100,000 hr. 
The whole lot ranges in value from 
5000 for B2 and B3 to 6300 for B1. 
When the materials which show such 
outstandingly high strength for a 10 
per cent rate fall off so rapidly when 
compared on the basis of a 1 per cent 
rate, it seems likely that they might be 
found particularly weak when still 
lower rates of creep are required. 
This just goes to show how difficult it 
is to select material of good quality 
when the tests are conducted under 
conditions departing widely from service 
loadings. 

In group C materials, containing 5 
per cent of chromium and 0.5 per cent 
of molybdenum, with additions, C6 
is described as outstandingly strong. 
In order to arrive at the figure given in 
Table V it is necessary to consider the 
favorable specimen a in the tempered 
condition and to neglect the specimen 
6 in which the resulting creep rate with 
a stress of 10,000 psi. was equal to that 
with specimen a at 15,000 psi. Doubt- 
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less the authors have a good reason to 
discount specimen 6 but it seems neces- 
sary to point out that if the line on the 
log-log plot is drawn in the more con- 
servative location, through specimen }, 
the corresponding entry in Table V 
would be 12,500 psi. and with the 
steeper slope the material would not 
be so good as C5 on the basis of 1 per 
cent per 100,000 hr. 

The writer recommends that in future 
the authors conduct their tests at load- 
ings more nearly approaching what 
would be reasonable for service. 

Mr. M. B. Hiccrns.?—I was pleased 
that the results were presented by con- 
verting the determinations to a rate of 
creep of 1 per cent in 10,000 hr. Asa 
rule creep data are presented to the 
engineer by giving percentage of elonga- 
tion, but are not converted down to the 
common basis of 10,000 or 100,000 hr. 
As Mr. Robinson stated, there may be 
some question as to the method used by 
engineers in applying these figures 
properly. I have one question, and 
that as a matter of information: Is it 
safe to use the rate of creep and elonga- 
tion over the last 1000 hr. only when 
converting laboratory determinations 
to rates per fixed time? 

THE CHAIRMAN (Mr. H. J. French*).— 
I should appreciate having the authors 
give their definition of ‘stable struc- 
tures.” Their use of the term ‘“‘stabil- 
ity” may differ somewhat from that 
which has been current in recent years. 

The old idea with respect to high- 
temperature creep properties revolved 
about a spheroidized carbide, but I 
suspect that Mr. Miller and his asso- 
ciates use the term “‘stability”’ to define 
an unchanging structure within the 
time intervals of exposure, whether or 
not the carbides become spheroidized. 


2 The Texas Company, New York, N. Y. 
3 In Charge, Alloy Steel and Iron Development, The 
International Nickel Co., Inc., New York, N. Y. 
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This point may be important in in- 
terpretation of the authors’ results. 

Mr. A. J. Herzic.*—I should like 
to ask the authors this question: In 
view of the fact that there is so much 
interest in this precipitation problem, 
what work has been done to identify 
the precipitate which is revealed in their 
metallographic examinations? 

Mr. J. M. Lessetts.'—Reference 
might well be made to the work of 
Inglis* who compared impact values 
before and after subjecting the material 
to high- temperature conditions. A com- 
parison of the two sets of data might be 
of interest. 

Mr. C. L. CrarKk’ (by letter). 
It is gratifying to see, from Table V of 
the paper, the close agreement in the 
creep results from the different labora- 
tories for the majority of steels consid- 
ered. This represents an entirely differ- 
ent situation from that which existed a 
few years ago. Furthermore, if more 
complete information were available 
with respect to all of the steels, and es- 
pecially with respect to their micro- 
structures in the as-tested condition, 
it is believed that the variations which 
are present in certain of the results could 
be readily explained. 

As an example, steel B3 may be con- 
sidered. This is the one for which the 
authors obtained a stress value of 
7800 psi. as compared to our previously 
reported stress of 22,000 psi. The 
ferritic grain size of the authors’ speci- 
mens is reported in Table III as being 9, 
while the McQuaid-Ehn grain size is 
4-6. The authors submitted to us 


4Chief Metallurgist, Climax Molybdenum Co. of 
Michigan, Inc., Detroit, Mich. 

5 Associate Professor of Mechanical Engineering, 
Engineering De Massachusetts Institute of Tech- 
nology, Cambri a ” Mass. 

®N.P. Inglis, ‘“The Relationship Between Mechanical 
Tests of Materials and Their Suitability for Specific 
Working Conditions,” Transactions, North East Coast 
Inst. Engrs. and Shipbuilders, Vol. 53, 1936-1937, pp. 101- 
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‘specimens of this same heat in sup- 


posedly the same condition of heat 
treatment, that is, normalized from 
1650 F. followed by a 4-hr. temper at 
1380 F., and the microstructure, given 
in the accompanying Fig. 1, shows the 
predominating ferritic grain size to be 7. 
Our creep stress for these particular 
specimens, was 10,000 psi., as compared 
to the authors’ 7800 psi. This difference 
of 2200 psi. is believed to be mainly 
due to the difference in ferritic grain 
size, 7 as compared to 9. 

The structure of the specimen which 
possessed the creep strength of 22,000 
psi. is shown in the accompanying Fig. 2. 
This structure was obtained by finish 
hot working at a sufficiently high tem- 
perature to produce a coarse grain fol- 
lowed by cooling (in air) at a rate to 
preserve the Widmanstaetten type struc- 
ture. The steel was then annealed, as 
indicated, from 1550 F. which, for the 
particular composition considered, was 
just below the upper critical range. 
The structure of this same steel after 
annealing from 1650 F. is shown in the 
accompanying Fig. 3. 

The superior creep resistance of this 
steel in the annealed from 1550 F. 
condition is due not only to its coarse 
grain but also to its Widmanstaetten 
type structure and, of the two, this 
latter is believed to be the most effec- 
tive. For this steel, at least, this struc- 
ture possesses good stability at 1000 F., 
for the room temperature tension, im- 
pact, and hardness characteristics of the 
completed 1000 F. creep specimens were 
practically identical to those of the 
original steel. 

In reviewing the results for certain 
of the other steels, a question arises with 
respect to why certain of the heat 
treatments were employed and as to 
the procedure used for determining 
stability at 1000 F. For example, the 
tempering temperature used for B4 
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was slightly lower than that forthe lower Bi, B2, and B3. Likewise the struc- 
alloy steels of this same general type, ture of Steel B4 is shown, in Fig. 3 
and the time of tempering was 2 hr. of the paper, to undergo only a slight 


Fic. 1.—0.14 per cent Carbon, 0.84 per Fic. 2.—0.07 per cent Carbon, 0.72 per cent 
cent Silicon, 1.25 per cent Chromium, 0.54 _ Silicon, 1.25 per cent Chromium, 0.54 per cent 
per cent Molybdenum Steel. Molybdenum Steel. 

Normalized at 1650 F., tempered at 1380 F. (4 hr.). Annealed at 1550 F. 1000 F. creep strength; 22,000 


vay to creep strength; 10,000 Ib. for 0.000001 per cent Ib. for 0.000001 per cent per hour. 
per hour. 


Fic. 3.—Same Steel as in Fig. 2 but Annealed from 1650 F. Rather than 1550 F. 


rather than4. This treatment imparted change after the creep tests at 1000 F. 
to steel B4 a Brinell hardness of 180 yet the impact resistance has been re- 
as compared to 140 to 160 for steels duced nearly in half and the hardness 
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of one specimen decreased 18 points. 
On the other hand, certain of the steels 
indicated in Fig. 3 as undergoing marked 
changes do not show as pronounced 
changes in impact resistance or in hard- 
ness. 

With respect to the compositions of 
certain of the modified 4 to 6 per cent 
chromium-molybdenum type _ steels 
which were considered, Table I, the 
titanium content is slightly greater 
than nine times the carbon content, 
while the columbium content is some- 
what greater than six times the carbon 
content. This is just the reverse of the 
manner in which these two alloying 
elements are usually added and I 
wonder whether the authors have in- 
formation which would show that their 
procedure, rather than that generally 
used, is preferable. 

Messrs. R. F. MILier,? W. G. 
BENz® AND W. E. UNVERzAGT® (A uthors’ 
closure by letter)—The authors wish to 
express their appreciation for these 
comments and suggestions. 

In regard to the discussion presented 
by Mr. Robinson, it may be that a 
coarser grain size would have resulted 
in higher creep strength in these alloys. 
However, we feel that the whole subject 
of the influence of grain size on creep 
strength has been somewhat oversim- 
plified in the past. Evidence is accu- 
mulating that grain size in itself does not 
control the creep strength of a given 
steel; the distribution of the phases 
within the individual grains may cause 
as much change of creep strength as 
change of grain size or change of com- 
position. Furthermore, unless the man- 
ufacturing practice and actual composi- 
tion of a given steel are altered, it may 
be impossible to increase the grain size 


8 Research Laboratory, U. S. Steel Corp., Kearny, 


: 9 Metallographist, National Works, National Tube 


Co., McKeesport, Pa. tA 
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without using a heat treatment which is 
commerically impractical. 

While we would like to know the best 
heat treatment for each of the steels 
tested in this program, such an investiga- 
tion for -even a single steel is most time 
consuming, and our present study was 
necessarily confined to the determination 
of the creep behavior of these steels in 
the condition of heat treatment in which 
they are sold commercially. We have 
already carried out a comprehensive 
investigation of the influence of heat 
treatment on the creep strength of 
carbon-molybdenum ssteel,!® and _ the 
fundamental principles derived therein 
may be applied to other alloys. 

Mr. Robinson has called us to task 
for determining creep rates higher than 
those in which he is interested. The 
permissible total plastic deformation 
in the life of a turbine must be very 
small, and hence the creep rates of in- 
terest to turbine engineers are very low. 
However, high-temperature tubing is 
used under conditions where a larger 
amount of flow is permissible, and the 
stress for a creep rate of 1 per cent per 
10,000 hr. is an ac_epted basic design 
figure employed for a _ considerable 
tonnage of steel in elevated temperature 
applications. 

Stress-creep rate data do not neces- 
sarily lie on a straight line by any 
method of plotting, and extrapolation 
should be avoided. 

In order to check the creep strength 
of the 5 per cent chromium-molyb- 
denum-columbium steel C6, in the hot- 
rolled and tempered condition, an 
additional creep test was run at 1000 F. 
under a stress of 17,000 psi. This test 
showed a creep rate of 1.94 K 10°° in. 
per inch per hour during the time period 


10 R. F. Miller, R. F. Campbell, R. H. Aborn, and E. C. 
Wright, ‘‘Influence of Heat Treatment on Creep of Car- 
bon-Molybdenum and Chromium-Molybdenum-Silicon 
Steel,”’ Transactions, Am. Soc. Metals, Vol. 26, p. 81 
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2000 to 3000 hr. When combined with 
the other data, it appears that the creep 
rate given in Table IV for steel C6 (speci- 
men J) is too high; the stress for a creep 
rate of 1 X 10 * in. per inch per hour 
given for steel C6 in Table V is con- 
firmed. 

We do not wish to extrapolate the data 
to a creep rate of 1 per cent per 100,000 
hr. 

In reply to Mr. Higgins, the creep 
rate taken for the last thousand hours 
of the creep test is, in the authors’ 
estimation, the best approximation of 
the creep rate which might be encoun- 
tered in service under that stress and 
at that temperature. Depending on 
whether the material is growing weaker 
or stronger, the creep rate during the 
earlier period of the test may be higher 
or lower than the final rate. 

Mr. French has interpreted our use 
of the term “stability” correctly. 
“Stable” means firmly established or 
permanent. We use the word in that 
sense to denote a structure which re- 
mains essentially unchanged during the 
entire test period, with no reference to 
any particular initial condition of the 
carbide particle. For instance, in car- 
bon-molybdenum steel, the pearlitic 
structure is stable at 850 F., but un- 
stable and subject to spheroidization at 
1000 F. The stability of the structure 
varies with the composition of the steel. 

We have made several attempts to 
determine the composition of the pre- 
cipitate mentioned by Mr. Herzig. The 
precipitate which develops in carbon- 
molybdenum steel is difficult to isolate 
and analyze, since it is very small in 
amount and is pyrophoric after separa- 


tion. Also, various metallographic etch- 
ing reagents are of little use, since the 
particles are not usually resolvable 
under the microscope. This stable pre- 
cipitate behaves in a manner very 
different from the iron carbide in the 
pearlite, which spheroidizes readily and 
migrates to the ferrite grain boundaries. 
In a previous paper,!° we stated that this 
precipitate was an iron-molybdenum 
intermetallic compound or a complex 
iron-molybdenum carbide. 

We appreciate Mr. Lessells’ reference 
to the British article, and are now trying 
to obtain a copy of it. 

Mr. Clark’s comments further illus- 
trate the need for accurate knowledge 
of the condition of the steel under test. 
Fairly good agreement was obtained 
when steel B3 was tested in both labora- 
tories after the same heat treatment, 
considering that there was a slight differ- 
ence in ferrite grain size. The structure 
of steel B3 shown in his Fig. 2 is known to 
be more creep resistant than the struc- 
ture shown in Fig. 1, but it should be 
emphasized that this coarse grain Wid- 
manstaetten structure is determined by 
air cooling from a high temperature, not 
by annealing from 1550 F. If this steel 
had been annealed from 1650 F. (the 
condition shown in Fig. 3) and then re- 
annealed at 1550 F., a very different 
structure from that shown in Fig. 2 
would have resulted. 

The heat treatments used for these 
steels were representative of commercial 
practice. In regard to the modified 
4 to 6 per cent chromium-molybdenum 
steels, we have made no investigation 
of the effect of variation in the titanium 
and columbium content. 
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SOME EFFECTS OF COMPOSITION AND HEAT TREATMENT ON THE 
HIGH-TEMPERATURE RUPTURE PROPERTIES OF 
FERROUS ALLOYS 


By R. H. THIeELEMANN! > 
SYNOPSIS 


This paper deals with the high-temperature rupture properties of ferrous 
alloys as determined by sustained load rupture testing. The general problem 
of the susceptibility of high-temperature materials to failure by intergranular 
cracking is discussed and rupture test results for 15 representative type alloys 
are presented. These results indicate that the susceptibility of the various 
alloys to failure by intergranular cracking at elevated temperatures varied 
with the type of the alloy as determined by its composition. It is shown from 
tests of fairly long duration, that the chromium-bearing ferritic type alloys 
are apparently the only ones that are not susceptible to failure by intergranu- 
lar cracking at elevated temperature. 

A system of evaluating the composition of an alloy in terms of a numerical 
chromium equivalent value is presented. It is pointed out that both the 
type of an alloy and the relative susceptibility to failure by intergranular 
cracking can approximately be determined by its chromium equivalent 
composition. 

The effect of increased grain size on the high-temperature rupture strength 
of a low-carbon 3 per cent chromium alloy is shown. The relation of micro- 
structure resulting from heat treatment to the high-temperature rupture 
properties is considered and a particular illustration of this effect is shown for a 
5 per cent chromium, 1.5 per cent silicon, 0.50 per cent molybdenum alloy. 


granular sapesetion along the grain 
boundaries. With the occurrence of this 
phenomenon, the normal amount of 
deformation preceding fracture may be 


With the trend to higher temperatures 
and stresses, the demands placed upon 
materials have become increasingly 
severe and the known factors influenc- 


ing the long-time load-carrying ability of 
materials are numerous indeed. Re- 
cently, the susceptibility of certain alloys 
to intergranular cracking at elevated 
temperatures has been demonstrated. 
It seems, with these alloys, that failure 
at elevated temperatures resulting from 
the application of load over long periods 
of time takes place by a process of inter- 


1 Metallurgical Engineer, Research 


Laboratory, 
General Electric Co., Schenectady, N. Y. 


greatly reduced, and there is usually no 
noticeable indication of the impending 
failure. 

In high-temperature installations 
where stress and temperature are both 
known and constant, freedom from fail- 
ure can, of course, be safeguarded by 
including ample factors of safety in 
design stresses which are based on the 
long-time creep strength of the material. 
But for service where operation is flexible 
and where the stress and temperature are 
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known to be variable, materials should 
be capable of relieving stress concentra- 
tions by deformation without the occur- 
rence of intergranular cracking. In 
high-temperature pressure-resisting 
equipment, the relief of local stress con- 
centrations by intergranular cracking 
allows leaks to develop even though com- 
plete separation of the particular mem- 
ber has not occurred. Also, the presence 
of intergranular cracks, acting as stress 
raisers in a stressed member as at the 
roots of threads in high-temperature 
bolting, greatly reduces the safe load- 
carrying ability of the particular mem- 
ber. For these reasons it is now being rec- 
ognized that for some types of service a 
knowledge of the long-time rupture prop- 
erties of a material may be as important 
as a knowledge of the long-time creep 
strength. 

Fortunately, some alloys do not ap- 
pear to be so susceptible to intergranular 
cracking at elevated temperatures as do 
others. Results from many rupture 
tests on a large number of alloys indicate 
that the susceptibility to intergranular 
cracking varies with the composition of 
the alloy. It is found that the type of 
fracture incurred and the corresponding 
hot ductility resulting from long-time 
tests in the 900 to 1300 F. tempera- 
ture range can be correlated with the 
compositions of the material. As with 
creep test results, such factors as heat 
treatment, grain size and resulting micro- 
structure also affect the rupture test 
results. Certain trends and character- 
istics of the rupture results are believed 
to be indicative of the metallurgical sta- 
bility and general high-temperature 
properties of the various alloy systems. 


STATUS OF RUPTURE TESTING 


As early as 1919, Jeffries? observed the 
occurrence of the two types of fractures, 


* Zay Jeffries, “‘Effect of Temperature, Deformation, 
and Grain Size on the Mechanical Properties of Metals,”’ 
Transactions, Am. Inst. Mining and Metallurgical Engrs., 
Vol. 60 .p. 474 (1919). 
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transcrystalline and intergranular, that 
result when metals are tested in tension 
over a wide temperature range, and 
postulated the idea of the equicohesive 
temperature. During recent years, re- 
sults from high-temperature rupture 
tests have appeared more frequently in 
the literature. White, Clark, and Wil- 
son,® in a recent paper, introduced the 
straight-line relation of stress and time 
to failure, which is obtained when a 
series of rupture test results are plotted 
on logarithmic coordinates. The change 
of slope in the rupture curve, which 
sometimes occurred with a change of 
fracture type, was shown by Thielemann 
and Parker’ to be due to the accelerating 
influence of intergranular oxidation. 
Tests on annealed ingot iron in a dry 
hydrogen atmosphere revealed that in- 
tergranular cracking was not caused by 
intergranular oxidation. Although the 
intergranular fracture type persisted, the 
change of slope of the log-log plot that 
was found from the tests in air was not 
observed when the tests were made in 
hydrogen. 


APPARATUS AND TECHNIQUE 


A complete description of the rupture 
testing equipment employed in the Re- 
search Laboratory of the General Elec- 
tric Co. appeared in a previous paper‘ 


and need not be repeated. At the pres- 
ent time, five of the twelve bar machines 
are in operation and tests are being con- 
ducted at 900, 1000, 1100, 1200 and 
1300 F. Four of the machines are 
shown in Fig. 1. Various shapes and 
sizes of test specimens have been used, 
including the standard 0.505-in. tension 
test specimen, 0.253-in. centerless ground 
rods, and rectangular strips machined 
from sections of seamless tubing. Re- 
cently, two sizes of test specimens have 
3 A. E. White, C. L. Clark and R. L. Wilson, “‘Fracture 
of Carbon Steels at Elevated Temperatures,” Transac- 
tions, Am. Soc. Metals, Vol. 25, p. 863 (1937). 
. 4R. H. Thielemann and E. R. Parker, ‘Fracture of 
Steels at Elevated Temperatures After Prolonged Load- 


ing,” Transactions, Am. Inst. Mining and Metallurgical 
Engrs., Vol. 135, pp. 559-582 (1939). 
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Fic. 1.—High-Temperature Sustained Load Rupture Testing Equipment. 


4 
REFERENCE 
LINE 


STRESS - Lb/Sqin 1000 37500 36000 30000 2 

TIME FOR FAILURE Hrs 1.35 7 20 8| 4118 
% ELONG.IN 4 inches 24 30 20.5 20 8.7 ths 80 
% RED. OF AREA 74 68 62 43 9.0 8.0 i2.0 
FRACTURE TYPE TRANSGRYSTALLINE INTERGRANULAR 


Fic. 2.—Appearance of Broken Test Bars from Series of Rupture Tests on Carbon-Molybdenum 
Steel at 1000 F. 
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been standardized, each employing a 
4-in. gage length; one 0.253 in. in diame- 
ter and the other 0.357 in. in diameter. 
These threaded specimens are machined 
from bar stock, the larger diameter speci- 
men being employed for tests at 1100, 
1200, and 1300 F. for materials that have 
relatively poor resistance to oxidation. 
With either size of specimen, results are 
very consistent and where oxidation is 
not a factor, good agreement is found 
from tests of the same material using 
both diameters. 


100 000 
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rupture test bars of a material exhibiting 
both transcrystalline and intergranular 
fractures at 1000 F. is shown in Fig. 2. 
It will be noticed that with the higher 
values of stress, ductile transcrystalline 
fractures occur, and as the stresses are 
decreased and the corresponding fracture 
time is increased, the less ductile inter- 
granular fracture is encountered. 

In Fig. 3, the characteristic log-log 
rupture plot is shown for the tests of 
Fig. 2 along with the results from similar 
series of tests on the same material at 900 
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Fic. 3.—Stress-Time for Failure Curves for Carbon-Molybdenum Steel. 


DISCUSSION OF RESULTS 
Occurrence of the Two Fracture Types: 


From external appearances, the two 
types of fractures encountered in the 
high-temperature rupture testing of fer- 
rous alloys are characterized by the dif- 
ferent degrees of hot ductility common to 
each. Ductility is here referred to as the 
ability of a metal to neck down and be 
drawn out during the process of fractur- 
ing under applied tensile loadings. 
Thus, transcrystalline fractures are char- 
acterized by the ductile, necked-down 
appearance of the broken test specimens. 
In contrast, intergranular fractures are 
marked by the lack of ductility and brit- 
tle appearance of the broken test speci- 
mens. The appearance of a series of 


and 1100 F. It is seen that as the tem- 
perature is lowered, the slope of the log- 
log plot is greatly reduced. Thus, with 
the same stress, the time required for 
fracture to occur becomes increasingly 
longer. 

Figure 4 shows the structure of this 
material before test. In the ductile 
transcrystalline fractures resulting from 
tests of short duration, the grains are 
elongated in the direction of the stress as 
shown in Fig. 5. Figure 6 illustrates the 
typical structure resulting when the frac- 
ture takes place by a process of inter- 
granular cracking along the grain bound- 
aries. It is evident from the equiaxed 
structure that elongation resulting from 
plastic deformation of the grains them- 
selves has been greatly reduced. 
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2 Effect of Alloying Elements on the Result- mium. In Fig. 7 are shown plotted the 
ing Fracture Type: rupture test results for four significant 

At anearly stage of the rupture testing alloy compositions, all of which were 

_ program it was noticed that in the 900 found to be susceptible at 1100F., in 
to 1300 F. range the susceptibility of varied degrees, to intergranular cracking. 
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4.—Structure of Alloy A Before Testing Fic. of A at Fracture 
X 250). 


(X 250). 
Reduced to % size in reproduction. Stressed at 42,000 psi. at 900 F. Failed in 2 min. 
Elongation in 4 in., 25 per cent. Reduction of area, 
72 per cent. 
Reduced to }4 size in reproduction. 
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Fic. 6.—Structure of Alloy A at Fracture (X 250). 
Stressed at 35,000 psi. for 4660 hr. at 900 F. Elongation in 4 in., 13.7 per cent. Reduction of area, 15 per cent 
Reduced to \% size in reproduction. 
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various compositions to intergranular In contrast, rupture results for four 
cracking varied appreciably with the other alloys tested at the same tempera- 
alloy analysis. In particular, those al- ture, asshown in Fig. 8, indicate complete 
loys which exhibited transcrystalline freedom from intergranular cracking in 
fractures in tests of long duration con- tests up to 10,000 hr. duration. Similar 
tained appreciable amounts of chro- results for materials exhibiting both 
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“Fo. 7.—Rupture Curves for a Group of Materials at 1100 F., All of Which Are Susceptible to 
Intergranular 
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Fic. 8.—Rupture Curves for a Group of Materials, All of Which Show Continued Transcrystalline 
Fractures. 
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Fic. 9.—Rupture Curves for a Group of Materials Showing Both Types of Fractures at 1200 F. _ 
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types of fractures at 1200 F. are plotted 
in Fig. 9. For purposes of comparison, 
results for alloys F and I at both 1100 


and 1200 F. are included in Figs. 8 and 9. 


These two materials are similar in com- 
- position with the exception that in alloy 
F the carbon content is lower and the 
molybdenum addition is considerably 


tively. The compositions of the various 
alloys included in Figs. 7, 8, and 9 are 
given in Table I along with the corre- 
sponding calculated chromium-equiva- 
lent values, the meaning of which will 
be explained later. The heat treatment 
and figure reference for each alloy is 
given in Table II. 


TABLE I.—MATERIALS TESTED. 


Chemical Analysis, per cent 


| | 
| Chro- Nickel _Molyb- | Tung- 


Silicon | ium denum sten 


ed 


TABLE II. 


Figure Reference Heat Treatment 


. at 1650 F.—Furnace cooled 
. at 1832 F.—Air cooled 
. at 1740 F.—Oil Quench—1250 F. draw 
. at 1740 F.—Furnace cooled 
Annealed at 1580 F. 
Annealed at 1640 F. 


Annealed at 1600 F. 
ae 8 hr. at 2280 F.—water quenched 
3 hr. at 1300 F.—Furnace cooled 


8, 12 and 13 Mill annealed 
8, 9, 16, 17 and 18 Annealed at 1650 F. 
25 and 26 2 hr. at 1930 F.—Air cooled. 1% hr. at 1375 F.—Air cooled 
9, 14 and 15 2 hr. at 1832 F.—Air cooled 
; 9 4 2 hr. at 1832 F.—Air cooled 
0 ce: 9 2 hr. at 1300 F.—Air cooled 
20 Annealed 1 kr. at 1500 F. 


and 6 
7, 10 and 11 
7, 21, 23 and 24 
21 and 22 


7 
8 and 9 
8 


Annealed 1 hr. at 1500 F. 
Annealed 1 hr. at 1500 F. 


increased. At 1100 F., both materials 
show continued transcrystalline frac- 
tures, but at 1200 F. the long-time frac- 
tures in the case of alloy I show evidence 
of intergranular cracking. It is interest- 
ing to note that with the occurrence of 
the intergranular fracture, as shown in 
Fig. 9, for the 14,482 hr. fracture point, 
the accompanying elongation and area 
reduction were still ample, being 17.8 figures are self explanatory, and need 
per cent in 6 in. and 37 per cent, respec- only to be reviewed. Figure 10 shows 


Micrographs corresponding to the 
results shown in Figs. 7, 8, and 9 are 
shown in Figs. 10 to 18, inclusive. Be- 
cause it was found that the correspond- 
ing microstructures for the alloys of 
similar composition and type were al- 
most identical, micrographs for only one 
composition characteristic of each of the 
various types are included. These 
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the acicular structure of alloy C before 
test and Fig. 11 shows the characteristic 
intergranular type of fracture resulting 
from tests of even short duration. It is 


Fic. 10. of Alloy Cc Before Testing “Fic. 


(X 250). 
ay Reduced to 1% size in reproduction. 


structure developed by heat treatment 
of this material is not stable under these 
conditions of temperature and stress. 
Figures 12 and 13 illustrate the charac- 


11. ~leiiiels of F Alloy Ca at Fracture 
(X 250). 
Stressed at 10,000 psi. for 888 hr. at 1100 F. 


Elongation in 4 in., 27 per cent. Reduction of 
area, 40 per cent. 


Reduced to 14 size in reproduction. 


Fic. 12.—Structure of Alloy H Setbes Testing Fic. 13.—Structure of Alloy H at Fracture 


(X 250). 


Reduced to size in reproduction. 


noted also, that for the particular frac- 
ture at 1100 F., considerable spheroidiza- 
tion has occurred in the 888 hr. of testing 
time. This indicates that the acicular 


gation in 6 in., 32 per cent. 
per cent. 


(X 250). 


Stressed at 8000 psi. for 5240 hr. at 1100 F. Elon- 
Reduction of area, 85 


Reduced to 4 size in reproduction, 


teristic before and after structures for 
alloys exhibiting continued transcrystal- 
line fractures. Alloy H is of the ferritic 
type and from the tests at 1100 F. shows 
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Fic. 14.—Structure of Alloy J Before Testing Fic. 15.—Structure of Alloy J at Fracture 
(X 250). (X 250). 
Reduced to % size in reproduction. _ Stressed at 10,000 psi. for 2880 hr. at 1200 F. 
Elongation in 6 in., 27 per cent. Reduction of 
area, 5 5 per cent. 


Reduced to \ size in reproduct 


Fic. 17.—Structure of Alloy I at Fracture 
(X 250). 
Stressed at 4000 psi. for 2346 hr. at 1200 F. 


Elongation in 6 in., 38.5 percent. Reduction 
of area, 75 per cent. 


Reduced to size inreproduction. 


Fic. 18.—Structure of Alloy I at Fracture (X 250). 
Stressed at 3500 psi. for 14,482 hr. at 1200 F. Elongation in 6 in., 17.8 per cent. Reduction of area, 37 per cent. 
Reduced to 34 size in reproduction. 
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| 
no evidence of intergranular cracking 
whatsoever. 

A typical equiaxed structure of the 
austenitic alloys and the characteristic 
intergranular fracture resulting is shown 
in Figs. 14 and 15, respectively, for 
alloy J. 

Figures 16, 17, and 18 show, respec- 
tively, the original structure, the trans- 
crystalline and the intergranular frac- 
tures for alloy I. The original structure 
indicates the presence of many carbides, 
and in this respect this alloy is different 
from the ferritic materials which gave 
no evidence of intergranular cracking 
under the same testing conditions. 

From a review of the foregoing results, 
it is apparent that the materials contain- 
ing appreciable amounts of only those 
alloying elements which tend to Stabilize 
the alpha (body centered cubic) struc- 
ture of iron, such as chromium, tungsten, 
molybdenum and silicon, seem to exhibit 
the ductile transcrystalline type of frac- 
ture. The alloys which failed by inter- 
granular cracking contained either 
smaller amounts of the ferrite-forming 
elements, or in addition, appreciable per- 
centages of the elements which tend to 
stabilize the gamma (face centered cubic) 
structure of iron, such as carbon, nickel, 
and manganese. Alloys F, G, H, and L, 
which are ferritic in type and practically 
nonhardenable by heat treatment, 
showed complete immunity to inter- 
granular cracking, whereas the two aus- 
tenitic alloys B and J showed inter- 
granular fractures even in tests of only a 
few hours’ duration. Going from the 
ferritic to the austenitic type in the order 
named, the four heat-treatable alloys K, 
I, D, and E also exhibited increased 
susceptibility to intergranular cracking. 
Thus it seems that for various materials 
the type of fracture at elevated tempera- 
tures resulting from a sustained tensile 
load can be correlated with the type of 
the particular alloy in question as deter- 
— by its alloy composition. __ 
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Fracture Type versus Chromium Equiva- 
lent Composition: 


In order to establish a numerical sys- 
tem of values by which the relative sus- 
ceptibilities of the various alloys to inter- 
granular cracking at elevated tempera- 
tures can be expressed, it is necessary to 
review the effects of the various alloying 
elements on the structure of iron as 
shown by the numerous constitution 
diagrams. It was shown that only the 
ferritic type of alloys exhibited con- 
tinued transcrystalline fractures in the 
tests of reasonably long duration. By 
virtue of their composition, these so- 
called alpha-delta alloys are nonharden- 
able and lie outside of the gamma loop 
of their respective constitution diagrams. 
In the iron-chromium system it is quite 
well established that an addition of 
approximately 13 per cent of chromium® 
will completely eliminate the gamma 
form of iron and produce an alloy of the 
same nonhardenable alpha-delta type. 
Similarly, an addition of 6 per cent of 
tungsten, 3 per cent of molybdenum or 
2.5 per cent of silicon by weight will ren- 
der thesameresult. It follows that tung- 
sten is 13/6 or 2.1 times more effective 
than chromium in narrowing the tem- 
perature range of the stable gamma 
phase in iron and on the basis of equal 
weight the chromium equivalent for 
tungsten is 2.1. Similarly, chromium 
equivalent values for molybdenum and 
silicon are 4.2 and 5.2, respectively. 
Additions of those elements which tend 


to widen the temperature range of the ~ 


gamma structure of iron have the effect 
of shifting the extremity of the closed 
gamma loop to higher percentages of the 
ferrite stabilizing elements. Investiga-~ 


tions of a large number of alloy composi- _ 


tions have indicated the relative amounts 
of chromium, tungsten, molybdenum Ra: 


and silicon necessary to offset increased  __ 
additions of carbon, nickel, and man- _ 


5 Metals Handbook, 1939 Edition, p. 374, Am. Soc. 
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ganese. From these results, approxi- 
mate chromium equivalent values for 
the austenite-forming elements have 
been determined to be as follows: carbon, 
—40; nickel, —3; and manganese —2. 
The negative sign indicates the opposite 
effect of these elements with respect to 
the action of chromium. 

It is convenient to express the relative 
effects of the various alloying elements in 
terms of the effectiveness of chromium 
because of its common presence in prac- 
tically all alloys intended for service at 
elevated temperatures and because it is 


only a slight tendency to stabilize t! 
gamma structure in iron. 

In a large number of various alloys 
including the ones reported here th 
separate effects of the alloying elements 
in narrowing or widening the limits of the 
gamma field in iron are found to be 
cumulative. As an example, additions 
of either molybdenum or silicon or of 
both to a 5 per cent chromium iron alloy 
apparently have the same effect in ren- 
dering a closed gamma loop as would an 
equivalent addition of chromium. Thus 
the chromium equivalent value for a 


TABLE III.—CHROMIUM EQUIVALENT VALUES FOR ALLOYING ELEMENTS IN IRON. 


we Lattice Type 


| Percentage | 


Effect on Tempera- by Weight 


ture Range of to Elimi- 


Gamma Phase® 
| Phase 


Chromium 
Equivalent 


Amorphous 


Cubic 
Copper 
Cobalt 


Chromium 
Tungsten . 
Tantalum’. 

Cubic 


Vanadium 
Aluminum 


Face centered cubic 


Face centered cubic 
Hexagonal close packed 


Body centered cubic | | 


\ Body centered cubic 
Face centered cubic 


Widens 

Widens 

Widens 

Widens 

Widens (has weak 
| effect) 
Narrows 
Narrows 
Narrows up to 1% 
Narrows 


3 
6 
3 
|| Narrows up to1.8% 
Narrows 2; 
Narrows 
Narrows 1 
Narrows 


. ‘Maximum solubility in alpha iron is about 1 per cent at 974 C. (1785 F.), see Metals Handbook, 1939 Edition, p. 359, 


Am. Soc. Metals. 


Maximum solubility in alpha iron is about 1.8 per cent at 975 C. (1785 F.), see R. Genders, “‘Iron Niobium Alloys, 


et 148, November 3, 1939, pp. 514 and 515 
ee 


the least effective of the common alloy- 
ing elements in eliminating the gamma 
phase in iron. In Table III chromium 
equivalent values for several of the alloy- 
ing elements are tabulated. The two 
elements, tantalum® and columbium’ 
apparently do not form closed gamma 
loops but up to their limits of solubility 
in alpha iron have the effect of narrowing 
the temperature range of the gamma 
field, as indicated by their corresponding 
chromium equivalents. Cobalt, except 
when present in large amounts, shows 


6 Metals Handbook, 1939 Edition, p. 359, Am. Soc. 
Metals. 


7R. Genders, “‘Iron Niobium Alloys,” Engineering 


Vol. 148, November 3, 1939, pp. 5i4and 515. 


Bain, “Alloying Elements in Steel Soc. Metals, pp. 9, 10, 11(1939). 


given composition can be determined by 
adding together the individual chromium 
equivalent percentages of the various 
alloying elements present. It follows 
that alloys having the same chromium 
equivalent composition will be similar 
with respect to their position in the 
fields outlined by the gamma loop. 
The relation of the chromium equiva- 
lent composition to the type of alloy 
resulting is shown diagrammatically in 
Fig. 19. With respect to the type of 
fracture encountered from long-time 
high-temperature rupture tests, alloys 
having a chromium equivalent composi- 
tion greater than (+13) show continued 
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transcrystalline fractures in the 900 F. to 
1300 F. temperature range. Alloys hav- 
ing chromium equivalent compositions 
of about +9 to +13 lie in the two-phase 
alpha + gamma field, and, in the an- 
nealed condition, show intergranular 
type fractures only from tests of long 
duration. With these borderline alloys 
the minimum values of elongation ac- 
companying the intergranular fractures 
still seem to be appreciable. With de- 
creasing chromium equivalent values, 
the resulting alloys become increasingly 
susceptible to intergranular cracking. 
The elongation accompanying long-time 


RANGE OF AUSTENITIC 


RANGE OF HEAT TREATABLE 
ALLOYS WHICH FAIL BY 
INTERGRANULAR CRACKING 
HOT DUCTILITY VARIES 

HEAT TREAT MENT. 
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chromium equivalent values for carbon 
and the other austenite stabilizing ele- 
ments may vary somewhat with the dif- 
ferent alloy systems. Also, due to the 
appearance of new phases, it is apparent 
that the chromium equivalent values 
will apply only when the maximum solu- 
bility limits of the alpha stabilizing ele- 
ments in iron are not exceeded. How- 
ever, the present chromium equivalent 
values have been applied to a large num- 
ber of alloys with a high degree of suc- 
cess. It has been possible to design 
alloys for certain high-temperature appli- 
cations which would be less susceptible to 


| 

BORDER LINE RANGE 

OF HEAT TREATABLE 

ALLOYS SHOWING REOUCED 

| | SUSCEPTIBILITY TO 

| | INTER GRANULAR FRACTURES. 


RANGE OF ALLOYS 
WHICH DO NOT RESPOND 
TO HEAT TREATMENT AND 
SHOW CONTINUED OUCTILE 
TRANSCRYSTALLINE. 
TYPE FRACTURES. 


+CARBIDES 


(-) MINUS VALUES O(t)PLUS VALUES t9 
CHROMIUM EQUIVALENT COMPOSITION 


(—) MINUS VALUES IN TERMS OF 
EQUIVALENT ADDITIONS OF AUSTENITE 
STABILIZING ELEMENTS -C, Mn,Ni & ‘Cu 


(t) PLUS VALUES IN TERMS OF EQUIVALENT 
ADDITIONS OF FERRITE STABILIZING 
ELEMENTS - Cr, W,Mo,Si, CB, Ti, To, 


Fic. 19.—Diagrammatic Sketch Showing Relation of Chromium Equivalent Composition of Alloys to 
Fracture Type Incurred from Long-Time Sustained Load Rupture 
Tests in 900 F. to 1300 F. Range. 


fractures varies with the heat treatment 
and with the composition. With the 
completely austenitic type of alloy, brit- 
tle intergranular fractures are found even 
from tests of short duration. 

In applying the chromium equivalent 
system to alloys of various compositions, 
it is realized that irregularities are to be 
found in certain of the alloy systems. In 
the first place, constitution diagrams for 
some of the various alloy systems are not 
well established, and, when more infor- 
mation is available, the chromium 
equivalent values for some of the alloy- 
ing elements may have to be revised. 
Secondly, there are indications that the 


= 


brittle intergranular cracking without 
sacrificing other desirable properties. It 
is found, for instance, that with the alpha- 
delta type of alloy, having chromium 
equivalent compositions in excess of + 13, 
large ferritic grains resulting in extreme 
room temperature brittleness are devel- 
oped from overheating, as in welding oper- 
ations. This brittleness could not be re- 
lieved by heat treatment; so in order to 
maintain a heat-treatable alloy which 
could be fabricated by welding and would 
still possess a high degree of freedom 
from intergranular cracking, the chro- 
mium equivalent composition was lim- 
ited toa value of +11. © es 
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Restrictions in C omposition:; 

All of the alloys thus far mentioned 
whose chromium equivalent composi- 
tions were in excess of +9 contained at 
least 5 per cent of chromium. The most 
susceptible of these alloys showed inter- 


results in Fig. 20 show the effect of 
molybdenum additions on the rupture 
properties at 1100 F. of three carbon- 
molybdenum alloys M, N, and O whose 
chromium equivalent compositions are 
+0.65, +5.4, and +12.8, respectively. 


100 000 
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ALLOY N 


STRESS, PSI., LOG SCALE 


ALLOY M+” 
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1000 10000 100 000 


TIME FOR FAILURE,HR.,LOG SCALE 


Fic. 20.—Rupture Curves Showing Effect of Increasing Additions of Molybdenum on Rupture 
Properties of Carbon-Molybdenum Steel at 1100 F. 


TAbLE IV.—CORRELATION OF FRACTURE TYPE WITH CHROMIUM EQUIVALENT OF ALLOYS TESTED. 


Results from Longest Rupture Test 


Chromium 
Equivalent 


Time for 
Fracture, 
hr. 


[Reduction 
of Area, | Type of Fracture 
per cent 


Elongation in 
6 in., per cent 


> 


> transcrystalline 


intergranular 
transcrystalline 


in 4 in. ‘ intergranular 
in 4 in. 

in 4 in. 


. 


“IN & 


in 4 in. | 


granular fractures only in tests of long 
duration. It appears that an addition 
of 4 or 5 per cent of chromium is neces- 
sary in any ferrous alloy, regardless of 
its chromium equivalent composition, if 
complete freedom from intergranular 
cracking is to be insured. Rupture test 


The two alloys M and N, with molyb- 
denum contents of 0.58 and 1.53 per cent, 
showed intergranular fractures even for 
tests of short duration. The 3.64 per 
cent molybdenum alloy, O, was much 
less susceptible to intergranular cracking. 
However, in comparison with chromium- 
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bearing alloys of even lower chromium 
equivalent compositions, such as alloy I 
in Fig. 8, it is more susceptible to inter- 
granular cracking. 

In Table IV the alloys listed in Table I 
are retabulated in the order of decreasing 
chromium equivalent compositions. 
For each alloy the fracture time, elonga- 
tion, reduction of area, and correspond- 
ing fracture type are given for the tests 
of longest duration. From this correla- 
tion it seems evident that the long-time 
fracture types for all alloys having chro- 
mium equivalent compositions below +9 


100 000 


size on the resulting creep strength. 
Figure 21 shows the effect of increased 
grain size on the rupture properties of a 
3 per cent chromium alloy (alloy D) at 
1100 F. Aside from the increase in 
rupture strength, it seems that the larger 
grain size has the effect of decreasing the 
susceptibility of the alloy to intergranu- 
lar cracking at this temperature. With 
the fine-grained material intergranular 
fractures were found for all tests over 
300 hr. duration whereas with the larger 
grain size the change of fracture type 
was noted only for the tests of more 
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1000 10 000 


Fic. 21.—Rupture Curves Showing the Effect of Heat Treatment on Rupture Strength of a 
3 per cent Chromium Steel. 


will be of the intergranular type. In the 
higher chromium equivalent composi- 
tions the fracture types are decidedly 
transcrystalline, the one exception being 
the straight 3.6 per cent molybdenum 
alloy O which contained no chromium. 


Effect of Grain Size on Rupture Strength: 


In general, the effect of increasing the 
grain size of fine-grained alloys by heat 
treatment is to increase the correspond- 
ing rupture strength. Weaver® has 
shown a similar effect of increased grain 


than 3000 hr. duration. Of greatest sig- 
nificance is the fact that, by increasing 
the grain size, the indicated 100,000-hr. 
rupture strength has been almost dou- 
bled. The original fine-grained struc- 
ture and the corresponding large-grained 
structure resulting from heat treatment 
are shown in Figs. 22 and 23, respec- 
tively. 


The structure at the fracture for the _ 


test of longest duration, as shown in 
Fig. 24, indicates elongated grains with 


100000 


only partial grain boundary separation. — 


Since the chromium equivalent composi- 
tion for this alloy is +6.5, more com- 
pletely intergranular fractures would 
result from tests of longer duration. 
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Effect of Structure on Fracture Type: 


Previously it was mentioned that the 
borderline alloys having chromium 
equivalent compositions in the +9 to 


+13 range showed considerable freedom 


22.—Orig 
Alloy D (X 250). 


Reduced to )4’size in reproduction. 


ue 


some effect on the rupture properties. 
Figure 25 shows the acicular structure 
developed in alloy I obtained by air cool- 
ing through the critical range. The }-in. 
diameter bar stock was heated first for 


D Before Testing (X 250). 


Reduced to \ size in reproduction. 


Fic. 24.—Structure at Fracture of Heat-Treated Alloy D (X 250). 
Stressed at 8000 psi. for 6848 hr. at 1100 F. Elongation in 6 in., 14.6 per cent. Reduction of area, 5 per cent. 
Reduced to 1% size in reproduction. 


from intergranular cracking when tested 
in the annealed condition. Because this 
group of alloys is responsive to heat 
treatment, it is logical to expect that the 
structural changes resulting might have 


2 hr. at 1930 F. and air cooled and then 
reheated for 4. hr. to 1375 F. and air 
cooled. The Rockwell hardness, B scale, 


of the original structure shown in Fig. 19 
was 88. After quenching in air, the 
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hardness increased to 108, indicating 
that the material is air hardening. The 
4-hr. draw at 1375 F. reduced the hard- 
ness to 89 so that the hardness of the 
structure shown in Fig. 25 is almost the 
same as that of the original structure. 
Figure 26 shows the intergranular frac- 
ture which is found from rupture tests 
on this material in the heat-treated con- 
dition. This specimen was stressed at 
6000 psi. for 1150 hr. at 1200 F. before 
fracture occurred. The elongation was 
16.8 per cent in 6 in. with 29 per cent 
reduction of area. In comparison, a bar 


Reduced to % size in reproduction. 


of the original material stressed at 5000 
psi. at the same temperature failed with 
a transcrystalline fracture after 1010 hr. 
The accompanying elongation and reduc- 
tion of area were 30 per cent in 6 in. and 
83.5 per cent, respectively. Apparently, 
with these borderline alloys, the resist- 
ance of the grain boundaries to separa- 
tion at elevated temperatures is not 
much different from the resistance of the 
grains to deformation by shear along the 
preferential planes of slip of the crystal 
lattices. Thus, with this particular 
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alloy, the effect of.the acicular structure 
as developed by heat treatment was to 
strengthen the grains to the extent that 
they were more resistant to continued 
deformation by shear than were the grain 
boundaries to separation by intergranu- 
lar cracking. By the same reasoning it 
seems that the strengthening effect of the 
various hard carbides which result from 
heat treatment with the materials of 
lower chromium equivalent compositions 
could account for the increased suscepti- 
bility of these materials to intergranular 
cracking. 


Treated Alloy I (X 250). 


Stressed at 6000 psi. for 1150 hr. at 1200 F. Elon- 
gation in 6 in., 16.8 per cent. Reduction of area, . 
29 per cent. F 


Reduced to 1% size in reproduction. 


CONCLUSIONS 


various ferrous alloys at elevated tem- 
peratures both transcrystalline and inter- 
granular fractures are encountered. 
Transcrystalline fractures are character- 
ized by the ductile, necked down appear- 
ance of the broken test specimens. In 
contrast, intergranular fractures are 
marked by their lack of ductility and 
brittle appearance. 

As evidenced by the resulting micro- 
structure, plastic deformation resulting 


From sustained load rupture tests on 
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in ductile transcrystalline fractures takes 
place by a process of slip movement 
along certain crystallographic planes. 
The relief of strain hardening, by con- 
tinual recrystallization with time, allows 
this type of deformation to progress. If 
the resistance of the polycrystalline 
grains to continual deformation by slip 
is greater than the resistance of the grain 
boundaries to separation, intergranular 
fractures will result. Higher tempera- 
tures and lower strain rates favor the 
occurrence of this type of fracture. 

The susceptibility of the various alloys 
to failure by intergranular cracking 
varies with the type of the alloy as deter- 
mined by its composition. Only the 
chromium-bearing ferritic alloys did not 
show evidence of intergranular cracking 
in tests of long duration. With the 
nickel-chromium austenitic alloys, brittle 
intergranular fractures are encountered 
even in tests of only a few hours dura- 
tion. The rupture properties of those 
alloys which will respond to heat treat- 
ment can be varied by altering the struc- 
tures within the grains. A system by 
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which the chromium equivalent compo- 
sition of an alloy can be calculated is 
found to be useful in determining its 
relative susceptibility to failure by inter- 
granular cracking at elevated tem- 
peratures. 

As with the creep strength, the effect 
of increasing the grain size of an origi- 
nally fine-grained alloy is to increase its 
rupture strength. 
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Mr. T. McLEAN JASPER! (presented in 
written form).—The writer believes that 
the general method of testing presented 
in the paper can be easily applied by the 
engineer and for this reason will even- 
tually attain premier position for tests 
at elevated temperatures. 

The very large amount of activity 
which has centered around testing steels 
at high temperatures has allowed a very 
careful scrutiny of methods and results 
to be made. It might be pointed out 
that in general the testing engineer is 
prone critically to investigate the ma- 
terial tested and not associate the results 
in some measure with the environment of 
testing or with the measuring equipment 
or relative size of specimens, etc. In 
general, when steel is used at elevated 
temperatures its cross-section is of a 
different order from that of a small test 
specimen. The oxidation of a small 
specimen may affect the results to a 
degree which will mislead the engineer 
in designing equipment in which oxida- 
tion plays but a relatively minor part in 
service. 

The writer is primarily interested in 
low-alloy steels in the design and building 
of equipment for high-temperature serv- 
ice in which some form of additional cor- 
rosion protection is frequently used. 
My purpose in drawing attention to the 
above is to help keep the attitude toward 
methods of testing subservient to the 
requirements of the structure as used in 
service. 


Wis * Director of Research, A. O. Smith Corp., Milwaukee, 


Messrs. C. L. CLARK,” A. E. WuHITE,* 
AND MARTIN FLEISCHMANN‘ (presented 
in written form).—The author is to be 
congratulated on this contribution to 
the behavior of metals at elevated 
temperatures and especially to the 
influence of certain factors on the pro- 
longed rupture strength of steels at 
temperatures of 900 to 1200 F., 
inclusive. 

In most respects the results and con- 
clusions drawn from our own rupture 
tests are in agreement with those of the 
author, but certain exceptions do exist 
which it is believed should be presented 
in order to show the inadvisability of 
drawing too broad conclusions at this 
time. 

It is agreed that the intergranular 
type failures always produce a blunt 
type fracture, but we have not found 
this type fracture to be always asso- 
ciated with brittleness, as indicated by 
the total elongation up to fracture. For 
example, our work on annealed 0.50 
per cent molybdenum steel shows that 
for a fracture time of 4000 hr., the 
elongation at 950 and 1000 F. is very 
low, being of the order of 5 per cent, 
while at 1100 and 1200 F., it is 15 per 
cent. Even this latter value is rela- 
tively low but it is apparent that for the 
same type fracture the elongation at the 
higher temperatures is three times that 


2 Research Engineer, Department of Baaineering Re- 
search, University of Michigan, Ann Arbor, Mich. 

3 Director of Department of Engineering Research, and 
Professor of Metallurgical Engineering, University of 
Michigan, Ann Arbor, Mich. 

4 Metallurgical Engineer, The Timken Roller Bearing 
Co., Canton, Ohio. 
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at the lower temperatures. Further- 
more, the value of 15 per cent corre- 
sponds to certain of those given in Table 
IV as resulting from the transcrystalline 
type of failure. 

Likewise, in prolonged tests conducted 
on a steel of the 1.25 per cent chromium, 
0.50 per cent molybdenum, 1.35 per cent 
silicon type, intergranular type failures 
and blunt fractures were obtained at 
both 900 and 1100 F. Yet, for a fracture 
time of 11,000 hr. at 900 F. the elonga- 
tion was 17 per cent, and after 14,000 
hr. at 1100 F., it was 42.5 per cent. 

Many other examples could be pre- 
sented, but those given are believed 
sufficient to show that intergranular 
failures and blunt fractures do not 
necessarily result in a low ductility, as 
measured by the elongation, at tempera- 
tures of 900 to 1100 F. It should be 
further recognized that at certain tem- 
peratures in excess of those considered 
in this paper the fracture will change 
to the intergranular type even in the 
steels which exhibited transcrystalline 
failure at 1200 F. Again, however, this 
does not necessarily imply that these 
steels would become brittle, for in most 
cases we have obtained very satisfac- 
tory ductility characteristics at the more 
elevated temperatures. 

The statement that the presence of 4 
to 5 per cent of chromium is necessary 
to insure against intergranular cracking 
should be modified so as to specify 
temperature. For example, tests at 
1000 F. up to 6009 hr. on a 1.25 per cent 
chromium, 0.50 per cent molybdenum, 
0.75 per cent silicon steel showed trans- 
crystalline fractures to exist, with no 
tendency for intergranular cracking and 
with an elongation of 28.5 per cent. At 
1200 F. this same steel does show an 
intercrystalline fracture but after 4090 
hr. the elongation is high, being 46 per 
cent. 

Considerable work has been done in 


DISCUSSION ON RUPTURE PROPERTIES OF FERROUS ALLOYS = 


our laboratories on the combined in- 
fluence of ferrite-forming elements on the 
gamma loop and it is expected that these 
findings will soon be published. The 
indications are that in the presence of 
carbon these elements do not exert a 
strictly additive effect on the gamma 
loop. Likewise it is believed that the 
region of alpha plus gamma in Fig. 19 
should be greatly broadened, for we have 
found that with 0.15 per cent carbon 
present, this mixed phase occupies an 
area several times as wide as that of the 
homogeneous gamma region. Using the 
author’s method of computing equivalent 
chromium content, we have found that 
in one series of steels the inner gamma 
loop is closed at an equivalent chromium 
content of approximately 18.0 per cent 
and the two-phase area is not closed 
even with an equivalent chromium of 
30.0 per cent. 

Mr. ArtHuR McCutcuan? (presented 
in written form).—The author has 
evolved an ingenious method of cor- 
relating the high-temperature _frac- 
ture type with the chromium equivalent 
composition of the material. This 
method of correlation, however, can be 
misleading. The author’s conclusions 
would appear to disqualify a chromium- 
silicon-molybdenum material which has 
shown good promise as a pipe and tube 
material at temperatures of 1000 to 
1100 F. This material has the following 
chemical composition: 

Carbon, per cent 

Manganese, per cent 

Chromium, per cent 

Molybdenum, per cent 


Phosphorus, per cent 
Sulfur, per cent 


From the chromium-equivalent cor- 
relation made by the author this material 
should show poor hot ductility, that is, 
failure under prolonged stress-rupture 


5 Engineer, Engineering Division, The Detroit Edison 
Co., Detroit, Mich. 
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tests should show brittle failure at 900 
to 1000 F. Actually, good elongation 
and reduction of area values are found 
for this material under this type of 
loading. 

A service test® on a thin-walled tube 
of a higher silicon version of this alloy 
at 1100 F. in an experimental steam line 
showed that a diametral extension of 7 
per cent could occur without any evi- 
dence of brittle failure. Steam and air 
corrosion plus thinning of the wall from 
this extension caused an increase in 
working stress of over 20 per cent. 
Obviously this material gives ample 
warning of approaching failure. 

Since this material is readily weldable, 
possesses good resistance to steam 
attack, and even higher creep strength 
than 4 to 6 per cent chromium, 0.50 per 
cent molybdenum steel, it would be 
unfortunate if it were passed over be- 
cause it failed to fit the chromium- 


equivalent theory deduced from the © 


series of alloys tested by the author. 

One point should be amplified by the 
author. An impression of intergranular 
cracking might be gained from his dis- 
cussion to the effect that a material such 
as carpon-molybdenum after prolonged 
service at 900 to 1000 F. would be found 
to be brittle or have low ductility if 
subsequently tested at room tempera- 
ture. Question whether this conclusion 
is justified might be suggested from the 
following room temperature test results’ 
on creep specimens which were subjected 
to stress at the temperatures and for the 
durations indicated below: 


— Stress, Dura- Tensile Yield Elong- Reduc- 
psi. tion, Strength, Stress, ation tion of 
hr. psi. 0.2 per in2in., Area, 
cent percent per 
set, 
psi. 
40 000 
39 000 
35 000 
38 500 
40 000 


62 150 
61 700 
62 000 
61 400 
60 750 


900 1055 
900 1055 
1000 1115 
1000 1105 


® R.M. Van Duzer, Jr., and Arthur McCutchan, ‘ ‘High 
Temperature-Steam Experience at Detroit,” Transactions, 
Am. Soc. Mechanical Engrs., July, 1939, pp. 383-401. 
Timken Digest of Steels for High-Temperature 
Serv ce, Fourth Edition, 1939, p. 25. 
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Izod tests on small V-notch specimens 
likewise showed an insignificant change 
in the physical properties of the carbon- 
molybdenum tension creep specimens. 

While the above results were obtained 
on material held for only a little over 
1000 hr. at temperature, they tend to 
show that carbon-molybdenum steel does 
not become brittle in the sense that cast 
iron is called brittle. Specifically, the 
writer’s question might be phrased as 
follows: Would a tension or impact test 
on a specimen cut from a carbon-molyb- 
denum pipe after 10 yr. of service, under 
stress and temperature conditions such 
that a diametral extension of three- 
fourths of 1 per cent had occurred, be 
expected to reveal a condition of brittle- 
ness or approaching failure? This dis- 
tinction between ‘“‘intercrystalline crack- 
ing” associated with slowly stretched 
metals under high-temperature condi- 
tions and “embrittlement” such as 
occurs in some bolting materials was 
discussed at some length by Rosenhain 
over 8 yr. ago.® 

In conclusion, the author should be 
commended for his endeavor to correlate 
type of fracture with chemical composi- 
tion. The possibility of nonductile be- 
havior under high-temperature loadings 
is extremely important and the writer 
has a high regard for the value of this 
contribution to the meager knowledge 
of this subject. 

Mr. R. F. results of 
some of our creep and rupture tests on 
carbon, 0.5 per cent molybdenum steel 
may be of interest in comparison with 
those obtained by Mr. Thielemann. 

A specimen of this steel was normal- 
ized from 1790 F. and tested to rupture 
at 1020 F. under a stress of 27,000 psi. 
Intergranular fracture occurred after 420 
hr. with an elongation of 12.2 per cent. 


8 Walter Rosenhain, ‘‘Quick Determinations of wt 
ing Creep Stress,’’ Metal Progress, February, 1932 
Laboratory, U. S. Steel 
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These results were almost identical with 
those obtained by Jenkins and his co- 
workers at the National Physical 
_ Laboratory in England and agree quite 
well with those shown in Fig. 3 of Mr. 
Thielemann’s paper. 

Another specimen of the same steel 
was normalized from 1650 F. and tem- 
pered for 5 hr. at 1300 F. This specimen 
was tested to rupture at 1000 F. under a 
stress of 27,000 psi. Intergranular frac- 
ture occurred after 1155 hr. with 41.8 
per cent elongation. Microscopic ex- 
amination disclosed that there was 
considerably more distortion and elonga- 
tion of the grains in this specimen than 
in the one described above. The greater 
ductility of this specimen is thought to 
be due to tempering at 1300 F. These 
different results on the same steel under 
the same stress at approximately the 
same temperature tend to bear out Mr. 
Thielemann’s conclusions regarding the 
effect of structure on fracture type. 

Both of these specimens had quite high 
loads applied at the start of the test 
and both showed intergranular fracture. 
However, in the three specimens now to 
be described, the loads were applied in 
two steps and transcrystalline (ductile) 
failures were observed in all three. In 
the first of these tests, a specimen of 
carbon, 0.5 per cent molybdenum steel 
was normalized from 1650 F. and tem- 
pered for 5 hr. at 1300F. It was 
subjected to a load of 15,000 psi. for 3000 
hr. at 1000 F., producing 3.85 per cent 
elongation. The load was then raised 
to 27,000 psi., and transcrystalline frac- 
ture occurred after 12 hr. with 30 per 
cent elongation. The second specimen 
of this steel had the same heat treatment 
and was subjected to a load of 3509 psi. 
at 1100 F. for 14,099 hr., producing 2.2 
per cent elongation. The load was then 
raised to 7500 psi., and transcrystalline 
fracture occurred in 1000 hr. with 74.0 
per cent elongation. In the third test, 


a specimen of carbon, 0.5 per cent molyb- 
denum steel was normalized from 1650 F. 
and tempered for 168 hr. at 1300 F. It 
was subjected to a stress of 5000 psi. 
for 3500 hr. at 1109 F., producing an 
elongation of 4.2 per cent. The stress 
was then raised to 7500 psi., producing 
transcrystalline failure after 700 hr. with 
103 per cent elongation. 

The results of these three latter tests 
make it apparent that under working 
conditions of over-heating or over-stress- 
ing, carbon-molybdenum steel may have 
greater ductility than the high-stress 
creep-to-rupture tests would lead us to 
expect. As Mr. Thielemann has pointed 
out, the relative ductility and type of 
fracture of a given steel at a given 
temperature depend on its heat treat- 
ment and resulting microstructure. It 
should be borne in mind that exposure 
to service temperatures of 1000 or 1100 
F. for even a few thousand hours is in 
itself a form of heat treatment, and may 
alter the structure and properties of the 
material. Creep-to-rupture tests may 
therefore be misleading, unless they are 
of sufficient duration to produce struc- 
tural changes similar to those found in 
service. 

Mr. A. Napat.!°—I would like to ask 
whether a vacuum creep test has been 
made and whether the presence of air 
influences creep. If it does I would ask 
a second question, as to whether the size 
of the surface or, in other words the size 
of the test specimens, also influences the 
results obtained in creep tests. 

Mr. R. H. THIELEMANN" (Author’s 
closure)—The comments and_ con- 
structive criticisms from those who have 
discussed this paper are deeply appre- 
ciated. Mr. Jasper’s suggestion, that 


10 Consulting Mechanical Engineer, Research Labora- 
tories, Westinzhouse Electric and Manufacturing Co., 
East Pittsburgh, Pa. 

11 Metallurgical Engineer, Research Laboratory, 
General Electric Co., Schenectady, N. Y. 


the 
to 
not 
wit! 
con 
true 
whi 
scal 
the 
stre 
diat 
sult 
120 
test 
bee: 
as 
cha 
twe 
spe 
less 
Jas 
gra 
wot 
Thi 
tub 
less 
spe 
tes! 
Wi 
ren 
mu 
lov 
are 
hig 
vel 
fro 
att 
tu 
prc 
str 
no 
tio 
Loa 
cal. 
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the testing engineer is prone critically 
to investigate the material tested and 
not associate the results in some manner 
with the size ot the test specimens and 
conditions of testing, is in many cases 
true. We have found, with materials 
which are subject to oxidation and 
scaling at the testing temperature, that 
the time required for failure with a given 
stress is somewhat shorter when smaller 
diameter test bars are employed. Re- 
sults from such a series of tests at 
1200 F. on carbon-molybdenum steel 
test specimens of varied diameters have 
been reported.” These tests indicated, 
as would be expected, that the largest 
change in rupture time occurred be- 
tween tests on specimens smaller than 
}in.in diameter. With larger diameter 
specimens, the effect of oxidation was 
less noticeable. This indicates, as Mr. 
Jasper suggests, that with much larger 
sections, the accelerating effect of inter- 
granular oxidation on the fracture time 
would undoubtedly be less important. 
There are cases, however, as with boiler 
tubing, where the wall thickness is even 
less than that of the ordinary test 
specimen. For such uses the present 
test results should be directly applicable. 

The author agrees with Messrs. Clark, 
White, and Fleischmann, that the occur- 
rence of an intergranular type of fracture 
must not necessarily be associated with 
low values of hot ductility. Indications 
are, however, that with the so-called 
high creep strength low-alloy steels, 
very low values of elongation are found 
from long-time tests in the lower temper- 
ature ranges. At the higher tempera- 
tures, the intermetallic structures which 
produce the high creep and rupture 
strengths at the lower temperatures do 
not remain stable. Due to spheroidiza- 
tion and graphitization, resistance of 

"R. H. Thielemann and E. R. Parker, “Fracture of 
Steels at Elevated Temperatures After Prolonged 


oe Transactions, Am. Inst. Mining and Metallurgi- 
cal Engrs., Vol. 135, pp. 559-582 (1939). 


cracking is to be insured.” 
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the grains to deformation by shear is 
greatly decreased, and increased hot 
ductility at fracture generally results. 

Messrs. Clark, White, and Fleisch- 
mann have apparently interpreted the 
statement that the presence of 4 or 5 
per cent of chromium is necessary to 
insure against intergranular cracking 
to mean that the addition of 4 or 5 
per cent of chromium alone is all that 
is necessary. This was not the implied 
meaning. Actually, the statement reads 
“It appears that an addition of 4 or 5 
per cent of chromium is necessary in 
any ferrous alloy, regardless of its 
chromium equivalent composition, if 
complete freedom from intergranular 
To this 
probably should have been added that 
providing sufficient ferrite-forming ele- 
ments are added to produce an alloy 
having a chromium equivalent composi- 
tion in excess of +9, at least 4 or 5 per 
cent of chromium must also be present. 

The author agrees that the outer 
limits of the closed two-phase borderline 
field are not too well established, and 
that with some alloys, this complex 
field may extend to values considerably 
greater than the +13 value as stated. 
However, as far as behavior under stress 
at elevated temperatures is concerned, 
the present limits suffice to define the 
fields with reference to their suscepti- 
bility to failure by intergranular crack- 
ing in the 900 to 1300 F. temperature 
range. 

Mr. McCutcheon has presented some 
very interesting results in relation to 
service records on the 1 per cent chro- 
mium, 0.50 per cent molybdenum alloy 
at 1000 and 1100 F. The author agrees 
that this alloy should be very desirable 
for service at 1000 F. In the annealed 
condition, good values of elongation will 
result from rupture tests of reasonable 
duration. However, long-time frac- 
tures at 1000 F. or 1100 F. with this 
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alloy will be of the intergranular type 
even though the elongation is still ample. 
The object of this paper was not to 
condemn any alloy, but merely to point 
out what can be expected as regarding 
fracture type with the various alloy 
compositions. 

The statement by Mr. McCutcheon 
that intergranular cracking does not 
mean that the material has become em- 
brittled cannot be over-emphasized. 
Intergranular cracking, as the author 
understands it, is merely a mechanism 
of failure and has nothing at all to do 
with the phenomenon of brittleness as 
we commonly speak of it with reference 
to cast iron. In fact, some of the high- 
chromium ferritic type alloys which are 
known to develop extreme room tem- 
perature brittleness after long-time ex- 
posures at elevated temperatures are 
completely immune to failure by inter- 
granular cracking. Thus, it would seem 
desirable to speak of the “brittle” 
appearing intergranular fractures as 
having low hot ductility rather than as 
being ‘‘brittle.” 

Mr. Miller’s results with carbon mo- 
lybdenum steel serve to emphasize the 
point that with a given material, the 
structure which gives the highest creep 
and rupture strength also gives the 
lowest values of hot ductility at fracture. 
The effect of higher testing tempera- 
tures, as we know, with the low-alloy 
steels is to alter their structure in much 
the same manner as would a heat treat- 
ment at a higher drawing temperature. 
Mr. Miller’s results from step-up tests 
on carbon-molybdenum steel at 1100 F. 
are entirely reasonable. The effect of 
increasing the stress to such a value 
that failure results in a short period of 
time would logically be to increase the 
amount of elongation occurring within 
the grains themselves. In this sense, 
the problem of the intercrystalline versus 
the — type fractures can 


be thought of as one of crystal me- 
chanics. If the total resolved shearing 
stresses on the polycrystalline grains are 
sufficient to produce continued deforma- 
tion, ductile type fractures will always 
result. With lower stresses, if the con- 
trary is true, deformation will occur 
mostly along the grain boundaries and 
intergranular type fractures must result. 
Since grain boundary deformation can 
only occur with low rates of deformation, 
the possibility that some of our com- 
mercial materials may have greater 
ductility in service from conditions of 
over-heating or over stressing is, as Mr. 
Miller points out, entirely reasonable. 
Probably the constant stress rupture test 
will, in tests of long duration, produce 
the least ductile fractures that can be 
obtained in tension tests of a given ma- 
terial at elevated temperatures. How- 
ever, many types of service duplicate 
this low, constant stress condition, and 
this should not be overlooked. 

Mr. Nadai’s question as to whether a 
vacuum creep test has been made and 
whether the presence of air influences 
creep can be only partially answered. 
We have made creep and rupture tests 
on pure metals and alloys both in 
vacuum and in hydrogen, and as far as 
the type of fracture resulting is con- 
cerned, find no difference from the tests 
in air. However, where oxidation in air 
is a factor, the creep strength and rup- 
ture time are greater when the tests 
are made in vacuum or in hydrogen. 
From all of our work, indications are 
that intergranular oxidation has the 
effect of accelerating the fracture time, 
once intergranular cracking has started. 
However, the phenomenon of inter- 
granular cracking appears to be due to 
something else besides oxidation. 

The question of test bar size was also 
asked by Mr. Jasper, and that discussion 
will also serve to answer Mr. Nadai. 
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Year-long tension tests on the mate- 
rials now commonly used in the con- 
struction of machinery and equipment 
to operate at temperatures in the range 
between 750 and 1000F. generally 
break with a small fraction of the elonga- 
tion which occurs in an ordinary short- 
time tension test. The indications of 
such tests are that breaks will occur with 
even less amounts of extension and at 
still lower stresses after still longer 
periods of time. 

Although there have been several 
papers’ published on this subject during 
the past few years, the results of such 
tests are not yet available in such bulk 
as to form a generally recognized basis 
for design. Furthermore, the impor- 
tance and significance of such tests 
are not fully understood. It is the 
object of this paper to discuss the re- 
lations of such tests to creep tests and 
to point out the importance of accumu- 
lating more such information. ia 

Rurrose Tests 

When a series of bars is tested at 

high temperature and at successively 


1 Turbine Engineering Dept., General Electric Co., 
Schenectady, N. Y. 

2 For example: 

A. E. White, C. L. Clark and R. L. Wilson, “The 
Fracture. of Carbon Steels at Elevated Temperatures,” 
Transactions, Am. Soc. Metals, Vol. XXV, September, 
1937, Pp. 863-888. 

A. E. White, C. L. Clark and R. L. Wilson, ‘The 
Rupture Strength of Steels at Elevated Lg og 
a Am. Soc. Metals, Vol. XXVI, March, 1938, 

R. H. Thielemann and E. R. Parker, ‘Fracture of 
Steels at Elevated Temperatures After Prolonged Load- 
ing,” Metals Technology, April, 1939, Technical Publica- 
tion No. 1034 (18 pp.). 

R. H. Thielemann, ‘‘Some Effects of Composition and 
Heat Treatment on the i) Temperature Rupture Prop- 
erties of Ferrous Alloys,’”’ Preprint No. 46, for 1940 Annual 
Meeting, Am. Soc. Testing ats., June 24-28. 
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lower stresses, rupture occurs after 
longer and longer periods of time at 
smaller and smaller extensions. When 
the stresses and the extensions at rup- 
ture are plotted on log-log paper against 
the time for rupture, after the first few 
hundred hours a straight line relation- 
ship frequently encourages the extra- 
polation of the results across another 
square of the logarithmic coordinates 
so that, whether really justified or not, 
rather convincing conclusions are ar- 
rived at. 

Figure 1 illustrates at the top the 
method of plotting the test results to 
give the 100,000-hr. rupture strength. 
The break in the line, which occurs in 
this case at approximately 500 hr., is a 
well-known characteristic. However 
uncertain the extrapolation may be, 
it is based on tests five times as long as 
the 1000-hr. creep tests sanctioned by 
the A.S.T.M.-A.S.M.E. 1938 Creep Data 
Book.? In anycase it is hard to imagine 
that the material could stand a greater 
load for 100,000 hr. than that indicated. 
The extrapolation of the line in the 
lower portion of Fig. 1 for elongation 
at rupture is not so convincing. How- 
ever, exact values of deformation are 
not so important as exact values of 


stress. On the other hand, this final ~ 


branch of the line represents uniform 


elongation in a long specimen rather — 


3 Compilation of Available High-Temperature Creep 
Characteristics of Metals and Alloys, published jointly 
by the American Society for Testi Materials and 


The American Society of Mechanical Engineers (1938). 


(Available as a separate publication.) 
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than the necking down that occurs 
after brief periods of stretching in the 
conventional 2-in. test specimen. 


CrEEP TESTS 


For machinery that cannot be al- 
lowed to deform or distort more than a 
small fraction of a single per cent 
throughout its life, it is important to 
have creep test information. It is 
not the object of this paper to discuss 
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but this wording leads to confusion with 
the stress which would cause a total 
extension of 1 per cent at the end of 
100,000 hr. which may be much greater 
or less depending on the material and 
the temperature.) The degree of extrap- 
olation implied in the interpretation 
of ordinary creep tests can be visualized 
by noting that each dash of the broken 
lines in Figs. 2 to 7 is approximately 
2000 hr. long. 
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Fic. 1.—Rupture Tests at 900 F., Normalized carbon-molybdenum pipe. 


ok 


the various ways of running creep tests, 
but only to mention certain relations 
between creep tests and rupture tests. 
The measurement of extension during 
the progress of rupture tests is desirable. 

One of the more common ways of 
running creep tests and one recognized 
in the A.S.T.M.-A.S.M.E. 1938 Creep 
Data Book is to pull a series of bars at 
successively different stresses for a 
period of 1000 hr. and then to plot the 
resulting final creep rates on log-log 
paper against the stresses which cause 
them. A nominal strength is given by 
the stress which causes a final rate of 
0.01 per cent per 1000 hr. (It is com- 
mon to say “1 per cent in 100,000 hr.” 


1000 2000 5000 10000 
TIME TO RUPTURE, HR. 


RvuPTURE TESTS AND CREEP TESTS 


The stress which extrapolation indi- 
cates will cause rupture after 100,000 hr., 
is frequently about double the stress 
which will cause a creep rate of 0.01 
per cent per 1000 hr. at the end of a 
1000-hr. test, but materials which have 
what is called “high creep strength” 
appear likely to rupture at 100,000 hr. 
with only 1 per cent extension. On 
the other hand, materials which have 
low creep strength appear to have def- 
inite margins of extra strength against 
rupture. The 100,000-hr. rupture 
strength as indicated by year-long tests 
may be as great as 4 to 6 times the 
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nominal creep strength for a rate of 
0.01 per cent per 1000 hr. 

The diagrams shown in Figs. 2 to 7 
are plotted in ordinary scales in order 
to present to the eye the relations be- 
tween rupture strength and extension 
due to creep. The full lines represent 
tests actually carried to completion. 
The broken lines have been sketched in 
under the guidance of logarithmic plot- 
tings similar to those illustrated in 
Fig. 1 for the construction of Fig. 2. 
At best, these illustrations must be 
regarded as representing estimated per- 
formance subject to revisions which may 
be important when more information is 
available. However, such revisions are 
more likely to be downward rather than 
upward. In other words, it does not 
seem possible that longer tests can give 
much greater strengths than shown, but 
they might indicate the onset of serious 
weakening not yet displayed and, fur- 
thermore, 10-yr. breaks might con- 
ceivably occur with extensions much 
smaller than the very small elongations 
shown. It does not seem possible for 
long-time breaks to have greater elonga- 
tions than the minimum so far found in 
test. 


Carbon Molybdenum 


Figure 2 shows the behavior at 900 F. 
of low-carbon 0.5 per cent molybdenum 
steel in the normalized condition. While 
this diagram leaves much to be desired 
in the matter of completeness, the 
100,000-hr. rupture strength appears to 
be three times the 10,000 psi. working 
stress frequently authorized for steam 
pipes and drums. However, the test 
results shown seem to preclude the 
possibility of more than 2 or 3 per cent 
of stretch in any long-time failure, and 
indicate the probability of less than 1 
per cent after 100,000 hr. 

Figure 3 illustrates the same material 
at 1000 F. In this case the 100,000-hr. 


rupture strength seems to have dropped 
to little more than double the working 
stress value. Although only a few re- 
sults are available, breaks of 2 and 3 
per cent elongation have occurred in a 
few months and it seems likely that 
long-time breaks can have little if any 
more than 1 per cent elongation and 
perhaps much less. 

Figure 4 represents the same material 
in the annealed condition at 900 F. 
The strength is slightly reduced as com- 
pared with the normalized material, but 
the early breaks occur with much greater 
amounts of extension. Thus, although 
by no means certain, the possibility of 
annealed material having greater ex- 
tension at 100,000 hr. than the stronger 
normalized material is not precluded by 
the results available. It must be kept 
in mind that the stress to cause rupture 
in 100,000 hr. seems to be much better 
known than the amount of creep that 
precedes the break. 

Figure 5 shows annealed carbon- 
molybdenum steel at 1000 F. Although 
this is the weakest condition among 
these four illustrations, the probable 
elongations at long-time rupture appear 
less than in Fig. 4. 

Comparison of these four illustrations 
shows that when the strength is reduced 
by use at a higher temperature, the 
elongation at rupture is also reduced, 
but when the strength is reduced by 
annealing, the elongation is increased. 
Of course longer time tests will give 
more definite information as to the 
exact amounts of elongation to be ex- 
pected at rupture after long service. 


Silicon-Chromium-M olybdenum Steel: 


Figures 6 and 7 represent the behavior 
at 1100 and 1200F., respectively, of a 
variety of steel containing 1.5 per cent 
silicon, 5 per cent chromium, and 0.5 
per cent molybdenum. 

This steel at these higher temperatures 
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Fic. 6.—Long-Time Performance at 1100F. 1.5 per cent silicon, 5.0 per cent chromium, 
0.5 per cent molybdenum tubing. 
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Fic. 7.—Long-Time Performance at 1200 F. 1.5 per cent silicon, 5.0 per cent chromium, 
0.5 per cent molybdenum tubing. 
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has lower rupture strengths than the 
carbon-molybdenum steel in the more 
moderate range, but the extensions that 
accompany rupture are greater. The 
uncertainty as to how to draw the ex- 
tension curve out to 100,000 hr. be- 
comes more evident tothe eye. Extrap- 
olated creep tests indicate much smaller 
rates of extension than implied by 
extrapolation of the extensions measured 
at rupture. Consequently, a curved 
dotted line has been drawn which will 
probably need correction in the future. 
However, the important matter is the 
noteworthy difference from the other 
material. These tests do not preclude 
the possibility of finding desirably large 
extensions after years of stress-carrying 


service. 
Conctusions Ses 

Consideration of these test results 
leads to several questions which seem 
difficult to answer without years of 
actual service including service severe 
enough to indicate what type of distress 
must be expected. It seems plain that 
materials put their best foot forward 
and hang together better for a year or 
two than for much longer periods of 
time. Where working stresses cor- 
respond to a creep rate of 0.01 per cent 
per 1000 hr., it seems likely that a year 
or two of successful service can be 
easily misinterpreted to give a false 
sense of success and security. On the 
other hand, where it is important to 
limit deformation as in steam turbines, 
working stresses are more likely to be 
chosen to correspond with a rate of 
0.001 per cent per 1000 hr. Steam 
turbines have to be designed with both 
sets of limitations in mind and are thus 
safeguarded with what we believe to be 
adequate margins of safety. 

The early stages of creep must tend to 
iron out stress concentrations, and this 
would seem to be a beneficial process. 


Elastic concentrations in good design 
rarely multiply applied loadings by more 
than 3 to 1 and even with high stresses 
at moderately high temperatures such 
concentrations imply extensions in the 
order of } per cent. It would seem 
reasonable to conclude that creep 
would go a long way to wipe these out 
and no harm done. 

On the other hand, it is at the moder- 
ate temperatures where strengths are 
high that rupture occurs with the least 
extension. Frequently there is a de- 
gree of follow-up elasticity so that relief 
of the concentration might not be 
satisfied by a stretch of 3} per cent. 
Under such circumstances, it is a fair 
question whether it is safe to assume 
that the integrity of the material will 
be preserved or whether incipient cracks 
will be started increasing susceptibility 
to fatigue and corrosion. 

At lower temperatures the tensile 
strength divided by a working stress 
gives a “factor of safety” which may be 
in the order of 4 or 5 depending on service 
conditions. If creep strengths are cho- 
sen with reference to a rate of 0.001 per 
cent per 1000 hr. as with turbines, the 
100,000-hr. rupture strength may be 4 
or 5 times the creep strength. But if 
creep strength is chosen with reference 
to 0.01 per cent per 1000 hr., the appa- 
rent long-time factor of safety may be 
much less. 

Actually when treatments are varied 
the rupture strength is affected much 
less than the creep strength. Thus 
working stresses are set with reference 
to a low creep strength material, the 
rupture strength may be 4 times the 
working stress. On the other hand, if 
the treatment is varied to improve the 
creep strength, the rupture strength 
may turn out to be no more than double 
the nominal creep strength and some tests 
show the margin to disappear entirely. 
Where the amount of creep is not in 
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itself an important consideration, there the amount of extension, distortion, or — 
is good reason for design to be guided _ deflection is of prime importance both 
by rupture strength rather than by creep creep strength and rupture er 

strength. On the other hand, where must be considered. . ; 

TABLE OF MATERIALS 


Source: Cut from 6-in. diameter pipe. 
Composition: Carbon 0.14; molybdenum 0.46; manganese 0.44; silicon 0.16 per cent. 


Physical Properties at Room Temperature: 
Normalized Anneal 


High-Temperature Properties: 900 F. 1000 F. 


Figs. 2 and 3. Normalized from (ie G01 per cont pes 30 fy 
rolls (without draw) 100,000-hr. rupture strength..... 31000 11 700 | 


Figs. 4 and 5. Annealed 8 hr. at (boi 0.01 per cent per 13 
1650 F. and furnace cooled 100,000-hr. rupture strength..... 27500 9 100 


SILICcON-CHROMIUM-MOLYBDENUM STEEL 


Source: Cut from } by 1} in. tubing as manufactured. 

Composition: Carbon 0.13; silicon 1.5; chromium 4.98; molybdenum 0.50; manganese 0.25 per cent. 

Physical Properties at Room Temperature: 


High-Temperature Properties: 1100 F. 1200 F. 
Creep Strength 0.01 per cent per 1000 hr., psi............ 1600 to 2800 =—_- 800 to 1100 
100,000-hr. rupture strength, psi.....................4.. 4000 2000 
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Mr. SABIN CROCKER! Gaal” in 
written form).—Mr. Robinson’s paper is 
timely in that it surveys a field in which 
the effect of high temperature on certain 
metals is suspected to be disquieting, 
but about which too little is known to be 
sure of the grounds for concern. In 
examining fractured creep test speci- 
mens, several investigators have ob- 
served that a number of the alloys 
commonly used because of their superior 
creep resistance are prone to fail by 
separation of the crystals under pro- 
longed loading at high temperatures. 
Such failure is attended by only a frac- 
tion of the elongation which would occur 
on a short-time test. 

The tendency for alloy steels to fail 
in this manner was accorded considerable 
notice by British engineers before it was 
taken up with serious concern in this 
country. In an article published in 
1932 Rosenhain? pointed out that as far 
back as 1913 this phenomenon had been 
observed and reported by J. C. W. 
Humfrey and himself. Mr. Rosenhain 
noted the tendency of creep specimens 
to fail by intercrystalline separation and 
warned against confusing such failure 
with the embrittlement which occurs in 
certain types of bolting materials. In 
1935 Bailey*® suggested guarding against 
this type of failure by limiting the total 
creep to an extension of 0.5 per cent, or 
less, over the life of the particular equip- 


1 Senior Engineer, Engineering Division, The Detroit 
Edison Co., Detroit, Mich. 

2 Walter Rosenhain “Quick Determination of Limiting 
ore W Ba Metal Progress, February, 1932, pp. 65 66. 
2 W. Bailey, “The Utilization of Creep. est Data 
in Engineering esign,’ ’ Proceedings, Inst. Mechanical 
Eng., Vol. 131, pp. 294, 300 (1935); also Engineering, Vol. 
140, pp. 595, 647 (1935). 
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ment. Mow vevently Tapsell* con- 
cluded that failure of molybdenum steels 
by intercrystalline cracking will not 
occur until at least one per cent deforma- 
tion has taken place. 

As the author points out, specific 
information on this subject is meager 
despite its antiquity and the number of 
writers who have discussed it. Hence 
the author has been confined to giving 
results for only two steels (1) a 0.5 per 
cent molybdenum and (2) a 1.5 per cent 
silicon, 5 per cent chromium, 0.5 per cent 
molybdenum steel. It may be of inter- 
est, therefore, to point out that good 
ductility is retained by certain alloys 
with much lower chromium content than 
5 per cent. A 1.4 per cent silicon, 1.24 
per cent chromium, 0.58 per cent molyb- 
denum tube in an experimental 1100 F. 
steam line at the Trenton Channel’ 
power plant of The Detroit Edison Co. 
increased in diameter # in. or an increase 
of 7 per cent without any evidence of 
intergranular failure or brittleness, al- 
though the test was not carried to 
failure. The operating stress varied 
from 6780 to 8420 psi. during the prog- 
ress of 8000-hr. service at 1100F. 
Thinning of the tube wall from creep 
accompanied by air and steam corrosion 
was responsible for the change in stress. 
This material, because of an extra addi- 
tion of silicon, was less resistant to creep 
and steam corrosion than a variety hav- 
ing only 0.78 per cent silicon, yet it 
apparently was much stronger than the 

4H. J. Tapsell, “Creep at High Temperatures,” 
Engineering, March 15, 1940, pp. 287 288. 

®R.M. Van Duzer, Jr., and Arthur McCutchan, “High 


Temperature Steam Ex = at Detroit,” Transactions, 
Am. Soc. Mechanical Engrs., July, 1939, p. 395. 
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5 per cent chromium, 0.5 per cent 
molybdenum pipe reported by the 
author. 

Similar tests on carbon-molybdenum 
tubes at 925 F. under a stress of 9220 
psi., which have progressed for 12,000 
hr., also should be of interest. A 
diametral extension of 0.4 per cent has 
been measured on one of these thin- 
walled tubes. Possibly, if a total ex- 
tension of 1 per cent is obtained in these 
tests it will give a service check on 
liability of carbon-molybdenum steels to 
fracture with such an extension. 

The author observes that normalized 
carbon-molybdenum steel has better 
creep resistance than the annealed ma- 
terial, but surmises the relations may be 
reversed with respect to the elongation 
attending failure and points out the need 
for longer time tests to establish this 
possibility fully. In attempting to un- 
derstand the underlying reasons for this 
difference in behavior, the writer would 
like to point out the possible significance 
of differences in the respective grain 
structures produced by normalizing and 
annealing coarse grained carbon-molyb- 
denum pipe material. 

In the normalized condition this ma- 
terial has a grain structure closely 
resembling that of the hot-finished pipe 
in the as-rolled condition. The pearlite 
and excess ferrite are intermingled form- 
ing what is termed Widmanstaetten 
areas which are surrounded by ferrite 
grains. In the annealed condition this 
material has a grain structure in which 
the pearlite exists as discrete patches and 
the excess ferrite is completely coalesced, 
forming large equiaxed grains of pure 
ferrite. The usual photomicrograph at 
100 diameters shows the respective 
pearlite or ferrite grains as all black or 
all white, while the Widmanstaetten 
areas show alternate black and white 
striations throughout each area. 

Laboratory creep tests of 8000 hr. 
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duration at 925 F. and a stress of 9250 
psi. have been made at the University of 
Michigan on samples of carbon-molyb- 
denum steel exhibiting a Widmanstaet- 
ten and a typical annealed structure. 
It would seem that less possibility of 
eventual failure exists in the case of the 
Widmanstaetten structure since the 
reported rate of creep for that structure 
was zero as against 0.5 per cent in 
100,000 hr. for the annealed structure. 

One point that warrants investigation 
concerns whether material susceptible to 
intergranular failure can be detected by 
removing samples from articles in service 


and subjecting them to some sort of > | 


test. From Mr. Rosenhain’s article? it 
would appear that if a specimen could be 
tested at room temperature just prior 
to its failure under creep loading, it 
would not disclose brittleness. To put 
the question in another way, is there ~ 
any method of detecting approaching 
failure of a pipe line by removing samples 
every few years to check any possible 
tendency to intergranular failure of a — 
brittle nature? If so, the writer would 
appreciate advice on how to go about it. _ 


Mr. H. L. Burcuorr® (presented in 


written form).—Creep tests appear to 
have been given much more considera- — 
tion than rupture tests by most labora- 
tories. It is obvious that the one test _ 
supplements the other and that both © 
yield information valuable to design 
engineers. It would seem that accurate 
knowledge of creep rates is desirable | 

even in cases where allowable deforma- — 

tion may be great, for the user of le 

ment will always want to be aware of 

the course of change in its dimensions. 
Regardless of creep rate, the possibility 2 
of sudden and unexpected failure should 

not be overlooked and it is in this respect oe 
that rupture tests appear most valuable. — 
As the author suggests, the existence of : 


6 Research Metallurgist, Chase Brass and Copper Co., | 


: Waterbury, Conn. 
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stress concentrations which cannot be 
calculated may render material suscepti- 
ble to unforeseen failure. If there is 
some advance knowledge of the degree 
of deformation that should result from 
such a condition, confidence in service 
behavior is enhanced. If there is likeli- 
hood of sudden failure without measur- 
able deformation, the user will at least 
be somewhat prepared. 

With regard to creep tests of 1000 hr. 
duration, such as reported so frequently 
in the A.S.T.M.-A.S.M.E. 1938 Creep 
Data volume, it is our experience that 
creep rates of copper alloys based upon 
such testing periods are frequently 
distinctly different from rates determined 
from tests of 5000-hr. duration, which is 
our normal creep testing period. The 
rates indicated at the shorter period are 
higher on the whole and hence lead to 
more conservative application of ma- 
terial. However, we have encountered 
some instances in which the creep curves 
enter the third or final stage, that of 
increasing creep rate, after somewhat 
more than 1000 hr. The value of a 
testing period as long as is feasible is 
therefore apparent. 

Mr. H. F. Moore.’—As has been the 
case in considering creep so now in study- 
ing tensile strength and ductility, anal- 
ogies between the behavior of steel at 
elevated temperatures and lead alloys 
at low temperatures appear. Some 
leads show remarkable loss of elongation 
after fracture under long-continued 
steady load. One lead showed 40 per 
cent in 1 in. for a short-time (testing- 
machine) load and 1 per cent under a 
load of some months. 

The tensile strength of lead alloys 
under long-time steady load may be 
plotted as a straight line on log-log or 
on semi-log paper with time as (log) 
abscissas. A few tests have shown some 
evidence of “flattening out” of the tensile 


7 Research Professor of Engineering Materials, Uni- 
versity of Illinois, Urbana, Ill. 


strength - time diagram (like an S-N 
fatigue diagram) but not enough yet to 
justify conclusions. 

Mr. M. B. Hiccrns.*—I am one of 
those engineers who have to use creep 
data for design; in fact I have been 
designing high-temperature vessels for 
twenty years, and in the light of the 
information available now, we were in 
bad shape twenty years ago. However, 
none of the vessels has failed and we 
were using a factor of safety of four, 
coupled with inspection. What we want 
is more interpretation of these tests, 
both the creep and the stress rupture 
tests, for conversion into working 
stresses. If there is a way to interpret 
these data, which engineers are not fully 
competent to do, I should like to see it 
done by some one. 

Mr. Ernest L. Rosrnson® (Author's 
closure).—Mr. Crocker calls attention 
to certain papers on the subject of brit- 
tle fractures antedating those cited by 
the author. Although there was no 
intention to present anything like a 
complete bibliography, the list selected 
began purposely with the 1937 paper by 
White, Clark, and Wilson. The metal- 
lurgical explanations of the short breaks 
offered by previous writers reminded the 
author of Lord Kelvin’s remark to the 
British Institute of Civil Engineers on 
May 3, 1883: 

“T often say that when you can meas- 
ure what you are speaking about, and 
express it in numbers, you know some- 
thing about it; but when you cannot 
measure it, when you cannot express it 
in numbers, your knowledge is of a 
meager and unsatisfactory kind; it may 
be the beginning of knowledge, but you 
have scarcely, in your thought, advanced 
to the stage of Science, whatever the 
matter may be.”!° 

8 The Texas Company, New York, N. Y. . 

®*Turbine Engineering Dept., General Electric Co., 
Schenectady, N. Y. oe 

10 Popular Lectures and Addresses by Sir William 


Thomson, “Electrical Units of Measurement,” Vol. 1, 
p. 80, Macmillan and Co., London and New York (1891). 
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Discussion ON HIGH TEMPERATURE RUPTURE AND CREEP TESTS 


When C. L. Clark plotted Stress 
against Life on log-log paper and showed 
that the resulting straight line enabled 
the definite prediction of long-time 
performance, high-temperature rupture 
testing attained the status of a science 
and became capable of application by 
engineers. 

The various contributions of data 
from the experiences of the Detroit 
Edison Co. are valuable and welcome. 
More such information is needed. 

Mr. Crocker’s final question is im- 
portant. As far as the author knows, 
it is not now possible to detect the onset 
of any weakening until rupture is about 
to occur, and yet the regularity of 
behavior indicates that physical effects 
must be taking place. Doubtless more 


will be known about this in the fu- 
ture. 

Mr. Burghoff has mentioned an im- 
portant point in the superiority of 5000- 
hr. creep tests over 1000-hr. tests, al- 


though the author agrees with him that 
the shorter test is usually conservative 
as a creep test. In any case, as Mr. 
Burghoff states, information is needed 
on the rupture strength. 

Mr. Moore’s hint that the long-time 
tension tests on lead alloys show oc- 
casional evidence of a true rupture 
limit below which failure will not occur 
no matter how long the service, is very 
encouraging. However, regardless of 
how much we may hope for such a con- 
clusion, it seems necessary for the pres- 
ent to go by the indicated relationships 
until there is a sufficient accumulation 
of very tests covering 


a 
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of years to demonstrate the reality of 
such a limiting rupture strength. 

The author joins Mr. Higgins in his 
desire for more significant interpreta- 
tion of these data. The results suggest 
that the 4 to 1 factor of safety mentioned 
by Mr. Higgins was wisely chosen years 
ago. For that very reason it does not 
seem to the author that there is any- 
thing to show that the designs were in 
bad shape then. It is evident that the 
true factor of safety has been less than 
anticipated. Under such circumstances 
the accumulation of definite experience 
can easily justify the use of smaller 
factors of safety with reference to new 
knowledge, provided, of course, the 
experience is analyzed as systematically 
as test results, and presented in justi- 
fication of the proposed action. There 
is no more valuable guide for the 
designs of the future than the experi- 
ence of the past. 

In concluding, the author desires to 
note that Figs. 4 and 5 have been 
revised since the issuance of the preprint. 
The 30,000-psi. bar in Fig. 4 broke 
shortly after the original completion of 
the manuscript with a life of 9027 hr. 
and an extension of 7.5 per cent, both 
smaller than anticipated, and it seemed 
necessary to revise the extrapolation 
downward. Figure 5 was similarly al- 
tered without any further data at 
1000 F. The final point at 900 F. was 
just one more point lessening the un- 
certainty that might possibly have 
permitted the hope of a little larger 
elongation in connection with a long- 
time test. 
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HIGH-SPEED TENSION TESTS AT ELEVATED TEMPERATURES 


By M. MAnjorne! anp A. Napar! 
with 


SYNOPSIS 


Very little is known about the actual forces required to deform copper, steel, 
or some of the other ductile metals at very high velocities of strain and at 
elevated temperatures. A high-speed tension testing machine was developed 
in which the tension diagrams of metals were recorded. The test specimens 
occupied the axis of a copper coil which acted as an induction furnace, in which 
‘temperatures up to 1200 C. could be reached. The tension tests were carried 
out at an approximately constant relative velocity between the heads. Stress- 
strain curves were automatically recorded on the screen of a cathode-ray 
oscillograph, using the elastic strain in a very rigid steel bar as a means for the 
indication of the load and the relative movement of the heads of the specimens 
for determining the strains. A series of very rapid tension tests with soft 
annealed copper at elevated temperatures is described, while the results of 
tests with steel and other metals will be reported elsewhere. The general — 
trend of the speed law for plastic flow of copperisindicated. 7. is 


The continuous hot and cold strip 
mills built during the last 10 to 15 yr. 


in this country stand out as one of the 
most remarkable developments in the 


mass production of steel. In these con- 
tinuous mills, wide sheets of steel are 
rolled under high velocities. Rolling 
speeds of 1000 to 1800 ft. per min. and 
more are used. Very little is known 
about the forces required for the pure 
plastic forming of steel and of other 
ductile metals at the high straining 
velocities used for rolling of sheets or 
bars or for drawing of rods and wires 
from atmospheric temperature up to 
forging temperatures. 

Assuming a draft of 50 per cent in one 
single pass of a sheet, this would corre- 
spond to an elongation of 100 per cent 

1 Mechanical Engineer, and Consulting Mechanica] 


Engineer, respectiv ye Research Laboratories, Westing- 
house Electric and Manufacturing Co., East Pittsburgh, 


or to a conventional strain ¢ = 1 in the 
direction of rolling and to a conventional 
unit shear o = tan (90° — 28°) = tan 
62° = 1.88. Assuming further an enter- 
ing speed of 10 ft. per sec. and a leaving 
speed of 20 ft. per sec. or an average 
speed of v = 15 ft. per sec. = 180 in. per 
sec. of the sheet, a diameter of the rolls 
of 20 in. and a thickness of the sheet 
equal to 1 in. on the entering and of 
3 in. on the leaving side, the time for 
covering the horizontal width (~ = 2.24 
in.) of the pressure arc along the rolls 
corresponding to this reduction is of 
the order of ¢ = x/v = 2.24 + 180 = 
0.0124 sec. The mean rate of stretching 
of the shee‘ in the direction of rolling is 
therefore equal to ¢«/t = 1 + 0.0124 = 
80 per second. Deformation or strain 
rates of the order of 100 to 400 per 
second are practically realized in these 
rapid forming processes, although in 
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TEnsion Tests AT ELEVATED TEMPERATURES 


many cases the true linear rates of 
stretching in rolling or drawing may 
be somewhat less. It was thought that 
it would be of considerable general 
interest to investigate the laws of 
deformation of some of the ductile 
metals under these conditions up to the 
range of the hot-forming (forging) tem- 
peratures.2 In the high-speed tests to 
be reported below the strain rates varied 
from 100 to 1000 per second. The 
fastest rates in these tests were two to 
three times larger than the fastest rates 
encountered in rolling or drawing opera- 
tions. 

It is perhaps instructive to compare 
with these fast rates the other extreme 
range of deformation rates in which 
engineers are also quite interested in 
certain engineering applications. In 
steam turbines, machine parts are sub- 
jected to prolonged loading and to con- 
tinuous heat and must be designed so 
that very slow rates of deformation are 


prescribed. For example, the permis- 
sible “creep” may be one-tenth of 1 per 
cent strain in 100,000 hr. (corresponding 


to il yr. service). This would corre- 
spond to a “creep rate” of 10-* per hour 
or to a strain rate = 2.8 times 10~” per 
second. The fastest rate of the defor- 
mation which was mentioned above is, 
therefore, 3.6 X 10" times the slow rate. 

These figures may illustrate the enor- 
mous range of the order of 10“ over 
which the rate of strain may vary in 
different applications in engineering 
practice. The authors do not know of 
other engineering problems in which one 
of the physical variables would have to 
be considered over such a wide range of 


. > Plans for a survey of plastic deformation at extremely 
high rates of strain were submitted in 1937 to the Engi- 
neering Foundation in New York and to several companies. 
This work was sponsored by the A.S.M.E. Research Com- 
mittee on Rolling of Steel and carried out under a grant 
received from the Engineering Foundation and with the 

nancial assistance of United Engineering and Foundry 
Co. in Pittsburgh and the Westinghouse Research Labo- 
ratories, East Pittsburgh, 


its possible values* An _ ordinary 
“short-time tension test” in which a bar 
may be stretched 50 per cent in } hr. 
corresponds to a strain rate 0.5 + 0.25 
= 2 per hour or 2 + 3600 = 0.00056 
per second. 

For testing the behavior of metals at 
high velocities, originally torsion tests 
were planned with hollow specimens of a 
comparatively short length. Prelimi- 
nary tests, however, indicated that it was 
difficult to prevent plastic buckling of 
the short tubes and the torsion tests were 
abandoned in favor of rapid tension tests. 

The behavior of the ductile metals 
under fairly rapidly increasing or impact 
loads has been the subject of many in- 
vestigations. In the latter part of the 
nineteenth century the notched-bar tests 
in bending were introduced for studying 
the resistance of the metals to impact 
and since then a large engineering litera- 
ture has developed on this subject. 
References with regard to impact testing 
in bending and concerning the notched- 
bar tests will not be considered in this 
paper since the efforts of engineers and 
metallurgists to develop the notched-bar 
test as a means for testing heat treat- 
ment, notch sensitivity, and other more 
or less complex mechanical properties of 
the ductile metals have recently been 
treated at various occasions.‘ 

It was thought that it would be valu- 
able to review, briefly, first the more 
recent attempts of several investigators 
to describe the plastic behavior of the 
ductile metals under simple states of 
stress such as pure tension or compres- 
sion when the velocity of the plastic 
deformation is increased. The fact that 
the forces, under which the ductile 
metals yield continuously, increase in 

3 In hydrodynamics the Reynolds number determines 


the type of flow and the range of this fundamental variable 
is of the order of 107. 

4 Concerning impact testing, reference is made to the 
two symposiums on impact testing reported in Proceedings, 
Am. . Testing Mats., Vol. 22, Part IT, pp. 5-149 (1922); 
Vol. 38, Part II, pp. 21-156 (1938). 
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general quite considerably if the speed 
of the deformation increases, did not 
escape the attention of the early in- 
vestigators of the mechanical behavior 
of the metals and numerous references 
to it can be found in the older handbooks 
on testing of materials associated with 
the names of Hopkinson, Duguet, 
Tresca, de St. Venant, Martens and 
others, and in the handbooks on metals 
which were published during the last 
two or three decades of the nineteenth 
century. In connection with these at- 
tempts perhaps the name of Ludwik' de- 
serves to be mentioned especially, be- 
cause he clearly included the influence 
of the speed of plastic deformation in his 
considerations by stating that the in- 
ternal resistance of a metal to a perma- 
nent change of shape (at normal tem- 
perature) increases both with the 
permanent strains and also with the 
rates with which these latter are chang- 
ing. In his tension test experiments 
with tin wires he found that the ultimate 
stress increases as the logarithm of the 
rate of strain.6 As far as the yield 
stress at a given strain is concerned, two 
dissertations (Cassebaum and Deutler’) 
influenced by Prandtl® arrived at the 
same conclusion. The latter in his 
mechanical model of a solid body in- 
cludes for a certain range of the plastic 
rates of strain the logarithmic speed law 
as a general expression connecting the 
rates of strain with the yield stresses. 
For studying the influence of the 
speeds of plastic deformation upon the 
yield stresses, “dynamic” stress-strain 
curves observed in rapid tension or com- 
pression tests were compared with the 


5P. Ludwik, ‘“‘Elemente der technologischen Me- 
chanik,”’ pp. 44, 47 Julius Springer, Berlin (1909). 

6 Physikalische Zeitschrift, Vol. 10, No. 12, p. 411 (1909). 

7Cassebaum and Deutler, Doctor Dissertations, 
Goettingen (1911 and 1932). 

8L. Prandtl “Ein Gedankenmodell zur kinetischen 
Theorie der festen Koerper,” Zeitschrift fiir angewandte 
Mathematik und Mechanik, p. 85 (1928). 


“static” diagram taken under ordinary 
testing velocities. Two methods have 
been used: an indirect and a direct 
method. In the first the length / of a 
tension test specimen is observed as a 
function of the time ¢ while the bar is 
stretched by the falling weight or a 
vertical drop weight or a pendulum im- 
pact machine. From the curve / = /(t) 
the retardation d*//di? of the falling 
weight during the tension test is com- 
puted. By multiplying the mass of the 
weight with the retardation d?//dé the 
loads are found under which the bar is 
stretched. This indirect method seems 
to have been first applied by Plank.® 
It requires a double differentiation of an 
empirically given curve and for this 
reason cannot be considered as a con- 
venient or sufficiently exact method for 
obtaining stress-strain curves in rapid 
tests. In the second method for obtain- 
ing stress-strain curves the loads are 
directly observed. 

Koerber and Storp'® found for four 
carbon steels that the ultimate strength 
in their “dynamic” tensile stress-strain 
curves was 1.15 to 1.42 times larger and 
their elongation at rupture 1.05 to 1.12 
times larger than the corresponding 
quantities in the static tests. The 
maximum load was reached at a smaller 
amount of deformation than in the slow 
tests. The average rate of plastic strain 
in their tests was of the order of 100 per 
second. 

Meyer" stretched thin wires by a 
weight, which was not allowed to drop 
from a higher position, but was released 


Plank, “Betrachtungen iiber dynamische Zug- 
beanspruchung,” Zeitschrift des Vereines Deutscher 
Ingenieure, Vol. 56, pp. 17-24, 46.51 (1912). 

10 F. Koerber and H. Storp, “Uber den Kraftverlauf bei 
der Schlagpriifung,” Mitieilungen des Kaiser Wilhelm 
Instituts fiir Eisenforschung, Diisseldorf, Vol. 7, pp. 
81-97 (1925). Compare also F. Koerber and R. H. Sac 
Vol. 4, p. 11 (1922) in the same journal. - 

11 Eugen Meyer, ‘‘Der Verlauf des Zugversuches bei 
raschem Zerreissen,’’ Forschungsarbeiten des Vereines 
deutscher Ingenieure, No. 295 (Carl von Bach commemo- 


rative volume 62-73 (1927). 
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at the beginning of the test while already 
attached to the wires. The strain rates 
in these tests were a good deal smaller 
than those obtained by Plank or Koerber 
and Storp, and of the order of 5.0 per 
second. Correspondingly, he found a 
smaller speed effect for mild steel, brass, 
and copper (tested in the annealed and 
hard condition) and only an increase by 
a factor of 1.06 to 1.12 for the ultimate 
strength and even a decrease of the 
elongation at rupture. 

Brinkmann” ran a few impact tests 
with copper wires by recording the load 
with piezo crystals and found agreement 
between his tests and some compression 
tests made by Siebel and Pomp" regard- 
ing the influence of speed, for which he 
assumes the logarithmic law. 

Honegger™ computed the loads in his 
tension impact tests by a double differ- 
entiation of the recorded relative motion 
between the two heads of the test speci- 
mens. The velocity of the moving 
pendulum weight decreased in his tests 
during the process of the impact in the 
proportion 14:3. The initial rate of 
strain was of the order of 100 to 160 per 
second. For soft aluminum and for 
soft copper, respectively, he found the 
tensile strengths 1.22 to 1.27 and 1.19 
to 1.24 times and the elongations at 
rupture 1.18 to 1.27 and 1.11 to 1.25 
times, larger than in the static tests. 
For hard copper or aluminum the in- 
creases were less. The energy for break- 
ing these metals at room temperature 
was 38 to 52 per cent larger for soft 
aluminum and 30 to 35 per cent larger 
for soft copper than in the static tests. 


Brinkmann, “Zerreissversuche mit hohen Ge- 
schwindighelten,” Dissertation, Hannover, 32 pp. (1933). 

8 E. Siebel and A. Pomp, “Zur Weiterentwickelung 
es Druckversuches,”” Mitteilungen des Kaiser Wilhelm 
Instituts fiir Eisenforschung, Diisseldorf, Vol. 10, p. 55 
1928); “Einfluss der Formaenderungsgeschwindigkeit 
auf den Verlauf der Fliesskurve von Metallen, Vol. 10, 
P. 63 (1928). 

\« E. Honegger, ‘‘Schlagzerreissversuche an Aluminium 
und Kupfer,”’ Bericht 95, Eidgendssische Materialpriifungs- 
anstalt an der E.T.H., Zitrich, pp. 1-11, April, 1935. 


A valuable series of tension tests in 
which the effect of the speed of deforma- 
tion clearly showed up is the one reported 
by Weerts.'* Using the experimental 
setup of Meyer he observed the stress- 
strain curves of 27 single crystal bars of 
pure aluminum in tension tests, of which 
14 were tested dynamically, and 13 in 
slow tests. The gage length of the 
aluminum single-crystal bars was 100 
mm., their diameter 3.4 mm.; the crys- 
tals were broken in 0.1 sec. The bars 
broke at about 70 per cent elongation; 
the mean rate of strain of the rapid tests 
was of the order of 7 per second. It 
should be noted that test results were 
always compared for single crystals 
having a similar orientation of their axes 
in their initial positions relative to the 
direction of pull. Weerts found that the 
ultimate tensile stress in the dynamic 
tests was 18 per cent higher than for 
the static tests. 

In the preceding investigations either 
the Charpy pendulum or the drop weight 
type of impact machines were utilized. 
A rotary type of impact machine was 
introduced in France by Guillery™® in 
which the kinetic energy of a flywheel is 
used for breaking the specimens.” 

A rotary impact machine in which 
tension tests at considerably larger rates 
of stretching were run than any of the 
rates which were previously reached, 

15 J. Weerts, ‘‘Dynamische und statische Zugversuche 
Einzelkrystallen,” Dissertation, Berlin 

16 Guillery, Engineering, January 12, 1906, p. 49. A 
brief description with views of the Guillery tester may be 
found in the Book by A. Martens and E. Heyn, “Handbuch 
der Materialienkunde,” Part 2, Vol. A, pp. 380, 381 
Julius Springer, Berlin (1912). A view of a later type of 
this machine also in G. Charpy and A. Cornu-Thenard 
(Paris), “New Experiments on Shock Tests and on the 
Determination of Resilience,”” The Journal of the Iron and 
Steel Institute, Vol. XCVI, No. 11, pp. 61-119 (see Fig. 7 
on p. 87 (1917)). 

17 The wheel can be rotated by hand or by a motor. 
The notched bar is mounted on a movable support. With 
the wheel an iron mass is revolving in the path of which the 
bar has to be brought by a rapid motion. The impact 
energy is recorded by means of a hydraulic tachometer on 
which the drop of the speed of the wheel can be read. 


The rates of strain which could be reached in the Guillery 
impact machine were perhaps of the order of 200 per 
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MANJOINE 


was recently described by Mann.!* 
Steels and bronzes were tested up to 
maximum rates of strain of the order of 
3840 per second. Mann observed the 
impact energies (not the full diagrams) 
and found a “transition” velocity or 
tension rate of stretching characteristic 
of each metal, above which the impact 
energy would decrease rapidly with in- 
creasing strain rates. This transition 
strain rate he found at 1540 and 720 per 
second for an S.A.E. 1035 steel in the 
quenched-and-drawn and in the an- 
nealed condition, respectively. For an 
S.A.E. 2340 steel the corresponding 
rates were 2160 and 600, respectively. 

Moore"® used the elastic extension of 
a steel bar to measure the load on a 
tension test specimen which was rapidly 
loaded by a falling weight. 

A few high-speed tension stress-strain 
curves have been recorded by D. W. 
Ginns” in a machine, in which a large 
elastic spring served for loading. Forces 
were measured by means of a substance 
(carbon) whose electric resistance varied 
with the pressure exerted on it. The 
rates of strain were of the order of 60 
per second. 

Rapid tension tests were also reported 
by Clark and Datwyler who used a steel 
bar of rectangular cross-section around 
which was wound a fine constantan wire 
the electric resistance of which changed 
with the applied force in the steel bar. 
The rates of strain they observed were of 


18 H.C. Mann, ‘ Testing Mats, Va -Impact Tests,” 
Proceedings . Soc. Testi ats., Vol. 36, Part II, 
p. 85 (1936). This sedhine t is capable of producing a 
peripheral velocity of 1000 ft. per sec. or a rate of strain a 
12,000 per second in a 1 in. long specimen. The impact 
energy is observed by means of ape | the angular 
motion of a pendulum mounted coaxial, with the flyw 1 
19 H. F. Moore, “‘Measurement of the Force of Im 

by Means of the Elastic Stretch of a Steel Bar,”’ 
cont” . Soc. Testing Mats., Vol. 22, Part It, p. 124 
19 

20 The mechanical poogetties of some metals and alloys 
broken at ultra-high speeds. D.W.Ginns, Journal, Inst. 
Metals, Vol. LXI, p. 61 (1937). 

1D: S. Clark and G. Datwyler, “Stress-Strain Rela- 
tions Under Tension Impact Loading,” Proceedings, Am. 
Soc. Testing Mats., Vol. 38, Part II, p. 98 (1938). 
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the order of 150 per second. They 
found the ultimate stress 30 to 40 per 
cent higher than in the static tests and 
observed in a few cases a decrease of the 
impact energy in dynamic tests. 

One of the most extensive studies on 
the speed of deformation for metallic 
materials at low and at high tempera- 
tures which came to the attention of the 
authors is the series of papers on torsion 
impact tests by Mititosi Itihara.2? He 
used a somewhat unusual shape of speci- 
men having a constricted portion (8 mm. 
in diameter and 10 mm. long) in a 
cylindrical bar of 20-mm. diameter with 
an over-all length of 120 mm. The 
torques were measured by means of a 
spring. The deflection of the spring 
and the angles of twist were recorded by 
optical means on revolving drums as 
functions of the time. Rates of shear 
of 100 per second could be produced in 
the short gage length and differences of 
25 per cent between the torques in the 
dynamic and the static tests were ob- 
served at atmospheric temperature. 
The largest effects were found at the 
beginning of the stress-strain curves. 
The angle of twist at rupture was 10 to 
20 per cent larger in the rapid torsion 
tests. Mild steel, ingot iron, and a 0.3 
per cent carbon steel were investigated 
in an extended series of torsion tests at 
temperatures from —150 to 1000C. 
Itihara found that the blue-brittleness 
range shifted to a higher temperature 
and the maximum torque increased 
when the velocity of deformation was 
increased. In general the shape of his 
torque-twist curves had a great resem- 
blance to the tension test diagrams de- 
scribed below. 


22 “Impact Torsion Tests,” Technology Reports, 
Imperial Univ., Senday, Japan: First part, Vol. 11, pp. 
16 72 (1933); Second part, Vol. 11, pp. 73-95 (1934); thd 
part, Vol. 11, pp. 97-111 (1934); Fourth part, Vol. i, pp. 
112-165 (1934); Fifth part, Vol. 12, pp. 63-104 (1935); 
Sixth part, Vol. 12, pp. 105-118 (1935). 
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Fic. 1.—High-Speed Tension Test Machine. 
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fice, ie Fic. 2.—High-Speed Tension Test Machine (Top View). 
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A certain amount of criticism must 
be voiced concerning the use of such a 
short constricted portion as the one 
mentioned above in the gage length of 
Itihara’s test specimens. The ratio of 
the length to the diameter was 1.25. In 
such short specimens the distribution of 
stress in a torsion test must have been 
considerably disturbed or different from 
the plastic distribution of stress in a 
long cylinder; the shearing stress versus 


measuring devices. The force measur- 
ing bar a (see also Figs. 5 and 6) is 
attached to the upper head k. A cooling 
plug 6 (Figs. 5 and 6) is placed in series 
with the bar a and the test specimen c. 
‘This latter carries at its lower end an 
anvil d, a short cross-piece of steel which 
is threaded to admit the test bar (c). 
The specimen is heated by an induction 
furnace (e) consisting of a water-cooled 
copper tube wound as a helical coil. 


Fic. 3.—High-Speed Tension Test Machine. 


unit shear curves could hardly be pre- 
dicted from the observed torque-twist 
diagrams. 


The High-Speed Tension Test Machine: 


The machine shown in the Figs. 1 to 4 
consists of a flywheel driven by a d.c. 
motor, a pair of hammers rotating with 
the wheel, a pair of vertical columns 
carrying a heavy cross-piece on which 
the test specimen is mounted in a verti- 
cal position, and the force and strain 


= 


The force is applied to the specimen 
through a pair of hammers f striking the 
anvild. The two hammers / are pinned 
to the flywheel g by means of a heavy 
pin 7 around which they can be rotated. 
When the trigger / is released, the 
hammers are rotated in their striking 
position by means of the spring 7 which 
is attached to the flywheel g. The 
trigger is tripped by a solenoid operated 
pin (Fig. 2). 
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force is transmitted through the speci- 
men ¢ to the force-measuring bar a. 
The extremely small elastic extension 
of the bar @ is converted in an electric 
current impulse which is proportional to 
the force. The motion of the anvil is 
utilized for measuring the strain. When 
the anvil moves vertically downward, it 
cuts a light beam falling on a photo- 
electric cell (Fig. 6). The resulting 
current decrease is proportional to the 


slit 7. A vertical pin m which is welded 
to the bar a transmits the motion of the 
lower head of this bar to the slit / whose 
upper edge follows the motion of the 
upper head of the bar a. Through the 
0.002-in. slit a beam of light is projected 
which falls on a photoelectric cell 0.” 
To prevent overheating of the force- 
measuring bar a water-cooled plug 3b is 
inserted between this bar and the test 
specimen c. 


Fic. 4.—High-Speed Tension Test Machine. 


strain. These two current impulses are 
combined at right angles on the screen 
of a standard-type 168 Dumont cathode- 
ray oscillograph which therefore records 
the stress-strain curve. 

The force measuring bar a (Fig. 5) is 
made from a solid piece of tool steel. 
The two upright sections transmit the 
load to the upper head and their elastic 
deformation appears as a small change 
of the width of a very narrow optical 


The natural frequency of the lowest — 


mode of the longitudinal oscillations of 
the force measuring bar was made as 
high as possible. This frequency was 
estimated to be around 15,000 cycles 
per second. The attachments to this 
bar were kept as light as possible with 


23 A narrow illuminated slit through which the light 
falls on a photoelectric cell has been used in an extenso- 


. meter described by E. Lehr and H. Granacher:‘‘ Dehnungs- 


messgerit mit sehr kleiner Messstrecke,”’ 


Forschung, 
VDI, F. p. 66 (1936). 
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the intention of not reducing this fre- 
quency too much. The actual stress- 
strain curves showed that the lowest 
frequency of the system, consisting of 
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6 ten-thousandths of a second so that 
usually five to six principal vibrations 
appear in the fastest diagrams. It was 
noted that the amplitude of these oscilla- 


“a 
3-24 Threads 4 


0.200°diam. Lz 


Standard Test Specimen 


£°32Threads 
Composite Test Specimen 


Camera 


Fic. 5.—Force-Measuring Bar and Test Specimen. 
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Fic. 6.—Recording Systems of High-Speed Tension Test Machine. 


the force-measuring bar, the test speci- 
men, and the anvil, was of the order of 
10,000 vibration cycles per second. The 
duration of the fastest tests was 5 to 
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tions increases with the speed of plastic 
deformation and that these disturbing 
oscillations were damped down fairly 
rapidly in many of the materials which 
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> 


were investigated. At peripheral speeds velocities in dynamic systems of a similar 
above 1000 in. per second these oscilla- nature. 


800 C. Strain rate, 450 per second. 800 C. Strain rate, 900 per second. 
Fic. 7.—Original Photographs of Copper Tests. 


tions became seriously disturbing and it The illumination of the slit for | the 


must be doubted that diagrams could force measurements is shown in Fig. 6. 
successfully be recorded at much higher - By means of a lens, the light of a lamp  — 


— 
Af 
: 
25 C. 1000 C. 
Strain rate, 135 per second sg 
| 
400 C. Strain rate, 450 per second. 400 C. Strain rate, 900 per second. 
d 
4 bd 4 


is projected uniformly over the optical 
slit 4. The photoelectric cell 0, pickup, 
and d.c. amplifier are combined into 
one unit (Fig. 6). An R.C.A. No. 922 
cartridge-type of vacuum photoelectric 
cell was used. The force transmitted 
through the test specimen stretches the 
two uprights of the force-measuring bar, 
the result being that the width of the 
narrow slit / is slightly increased and 
more light passes through it to the 
photoelectric cell 0. The response of 
the photoelectric cell is finally converted 
by the usual means into a voltage under 
whose action a cathode-ray deflection is 
obtained on a screen proportional to the 
acting force in the test bar. 

To insure accurate and reproducible 
readings, the force-measuring system 
was calibrated frequently, usually before 
a series of tests and after it.% 

For the strain measurements a second 
optical system with a photoelectric cell 
was provided, all parts of which were 


mounted in two coaxial brass tubes, p 


% The calibration of the force-measuring system is 
accomplished in the following manner: The grid bias of 
the first stage tube of the d-c. amplifier is set to give a 
definite current in the output circuit at meter A1, Fig. 6 
when the light source, m, has been cut off from the optical 
slit, /. The lamp is now turned on and its intensity 
increased until the output current has been changed by a 
certain amount due to the light reaching the photoelectric 
cell, 0, through the no-load opening of the slit, /. When 
these no-load settings have been made, a load is applied 
to the force-measuring bar with dead weights acting 
through a lever arm. e change in the output current 
is noted for ge applied loads. From the resulting 
current versus load curve, the output voltages of the d-c. 
amplifier can be determined for all loads. The output 
voltage is put into the oscillograph vertical amplifier which 
is an a.c. amplifier and must be calibrated dynamically. 
This is accomplished by applying known a-c. voltages to 
the amplifier and measuring the resulting beam deflections. 
By combining the calibrations of the a-c. and d-c. ampli- 
fiers an over-all calibration can be determined which gives 
the screen deflection for any applied load within the ran 
of the calibration. The strain-measuring system is 
calibrated as follows: The lamp, rf, is set at a definite 
intensity to Ps a certain current in the photoelectric cell 
circuit which is measured at the meter (A2), Fig. 6. 
shutter, placed in the position of the anvil, is moved down- 
ward a hundredth of an inch and the resulting change in 
photoelectric cell current recorded. This is repeated 
until the light beam is entirely cut off. From the data 
obtained the voltage produced across the photoelectric 
cell load resistor can be computed. The load-resistor 
voltage is put into the oscillograph horizontal amplifier 
which is an a-c. amplifier. This amplifier is calibrated 
dynamically and in the same manner as the oscillograph 
vertical amplifier. By combining the calibrations of the 
photoelectric cell circuit and of the a-c. amplifier, an over- 
all calibration can be computed which gives the horizontal 
screen deflection for any anvil displacement. In addition, 
the total stretch of the broken test specimen is measured 
and compared with photograph record of the test. 


and q, below the anvil d (Figs. 1 and 6). 
The light of a small lamp r was con- 
verted to a parallel beam of light be- 
tween two condensing lenses. Only a 
rectangular portion (3 by 1 in.) of the 
parallel beam of light was utilized. 
When the anvil, due to the stretching 
of the test specimen, moves downward 
it intercepts the light and the resulting 
decrease of light causes a response of 
the photoelectric cell s which is recorded 
as a horizontal deflection of the electron 
beam moving across the screen of the 
oscillograph. The strain-measuring sys- 
tem was also frequently calibrated. 
The oscillograms appearing on the 
screen were photographed on 35-mm. 
Agfa ultra-speed panchromatic films in 
a Zeiss Contax camera equipped with 
a F 1.5 lens. 

Test Specimens.—Two types of test 
specimens were used (Fig. 5)—a stand- 
ard specimen for tests below 400 C., and 
a short bar for tests above this temper- 
ature. At the higher temperatures the 
longer bars conducted too much heat to 
the heads, and a composite specimen 
was used consisting of a shorter piece of 
the material to be tested and of two 


stainless steel heads screwed to the’ 


former. Through this arrangement the 
heat losses through the heads were 
considerably reduced due to the poorer 
heat conductivity of the steel and at the 
same time more heat could be generated 
in the steel ends from the induction 
furnace. The diameter of the test 
section is 0.2 in., the gage length is 1 in. 
with fillets of ;¢-in. radius at the shoul- 
ders. The effective gage length due to 
the presence of the two fillets was 
estimated to be 1.11 in. 

Several metals (steel, copper, alumi- 
num, and a very pure iron) were tested. 
In this report the high-speed tension 
tests made with copper will be described. 
The test specimens were machined from 
a %-in. diameter round bar of com- 
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mercially pure copper. The machined 
specimens were annealed by heating 
them in dry regenerated gas to 500 C. in 


5 hr. After this they were cooled to 
room temperature in 12 hr. 


Tests with Pure Copper: 


Nineteen specimens were tested at 
the following three rates of strain: 135, 


45000 
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45000 


Up, 
OF 

Strain, in. 
Fic. 8.—Stress-Strain Curves for Pure Copper 
at Elevated Temperatures, Strain Rate 
135 per Second. 
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Fic. 9.—Stress-Strain Curves for Pure Copper 
at Elevated Temperatures, Strain Rate 
450 per Second. 


450, and 900 per second corresponding 
to 166, 556, and 1110 r.p.m. of the fly- 
wheel. At each speed tests were run at 
room temperature and at 200, 400, 600, 
and 800 C. Ata strain rate of 135 per 
second tests were also made at 900 and 
1000 C. The melting temperature of 
pure copper being at 1083 C., in the last- 
mentioned test a temperature was 


reached which was 83 deg. Cent. below 
the melting point. The stress-strain 
curves were recorded on 35-mm. film. 
Tracings of some of the original diagrams 
are reproduced in Figs. 8, 9, 10, and 11. 
These curves show the influence of 
temperature and speed of testing. 
Several actual test photographs were 
selected at random and are shown in 
Fig. 7. From these diagrams the force- __ 
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Fic. 10.—Stress-Strain Curves for Pure Copper 
at Elevated Temperatures, Strain Rate 
900 per Second. 


0 02 04 06 

Strain, in. 
Fic. 11.—Stress-Strain Curves for Pure Copper | 
at High Rates of Strain at Room Temperature. 


elongation curve can be seen and 
measured with accuracy. The cross- 
sectioned grid seen in the photograph 
is a grid with 0.1-in. divisions which was 
placed over the end of the cathode-ray 
screen before the photographs were 
taken. The large spot at the origin isa 
fogging of the screen due to the fact 
that the cathode ray has not yet started 
its motion. As soon as the force is 
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_ applied to the specimen the electron 
beam traces the force-elongation curve 
on the screen. Several horizontal 
sweeps of the beam can be seen in 
_ addition to the curve. This is due to 
the fact that the hammers cut the 


$train-measuring light beam in every 


revolution of the flywheel. Thus as long 
as the beam is on and the camera open the 
horizontal displacement of the beam 
_ will be photographed when the strain 
measuring light beam is intercepted. 


amplitude of this superimposed vibra- 
tion increases with speed and with the 
applied force but decreases due to 
internal damping. The damping effect 
can also be seen in some of these curves. 
In Fig. 9, showing the curves taken at a 
strain rate of 450 per second, the 
amplitude of the vibration is small and 
the relative frequency appears higher. 
The result is only a small disturbance 
to the curve. At the lowest rate of 
135 per second, Fig. 8, the vibration has 


TABLE I.—RESULTS OF HIGH-SPEED TENSION TESTS WITH COPPER. 


deg. Cent. 


Strain Rate 


Strain at 
Ultimate 
Strength, 
per cent 


Ultimate Strength, psi. 
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28 
28 


200 
200 


200 
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400 
400 
600 
600 
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800 
900 
1000 
25 


Static (approx. 
5X 10") 


SSS 


® Stress based on original area. 
True stress based on actual area. 
© Broken in the threads. 


With reference to the stress-strain 


curves shown in Figs 8 to 11 it should 
be noted that the stress and strain 
scales are only approximate but close 
enough for purposes of comparison. 
The true values of stress and strain are 
listed in Table I. Figure 11 shows the 
effect of speed at room temperature. 
In Fig. 10 are the curves taken at a 
strain rate of 900 per second. The 
disturbances due to the vibration of the 
force bar system can be seen. The 


such a small amplitude and is of such a 
high relative frequency that practically 
no effect can be seen in the diagrams. 
The curves at the high temperatures of 
800 and 900 C. show the effect of stronger 
necking in the specimen. At these high 
temperatures, the smallest section in the 
neck is reduced to a point, consequently 
the load drops nearly to the value zero 
before the bar breaks. (Compare the 
photographs of = broken pieces in 


Fig. 16). ee 
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Figure 11 shows a static test besides 
three high-speed tests. The shape of the 
high-speed diagrams is nearly the same 
as that of the static test except that the 
initial portion of the curves is much 
steeper. The dependence of the ulti- 
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Fic. 12.—Effect of Strain Rate on Ultimate 
Stress of Pure Copper at Elevated Temperatures. 
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Fic. 13.—Effect of Strain Rate on True 
Stress at Ultimate of Pure Copper at Various 
Temperatures. 


mate strength and of the corresponding 
true stress on the ratesof strain isshown 
in Figs. 12 and 13. In Fig. 14 the same 
values are plotted against temperature. 
It is very remarkable that at such high 
temperaturesas 900 or 1000 C. a strong 


resistance still exists in a metal such as 
copper when it is deformed at these 
rapid rates of strain. For example, the 
ultimate stress at a rate of 900 per 
second at 1000 C. is approximately one- 
fifth of its value at room temperature. 
If one would compare these stresses at 
considerably lower rates of strain, the 
decrease at the higher temperatures 
would have been much greater. Such 
tests are contemplated for a further 
comparison. Finally, in Fig. 15 an 
attempt was made to represent in a 
semilogarithmic plot the effect of the 
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Fic. 14.—Effect of Temperature and Speed 
on Ultimate Stress for Pure Copper. 


speed of deformation over a wider range 
of the rates of strain than those used 
in the tests mentioned above. In Fig. | 
15 some points refer to static tests for 

copper at room temperature, assuming ~ 
a mean rate of 5 X 10 persecond. In 
addition a few points were plotted re- 
ferring to the fairly rapid test by Brink- 
mann and Honegger, and also to some 
slower tests by Siebel and Pomp. The 
various points seem to agree well with 
the general trend of an inclined curve 
which is nearly a straight line. The 
straight line would correspond in the 
semilogarithmic plot of Fig. 15 to the 
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Fic. 15.—Effect of Strain Rate of Pure i at = Temperatures on True Stress at Ultimate 
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Fic. 16.—High-Speed Tension Tests of Commercially Pure Copper. 


logarithmic speed law. This is also in 
agreement with some tests with various 
metals which were tested under constant 
strain rates at elevated temperatures.” 
From the evidence available it seems 
that the trend of the curve representing 
the general speed law of plastic deforma- 
tion at a given temperature is charac- 
terized by an inclined straight linein the 
semilogarithmic plot at the intermediate 
range of speeds. This curve bends off at 
both ends of this intermediate range. 
With a recently built constant strain- 
rate machine further points in the inter- 
mediate range of rates (10~ to 10° per 
second) are intended to be observed. 
The high-temperature tests recorded in 
Table I are also represented by the 
corresponding points in Fig. 15. 


% “Creep of Metals,’’ Proceedings, Internat. Congress 
Testing Mats., Group "A, Metals, London, p. 4 (1937). 
Itshould expressly be noted that the points to e compared 
in Fig. 15 do not refer tothe same strain. In amore exact 
comparison also the strains for which the points are to be 
compared (in Fig. 15) should be kept constant. In other 
words, a family of curves should be plotted for each 
temperature, not a single curve as shown in Fig. 15. 


at. 


wens 


Tension Tests at ELEVATED TEMPERATURES 


Acknowledgments: 


Acknowledgments are due to the 
American Society of Mechanical Engi- 
neers for supporting the plans of this 
investigation, to the Engineering Foun- 
dation in New York for a grant, to 
United Engineering and Foundry Co. 
in Pittsburgh for further funds made 
available, and to the Westinghouse 
Electric and Manufacturing Co. in East 
Pittsburgh for the experimental facilities 
offered in the Research Laboratories, 
including a high-frequency oscillator. 
Further thanks are particularly due to 
O. E. Hovey, Director of the Engineer- 
ing Foundation, F. C. Biggert, Vice- 
President of United Engineering and 
Foundry Co., and E. A. Holbrook, Dean 
of the University of Pittsburgh for their 
personal interest in this work, and to 
L. W. Chubb, Director of the Westing- 
house Research Laboratories, for sup- | 
port received from the laboratories. -~ 

he 


4 
| 
| 


Mr. Cyrit STANLEY SmitH.'—Can the 
authors give some additional particulars 
in regard to the heating of the specimen? 
In particular it would be desirable to 
know the speed of heating and the extent 
of temperature gradients (both radial 
and longitudinal) existing in the speci- 
men at the time of testing. With rapid 
high-frequency induction heating such 
gradients might not be negligible. 
Where was the thermocouple placed for 
measuring specimen temperature? 

Mr. J. M. regard 
to the wavy form of diagram shown 
by Fig. 7, I should like to ask the authors 
whether it is their opinion that this is due 
to the characteristics of the loading or to 
the material itself. If reference be made 
to a previous paper by de Forest* it 
will be seen that wavy stress diagrams 
of a somewhat similar nature are some- 
times obtained, but that it was believed 
this was due to the particular material 
characteristics. The comments of the 
authors would be appreciated on this 
point. 

Mr. C. W. MacGrecor.*—In Table I 
it is shown that the uniform strain up 
to the ultimate strength decreases fairly 
rapidly with increased velocity, es- 
pecially at the high temperatures. The 
total strain shows the same effect. 
Since the material reported herein was 
copper, I should like to ask whether the 


1 Research Metallurgist, American Brass Co., Water- 
bury, Conn. 

2 Associate Professor of Mechanical Raginosring, 
Engineering Dept., Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

3 A. V. de Forest, ‘‘Some Experiments on the Plastic 
Elongation of Wire,”’ Proceedings, Am. Soc. Testing Mats., 
Vol. XVI, Part Il, p. 455 (1916). . 

4 Associate Professor of Applied Mechanics, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 
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same result was found in the other ma- 
terials tested. 

Mention is made of Mann’s tests at 
the Watertown Arsenal in which he gets 
a transitional velocity. I was wondering 
whether the authors have also found 
such a critical velocity. I understand 
Mann finds a critical velocity in the 
neighborhood of 700 or so for annealed 
mild steel, and since the authors’ tests 
come within that range, it would be 
interesting to know whether they also 
had found the same effect. 

Mr. A. Napat.®—Mr. Lessells asked 
the question whether we believe that 
the waviness in some of the recorded 
stress-strain curves of our rapid tension 
tests was due to an inherent property of 
the materials tested or to something 
else. We are pretty certain that the 
waves which appear superposed on some 
of these curves were not caused by prop- 
erties of the material but were due to 
vibrations of the mechanical system. 
Several observations can be quoted to 
substantiate this statement. If one tries 
to simplify the mechanical system one 
may describe it as consisting of an 
elastically stiff member (the force meas- 
uring device) attached to a very large 
mass (the heavy cross beam of the 
machine) and supporting some smaller 
masses (the anvil and the test bar). 
Mr. Manjoine has made an approximate 
computation of the lowest natural fre- 
quency of this system and the experi- 
ments showed that the waves in the 


5 Consulting Mechanical Engineer, Research Labo- 
ratories, Westinghouse Electric and Manufacturing Co., 
East Pittsburgh, Pa. 
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diagrams had a frequency of this order 
of magnitude: namely, about 10,000 
cycles per second. Knowing the mean 
rate of stretching in the recorded dia- 
grams it is easy to estimate the times 
for one cycle of the oscillations. The 
faster the rates were the fewer waves 
appeared in the diagrams but the more 
the latter appeared disturbed. We drew 
also the conclusion which we have not 
expressed in the paper that it is prob- 
ably difficult or impossible to record 
such diagrams at much higher speeds 
than the fastest ones which were used 
in these tests, because of the increasing 
dynamic disturbances through the vio- 
lent oscillations of the mechanical sys- 
tem at still higher velocities. 

Referring to the question raised by 
Mr. MacGregor, we have to reply that 
we never observed a critical velocity in 
our tests. The following materials were 
tested: copper, aluminum, pure iron, 
and mild steel. In not one case have we 
found a critical speed at which the 
energy of deformation as represented by 
the area of the stress-strain curve started 
to decrease with the increasing speeds 
of testing. We believe that in mild 
steel we have probably covered the 
range of the speeds in which a critical 
speed should have been observed. 

I may mention that Mr. G. F. Jenks 
made the suggestion that one and the 
same material should be tested in the 
machine at Watertown Arsenal and 
the one in Pittsburgh. We have fur- 
nished specimens of copper to Water- 
town Arsenal with the request that they 
be tested within the range of strain 
rates in which a critical speed was to 
be expected. I had a letter a few days 
ago stating that no critical speed was 
found for this copper at the observed 
rather low velocities. The same was 
the case for the bars which were tested 
in Pittsburgh. Soft copper may not 
have been the proper metal for in- 
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vestigating the question. Some further 
comparative high-speed tension tests 
with steels are pending. 

Mr. M. Manyjorne.’—In answering 
the first question raised by Mr. Mac- 
Gregor, I can say that in general, for 
all the materials which were tested, the 
uniform strain up to the ultimate 
strength decreased with increasing strain 
rate whereas the total strain increased. 
This is also true for copper as shown in 
Table I. Mr. MacGregor may have 
been lead to believe that the total strains 
decreased because at the highest velo- 
city which was tested some of the speci- 
mens were unbroken in the gage length 
and the value of total strain reported 
refers to the partial strain of the test 
section. 

Answering Mr. Smith, it should be 
noted that the temperature of the copper 
specimen was measured by a potenti- 
ometer through a thermocouple placed 
at one end of the test section. From a 
previous calibration we found that 
we could obtain a uniform temperature 
over the entire gage length to within 
5 C. by adjusting the field of the induc- 
tion furnace, that is, by proper spacing 
of the turns of the furnace coil. No 
visible effect of a radial gradient of the 
temperature could be observed because 
the specimen showed the same type of 
fracture (cup and cone) for 200 C. as 
for room temperature. At 600 C. and 
above the specimens necked down to 
nearly a point which would be impos- 
sible if the surface were hotter than the 
central portion. This is in accordance 
with what we might expect of copper 
which has a high thermal conductivity 
and for a case in which a larger portion 
of the heat generated was conducted 
into the gage length from the heads 
which are } in. in diameter compared 
to 0.2 in. in diameter at the test section. 

6 Mechanical Laboratories, West- 


inghouse, Electric and ufacturing Co., East Pi 
burgh, Pa. 
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bP MECHANICAL PROPERTIES OF GRAY CAST IRON IN TORSION 
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‘a By JASPER O. DrarFin,! W. LEIGHTON CoLLins,! AND CARL H. CASBERG? 
Tests of hollow cylinders of gray cast iron having various ratios of wall 
thickness to outside radius are reported. Two sizes of cylinders were used, 
outside diameters of 34 and 43 in., with ratios of wall thickness to outside 
radius (¢/r) ranging from 0.443 to 0.057. Tension specimens were cut from 
‘various parts of the cylinder wall in a number of unmachined castings in 
order to furnish additional information on the mechanical properties and 
uniformity of the cast iron. 
The results obtained corroborate those found in earlier torsional tests of 
small solid and hollow cylinders and show that the modulus of rupture ranges, 
in a fairly regular curve, from 1.36 times the tensile strength for a solid cylinder 
to a value of 0.73 times the tensile strength for a hollow cylinder having a 
ratio of wall thickness to outside radius of 0.057. The curve, if extrapolated 


to zero ¢/r, gives a value for the modulus of rupture equal to 63 per cent of the 
tensile strength. 


SYNOPSIS 


In 1938 and 1939 the authors pre- 
sented before the Society papers*: ‘ 
dealing, among other things, with the 
torsional properties of ordinary gray 
cast iron and of high-strength alloy 
cast iron. In the discussion of the 
papers it was suggested that informa- 
tion would be desirable over a greater 
range of sizes, larger diameters, and 
smaller ratios of wall thickness to outside 
radius (¢/r) than those presented in the 
papers. Such tests have been made 
and are herein reported for cylinders 
having outside diameters of approxi- 


1 Professor, and Assistant Professor, respectively, 
Department of Theoretical we Applied Mechanics, 
University of Illinois, Urbana, I 

2 Professor of Mechanical ‘Engineering, University of 
Illinois, Urbana, III. 

sj. O. Draffin and W. L. Collins, ‘Effect of Size and 
Type, of Specimen on the Torsional Properties of Cast 
Iron,” Proceedings, Am. Soc. Testing Mats., Vol. 38, Part 
II, p. 235 (1938). 

4J.O. Draffin and W. L. Collins, “Mechanical Pro 
ties of a High-Strength Cast Iron,” ” Proceedings, Am. 
Testing Mats., Vol. 39, p. 589 (1939). 


mately 33 and 43 in. and with wall 
thicknesses ranging from 0.70 in. to 
0.10 in. 


MATERIAL, TEST SPECIMENS AND TESTS 
Material: 


Twenty hollow circular specimens 
were cast with square ends. Ten had 
33-in. outside and 13-in. inside diameters 
and ten had 44-in. outside and 23-in. 
inside diameters. Additional details of 
the castings are shown in Fig. 3 (a). 
All cylinders were cast in a vertical 
position, one of each size in a flask, and 
were poured from the bottom, both from 
the same sprue. The first pair of 
cylinders in each heat was marked No. ! 
and so on to No. 5, the last pair to be 
poured in each heat. Both heats of 
iron were melted in a cupola furnace. 
Heat No. 1 consisted of 40 per cent each 


| 
4 
4 
| 
q > 
we 


(a) Unetched (X 50). 7: (b) Etched with 2 per cent Nital (X 100). 
Heat No. 1, Cylinder No. 2. 


(c) Unetched (X 50). (d) Etched with 2 per cent Nital (X 100). 


Fic. 1.—Typical Structure of Cast Iron, 
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of new pig and scrap cast iron and 20 
per cent steel scrap, with the addition 
of small amounts of nickel and molyb- 


denum in the cupola. Heat No. 2 _ Silicon, per cent 
Sulfur, evolved as H2S, per cent... 
consisted of 50 per cent each of new pig Sulfur, gravimetric, per cent 
Manganese, per cent 
and scrap cast iron. Phosphorus, per cent 


‘ 4 Total carbon, per cent 
The chemical composition of the two Graphite, per cent 


Combined carbon (by difference) 
heats, as determined by the American ; 


Copper, per cent 


Cast Iron Pipe Co., are as follows. Chromium, per cent 


m P Nickel, per cent 
Each value is the average of duplicate Molybdenum, per cent 


analyses except as noted: 


@ Single analysis. 


(6) 34-in. cylinder. 
Fic. 2.—Typical Structure of Section of Cast Iron Etched with 2 parts H,SO,, 1 part HCl and 2 
parts H,O. Natural size. 


Heat Heat 
—” No. 1, No. 2, { 
ae Cylinder Cylinder 
0.2 0.2 ] 
1.84 2.43 
0.099 0.083 
0.119% 0.093% 
0.53% 0.99% { 
- 0.52% | 
oe 3.20 3.47 
j 2.59 2.68 
0.61 0.79 
0.08% 
ar? 0.03 0.79 
0.13¢ 
0.02 
— 
’ 
(a) 44-in. cylinder. 
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Photomicrographs of the typical in- 
ternal structure of both heats are shown 
in Fig. 1, and etched sections, natural 
size, are shown in Fig. 2. The location 
in the castings from which the specimens 
for metallographic study were taken is 
shown in Fig. 3 (c). 


Specimens: 


From the castings, see Fig. 3 (a), 
specimens were machined according to 


44° Cast 
Large Too! Marks Removed by Grinding 


4$" Castings 


b) 
( 3$" Castings 


"2600", 
= 1.700" b= 3.400" 


dee 


44° Castings 
4,50" +0 


00" 
g* 0.437" 


Casting 4-1-2, Specimens Morked “A 
Casting 4-2-1, Specimens Marked 


because of the limitations on the equip- 
ment available for reaming the interior 
of the cylinders. Consequently 
outer surfaces of the various torsion 
specimens were at different distances © 
from the outer surface of the casting. 
In order to determine whether any 


the 


variation, and if so how much, existed © 


between the outer and inner parts of 


the wall of the casting and in order to 
correlate the data from the different — 
heats, small tension specimens, in. 


in diameter, were cut from the walls of f 


unmachined castings in such positions 


in the cross-section of the casting as 
the center of the wall thickness of each 
torsion specimen. The locations 


that the center of one small specimen 
was at approximately the same location _ 


of 


these tension specimens and their di-— 


mensions are shown in Fig. 3 (c) and (d). 


Tests: 


Torsional tests were made in a 230,000 _ 


in-lb., Olsen, 
Strains were measured over a gage 


length of 5 in. by means of a wire- _ 
wound dial instrument on which one | 
division on the dial equals 0.0001 radian © 


power-driven machine. 


per inch. Readings were taken at close 


in & 
Fic. 3.—Castings and Specimens. 


(a) Castings (b) Torsion specimens 
(c) Location of tension specimens (d) Tension specimen 


(d) Small Tension Specimen 


the sketches shown in Fig. 3 (6). The 
inside diameters were machined to ap- 
proximately 1.75 in. and 3.25  in., 
respectively, for the 33-in. and 44-in. 
diameter castings, the differences in the 
wall thickness of the different specimens 
being obtained by varying the outside 
diameters; this method of obtaining 
various wall thickness enabled the ma- 
terial at the inside of all the specimens 
to be at the same distance from the 
inside of the castings and was used 


intervals, one or two divisions, in the 


lower range of loading and at inter-— 


mediate values up to five or ten divi- 
sions in the higher ranges of loading. 
Fracture occurred in the regular helical - 


manner for all specimens tested in 
There was no evidence of a 
buckling failure even with the thinnest _ 


torsion. 


cylinders. 


When the tension test specimens were _ 


being machined it was found that a 
number of them had blowholes or other 


defects, which made it necessary to dis- 


card them, but otherwise all of the 
material in all of the tests reported ap- 


structure. 
in a 10,000-lb. machine and 


peared to be reasonably uniform in 
The tension tests were made © 


2 
Jer 
2 
3 
--4------- 
-__L \Reamed fo Size, 
| 
Metal! 
— 
—5.50* 
6*3.50" e+0387" 
e d=1.25" f+0.462" 
¢*0.350" 
Casting 3-1-2, Morked 
Ss 
nnnn 
3 
and 2 
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strains were measured with an attached 
extensometer, reading directly to 0.0001 
in. per inch, which remained on the 
specimen until rupture. 

In addition to the tests reported, a 
series of torsion and tension tests were 
made on cylinders from a different heat 
of iron. A discrepancy appears to exist 


herein as the general trend of the results 
is the same. 


TEST RESULTS AND ANALYSIS OF TEST 
DATA 


The data for the tension tests are 
given in Table I and for the torsion 
tests in Table II. Typical stress-strain 


TABLE I.—DATA FOR TENSION TESTS. 


Specimens with numbers 1 to 8 following the T, as T7, are from the upper portion of the casting; those with numbers 
9 to 16 are from the lower portion of the casting. In both upper and_lower portions the number relates the location of 
the tension specimen in the casting to the location of the wall of a cylinder tested in torsion. The smaller numbers are 
for specimens nearest the inner wall of the casting and the larger the number the farther is the specimen from the inner 


wall. 


Corresponding 
Specimen 
in Torsion 


4-1-1G4 
{1-363} 


4-1-4G2 


3-1-4G3| 
3-1-5G4) 


Specimens Tested} Diameter, in. 


Maximum 
Tensile Unit 
Strain, in. per inch 


Maximum Load, | Ultimate Tensile 
Ib. Strength, psi. 


35 100 
34 300 
33 100 
35 500 
34 500 - 0.00575 


33 300 0.00495 
33 100 0.00430 


33 200 0.00462 
21 800 0.00260 
19 300 0.00175 
20 500 0.00218 


16 500 0.00463 
16 500 0.00420 
16 600 0.00370 


16 500 0.00418 


TABLE II.—DATA FOR TORSION TESTS. 


Ratio 
Diameter, in. | Wall’ |Maximum| Modulus 
Thick- | Twisting f 


Maxmium Unit 
Strain, in. per inch 


ness to 


| ness, in. 
Outside | Inside 


Shear | Tension | 


0.0194 
0.0257 
0.0177 
0.0123 


0.0300 
0.0313 
0.0192 
0.0133 
0.0086 


$8285 8885 


ss 8 


nu 


ooo 


Unt 


ao 


between the results of the torsion and 
tension tests of this series. It is thought 
that further tests will clear up the dis- 
crepancy, but since there was not time 
to make these further tests it seemed 
best not to include any of the data for 
that heat of iron in this paper. It 
seems quite likely, however, that the 
results will corroborate those given 


é . 


curves for the tension tests are shown 
in Fig. 4 and similar twisting moment - 
angle of twist curves for the specimens 
tested in torsion are shown in Fig. 5. 
The tension tests were made primarily 
to obtain the ultimate tensile strength 
and the ultimate tensile strain. While 
typical curves are plotted in order to 
show the general stress-strain charac- 


1 
+ T 
te 
0.375 388 
0.375 378 
0.374 3645 
|| 0.374 3640 
| 0.374 | 2395 
4-2-4G2 0.374 2120 
3-2-5G2 0.375 1820 
0.374 1830 
..... 
| of Elastic- 
| ity, psi. 
$-24G7...........| 3.150 | 1.752 | 0.699 | 0.443 | 105600 | 1910 0.0097 
— BA-SG4.00........] 2.599 | 1.753 | 0.423 | 0.325 | 98300 | 3600 0.0129 
3-1-4G3...........] 2.364 1.816 | 0.274 | 0.232 | 52500 | 3100 0.0089 
2.210 1.816 | (0.197 | 0.178 17800 | 1540 0.0062 
| 
4 4-1-1G4...........| 4.002 | 3.252 | 0.375 | 0.187 | 236.000 | 33 30 0.0150 
#-1-3G3...0.......| 3.844 | 3.251 | 0.296 | 0.154 | 184800 | 3390 0.0157 
iy veseee| 3,647 | 3.251 | 0.195 | 0.107 | 105500 | 3010 0.0096 
ad ...| 3.607 | 3.253 | 0.177 | 0.098 | 48200 | 1550 0.0067 
a 3.450 | 3.252 | 0.099 | 0.057 25500 | 1510 0.0043 I 
I 
1 
§ 
‘ 
= 
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Fic. 4.—Typical Stress-Strain Curves in 
Tension. 


teristics of the cast irons, it is not con- 
sidered that the curves are sufficiently 


280000 


strain ratio are based on the average 
values of tensile strength and strain 
(see Table I) for each heat and size of 
casting. In Fig. 6 are plotted also the 
values obtained for these quantities 
from similar tests made and reported in 
1938 and 1939. 

Since the tests herein reported were 
made in response to questions con- 
cerning the validity of the application 
of previous tests on cylinders only 1 in. 
in diameter to larger cylinders and also 
to smaller ratios of ¢/r than it was 


‘nad 


Hiss 


Twisting Mome 


g 8 
8 8 


3-2-4G7 


49.000 


/ 


3-1-4635 


Angle of Twist, radians per inch 


Fic. 5.—Typical Twisting Moment - Angle of Twist Curves. 


reliable to be used for the determination 
of the modulus of elasticity. It will be 
observed that the ultimate tensile strain 
for the 44-in. casting of heat No. 2 
is only about one-half the ultimate 
tensile strain of the 33-in. casting from 
the same heat. The 34-in. casting was 
poured after the 43-in. casting and there 
may have been some change in the iron 
in the cupola between the two pourings. 

A comparison is made in Fig. 6 of the 
ratio of modulus of rupture in torsion 
to tensile strength in direct tension 
(strength ratio) and of the ratio of 
maximum tensile strain in torsion (ten- 
sile strain is assumed to be one-half the 
shearing strain) to maximum tensile 
strain in tension (strain ratio) with the 
ratio of wall thickness to the outside 
radius. Both the strength ratio and the 


uo 
o 


average of 2 or 
* 1940 tests -Each point 
represents one test —— 
| 


Maximum Tensile Strain in Tension 


58 


Tensile Strength 
2 o 


Modulus of Rupture in Torsion Maximum Tensile Strain in Torsion 


060 
100 080 O60 O40 020 


Wall Thickness 
Outside Radius 

Fic. 6.—Curves Showing Relationship in 
Torsion Between Modulus of Rupture and ¢/r 
and Between Maximum Tensile Strain and 
t/r. 
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possible to obtain with the smaller 
cylinders, the tests reported here cover 
a relatively smaller range than the 
earlier tests. However where they over- 
lap the earlier tests there is an excellent 
agreement, at least so far as the strength 
ratios are concerned. ‘The strain ratios, 
taken as a whole, do not give as con- 
sistent results as the strength ratios, 
but they do show that for a given iron 
there is a definite decrease in the maxi- 
mum unit strain obtained as the ratio 
t/r decreases. However, after t/r has 
decreased to about 0.2 there seems to 
be no further decrease in the strain 
ratio. Some of the scatter in the strain 
ratios for the lower values of ¢/r is due 
to the low values of the maximum strains 
found for tension specimens 4-2-1T3 
and 4-2-1T10, because it is on the 
maximum strains of these specimens 
that two of the high values of strain 
ratios are based. 

In considering the closer agreement 
between the strength ratios as compared 
with the strain ratios, it should be borne 
in mind that such a variation may be 
expected. Because of the relatively flat 
portion of the upper part of the stress- 
strain diagrams, a failure due to the 
presence of some minor defect may cause 
the ultimate strength to be reduced only 
about 10 per cent while the maximum 
strain will be reduced as much as 35 


per cent. 
CONCLUSIONS 


1. The tensile strengths of the speci- 
mens from the different castings are 
quite uniform within each heat (maxi- 
mum variation from average is about 4 
per cent) but differ between heats; the 
maximum tensile deformations are 
reasonably uniform within each heat 
except in one case. 

2. There is no evidence of any 
buckling failure in any of the thin 
cylinders, 


3. The results of the tests on hollow 
cylinders 3} and 4% in. in diameter are 
in agreement with tests previously re- 
ported for solid and hollow cylinders 
having diameters of 1 in. 

4. The ratio of the modulus of rupture 
in torsion to the ultimate tensile strength 
in direct tension (strength ratio) is 
independent of the external diameter 
of the cylinder; The variation of this 
ratio for a given quality of iron de- 
pends only upon the ratio of the wall 
thickness to the outside radius. 

5. For all tests reported, the ratio of 
the modulus of rupture in torsion to 
the ultimate tensile strength in direct 
tension (strength ratio) varies in a 
smooth curve from 1.36 for a solid 
cylinder to 0.73 for a_ thin-walled 
cylinder having a ratio of wall thickness 
to outside radius of 0.057. This curve, 
when extrapolated, gives a strength 
ratio of about 0.63 for zero ¢t/r. 

6. The ratio of the maximum tensile 
deformation developed in torsion to the 
maximum tensile deformation developed 
in tension (strain ratio) decreases as 
the ratio of wall thickness to outside 
radius decreases until a ¢/r value of 
about 0.2 is reached after which there 
is no further definite change. 
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Mr. H. F. Moore.'—In the results of 
torsion tests of cast iron quoted in this 
paper there is an indication that the 
fracture of cast iron follows the maxi- 
mum strain theory rather than the 
maximum stress theory. 

In a torsion specimen the maximum 
shearing stress is either on a longitu- 
dinal section or on a cross-section 
(horizontal or vertical). On one of the 
sections making an angle of 45 deg. 
with the maximum shearing stress there 
is a tensile stress equal in magnitude 
to the maximum shearing stress. On 
the other 45-deg. section there is a 
compressive stress of the same mag- 
nitude. 

The shearing strength of cast iron is 
greater than its tensile strength and 
torsion specimens of cast iron fail along 
the “tensile” 45-deg. section. 

Now if the maximum stress theory 
holds, the stress at fracture for cast iron 
should be the same for a torsion test of 
a hollow specimen as for a tension test. 
If the maximum strain theory holds, 
the compressive stress on one 45-deg. 
plane of the torsion specimen would 
lower the resistance to fracture on the 
other 45-deg. plane (Poisson’s ratio 
effect). The latter seems to be the 
case. 

This result is in harmony with results 
obtained a good many years ago by two 
Japanese experimenters Matsumura and 
Hamabe. Gough’s fatigue tests’ of 


‘heel Professor of Engineering Materials, Uni- 
versity of Illinois, Urbana, III. 

*T. Matsumura and G. Hamabe, “‘Tests on the Com- 
bined Bending and Torsional Strength of Cast Iron,” 
Memoirs, College of Engineering, Kyoto Imperial Univer- 
sity. Vol. 1, No. 2, February, 1915, 85 PP. 

J. Gough and HV. Pollard, “The Strength of 
Material. Under Combined Alternating Stresses,”’ (see 
discussion), Proceedings, Inst. Mechanical Engrs. 


(British), Vol. 131, pp. 3-103 (1935). 


ott 


cast iron under combined shies oa 
results falling between the two theories. 

Mr. J. M. Lesserts.*—I should like 
to ask the authors whether they be- 
lieve that the differences in the ma- 
terials, as evidenced by the photo- 
micrographs, would influence the results. 

Messrs. J. O. Drarrin®, W. L. Cot- 
LINs’ AND C. H. CasBerc® (Authors’ 
closure by letter).—Reference is made in 
the paper to tests on a third heat of 
iron, the data for which were not re- 
ported. In this third heat, similar to 
heat No. 1 except that heat No. 3 con- 
tained 1.05 per cent nickel and 0.44 
per cent molybdenum, the tensile 
strengths of specimens cut from the 
two No. 5 cylinders, 33 in. and 4} in., 
were much lower than was expected. 
From a study of the pouring procedure 
for this heat and the general appearance 
of the iron, as well as the strength 
properties, it became clear that the iron 
in the No. 5 cylinders was not like that 
in the cylinders tested in torsion and 
consequently the data from these tension 
test specimens were discarded. In order 
to overcome this lack of knowledge of 
the tensile strength of heat No. 3, $-in. 
specimens were cut from the rectangular 
ends of two of the cylinders tested in 
torsion, 3-3-2G3 and 4-3-3G4, and 
tested. Because the rectangular ends 
of the cylinders were short, the gage 
length of the tension test specimens 
was only 1 in. and consequently no 


4 Associate Professor of Mechanical Engineering, 
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ogy, Cambridge, Mass. 
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University of 


re 
e- 
re 
th 
is 
er 
Lis 
le- 
all 
ol 
to 
ct = 
a 
lid ere 
ed 
28S 
ve, 
th 
‘ile 
he 
ed 
as 
ide 
of 
ere % 
as - 
ing 
‘ity 
ade 
ra- 
the 
ing 
in i 
E. 
"4 
ical 
rere 
ron 
4 
= 


strain measurements were made. The 
tensile strengths obtained from these 
specimens are believed to represent the 
average tensile strengths of the cylinders 
tested in torsion. The properties in 
tension and torsion and the ratios of 
the modulus of rupture to the tensile 
strength are given in the accompanying 
Table I. 

Comparison of these ratios with those 
shown in Fig. 6 shows that the strength 
curve should be somewhat flatter at 
the smaller ratios of ¢/r than the one 
shown. It would appear from all the 
data which have been presented that the 
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20 per cent, while the tests show a de- 
crease of about 15 percent. Apparently 
this affords some confirmation of the 
maximum strain theory. However, 
when strains are compared the evidence 
is not as convincing. Taking an aver- 
age of many tension tests the average 
maximum tensile strain for cast iron is 
roughly 0.006 in. per inch and, according 
to the maximum strain theory, failure 
should occur when the thin cylinders 
are strained in tension to this amount. 
However, most of the cylinders tested 
in torsion developed tensile strains 
somewhat above 0.006 in. per inch. 


TABLE I.—PROPERTIES OF CAST IRON FROM HEAT NO. 3. 


Torsion 


Ratio of 


Thickness 


Modul 
to Outside odules 


of Rupture, 


Maximum Strain, 
in. perinch 


Modulus of 

Rupture in 

Torsion to 
Tensile 


Tensile 


Modulus of Strength, psi. 


Elasticity in 


Radius psi. 


Tension 


Shear, psi. Strength 


4-3-1G1 


(Avg. of 4 tests, 
36,100)? 


(Avg of 3 tests, 
32,200)* 


oo 


@ Maximum variation, 5.8 per cent above and 5.6 per cent below. 


strength ratios will remain approxi- 
mately constant for ¢/r ratios of less 
than about 0.20. It is probable that 
for average irons of uniform quality few 
strength ratios will fall below 0.85, which 
is the value reached when ¢/r is about 0.2. 

The suggestion of Mr. Moore that the 
results of these tests constitute evidence 
supporting the maximum strain theory 
is interesting. According to this theory, 
and assuming Poisson’s ratio as 0.25 
and the modulus of elasticity constant 
and the same in tension and compres- 
sion, the reduction in tensile strength 


But it should be remembered that there 
is little information on the value of 
Poisson’s ratio for cast iron and but 
little real knowledge of the action of 
cast iron under combined stress. Fur- 
thermore, for reasons which it would 
take too long to discuss, it is the opinion 
of the authors that some of the larger 
strain ratios shown in Fig. 6 for small 
values of ¢/r are not as reliable as the 
smaller strain ratios. Consequently it 
may be concluded that the strength 
values tend to confirm the maximum 
strain theory while the strain values do 
not do so, although they do not definitely 


for the thin cylinders would be_about . contradict it. 


seat) 


| Ratio of | | | 
_— 
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STRESS-STRAIN RELATIONS FOR MALLEABLE CAST IRON IN TENSION 
WITH SPECIAL ATTENTION TO YIELD POINT 


DETERMINATION! 


By R. D. LANpDon? 


SYNOPSIS 


he physical behavior of 141 tension specimens of malleable cast iron . 3 
covering a wide range of carbon content is recorded and, based on the results, _ 7 
changes in the standard testing procedure are suggested for consideration. 

Results indicate that “yield point” stress might better be expressed as a dite * 
percentage of the ultimate stress rather than as an arbitrarily fixed value. _ eabe 

An elongation in 2 in. of 0.02 in. is recommended for the divider method of ; _ 
measuring deformation at “‘yield point” and a stress of 63 per cent of ultimate When ; 

for minimum “yield point” stress is suggested. If an elongation in 2 in. of 
0.01 in. is to be used, the suggested minimum “yield point” stress is 60 per 
cent of ultimate and a more accurate means of measurement should be em- ; 
ployed. In order to be consistent with the Society’s definition of yield f. 


reduction in the strength of machined castings is mentioned. 


point, a new term, “proof stress,” is suggested for the stress to be equalled or ae 
exceeded at a definite, measured elongation. Confirmation of negligible - 


This study of certain physical prop- 
erties of malleable cast iron, undertaken 
at the invitation of the Society’s Com- 
mittee A-7 on Malleable Iron Castings, 
was for the specific purpose of obtaining 
additional data on “yield point’’ stress. 
At the committee’s request, twelve 
manufacturers furnished a total of 141 
specimens. Included in this number 
were some specimens whose carbon 
content was outside the range on which 
the present testing specifications are 
based. 

The specimens apparently from each 
foundry were arranged in one group and 
labeled. Such groupings were made 
only to avoid unnecessary adjustment 


1 Condensation of a report submitted to Committee A-7 
on Malleable Iron Castings. 


? Professor of Civil Engineering, Southern Methodist 
University, Dallas, Tex. 
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1, 


i 


of the jaws of the testing machine. All 
identifying marks of the manufacturer 
were removed and no significance was 
attached to the groupings. 

Three groups, A, C, and D, which 
appeared to be the most accurately 
cast, were tested first. 

One specimen from each of the re- 
maining 9 groups was turned down to 


$-in. diameter in the gage length and © 
about 7 in. in the grip sections. Each — 


specimen so prepared has been desig- 
nated with a “t’? as B-it. The remain- 


ing specimens in each group were _ 


divided equally into two sets, one of 
which was turned down in the grip 


sections only by clamping the gage ~ 


length in a self-centering lathe chuck. 
This procedure reduced eccentricity to 


a minimum and made possible more BS : 


+. 
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accurate measurements with a strain 
gage which was attached to specimens 
of these sets. All specimens of such 
sets have been designated with a “m” 
as B-4m. The other set of each group, 
if reasonably round in the grip sections 
and also straight, was tested as cast. 
Such specimens have been designated 
with a “p” as B-9p and were tested 


From these data corrected stress-strain 
diagrams were constructed and moduli 
of elasticity computed. (The maximum 
elongation obtainable with the strain 
gage was 0.02 in.) 


DISCUSSION OF RESULTS 


As indicated by the stress-strain 
diagrams (Fig. 1) all specimens had 
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‘lie Fic. 1.—Stress-Strain Curves for Group B. 


with an extensometer (one division cor- 
responding to 0.0005 in. elongation) 
attached. In several groups every speci- 
men was machined in the grip sections 
in order to reduce eccentricity or bend. 
As the strain gage indicates much 
smaller units than the extensometer, it 
was used on the machined sets in order 
to determine the stress-strain relations 
on both sides of the proportional limit. 


essentially the same characteristics. The 
proportional limit was reached at a stress 
of approximately 20,000 psi. and a 
strain of approximately 0.001 in. per 
inch but values as low as 16,000 and as 
high as 27,000 psi. were observed. 
None of the specimens exhibited a 
definite “yield point.” There was no 
drop of the beam of the testing machine 
and no dip in the stress-strain diagrams. 
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Above the proportional limit the stress- 
strain diagrams flattened out in a 
smooth curve and then continued in 
practically a straight line having a very 
flat slope. 


TABLE I.—MODULUS OF ELASTICITY. 


Modulus of Modulus of 
Elasticity, Elasticity, 


Specimen Specimen 


mens = 22,500,000 psi. 

Average for 9 turned speci- 

mens = 24,000,000 psi. 

Average for turned speci- 

iceect mens excluding J-it = 
23,000,000 psi. 


Average for all 52 speci- 
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value, however, should be reasonably — 
correct. The only specimens which 
were well suited for this determination ~ 
were those completely turned (B-it, © 
E-1t, etc.). The range on these 9 
turned specimens was from 21,000,000 — 
to 33,000,000 psi. with an average value © 
of 24,000,000 psi. Excluding the one 
specimen for which the modulus was 
33,000,000 psi. (a value abnormally — 
high) the range was from 21,000,000 
to 26,000,000 with an average of 
23,000,000 psi., a value which checks 
very closely with the above average for 
all specimens. Incidentally this close 
agreement between the average value 
for turned specimens and those on which 
the net section was undisturbed sub- — 
stantiates further the contention that 
machining malleable castings has no 
appreciable effect on stress and strain 
within the elastic range. A further 
comparison will be made later when 
“vield point” stress, ultimate stress, and 
percentage elongation are discussed. . 

In Table II the stresses developed at _ 
elongations of 0.002, 0.005, 0.010, 0.020 
and 0.050 in. in 2 in., ultimate stress 


TABLE II.—STRESS-STRAIN RELATIONS—GROUP B. 
All specimens in Group B not round in grip section. 


B-3m 


Stress, psi..... 


Ultimate Stress, psi..... 


Elongation, per cent.... 


¢ Slight surface blow hole—failure through blow hole. 
Failed outside gage length but in net section. 


The modulus of elasticity (Table I) 
varied from 16,000,000 to 33,000,000 
psi. with an average value for 52 speci- 
mens of 22,500,000 psi. The great 
discrepancy in these values results in 
part at least from the fact that some of 
the specimens were bent. The average 


and percentage elongation are recorded 
for group B. The stress at an elonga- 
tion of 0.002 in. in 2 in. was observed 
because the proportional limit was 
reached at approximately those values. — 
If malleable iron had a definite yield © 


point such as mild steel exhibits, it a 
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would occur at practically that same 
location. The stress at an elongation 
of 0.005 in. in 2 in. was observed because 
that point on the stress-strain diagram 
is perhaps the first which might be used 
without reference to other stress-strain 
measurements as an indicator of yield. 
In other words, this point is in the flat 
portion of the stress-strain diagram and 
it might serve as the “yield point” just 
as properly as the stress at 0.010 or 
0.020 in. in 2 in. Obviously a rather 
accurate instrument for measurement 
of 0.005 in. in 2 in. would be required. 
Figures 2 to 13 show the correlation of 
results for all the specimens. While no 
calculations have been made to estab- 
lish definite relations between most of 
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Examination of the deviation calcula- 
tions indicates that the maximum per- 
centage deviation in stress from either 
average or mean values at 0.002 in. 
in 2 in. is approximately three times the 
maximum percentage deviation at 0.005 
in. in 2in. As the maximum deviations 
in stress at 0.005, 0.010, and 0.020 in. 
in 2 in. are relatively low and as the 
average of these maximums agrees very 
closely with the average for ultimate 
strength maximum deviation, there is 
little theoretical choice between these 
three values of elongation and their 
respective stresses as indicators of yield. 
A minimum value of stress to be at- 
tained at any of the three elongations 
could be selected and defined as the 


TABLE III.—MINIMUM, MAXIMUM, MEAN AND AVERAGE VALUES—GROUP B. 


Elongation 
in 2 in., in. 


Maximum Deviation 
from Average, per cent 


Maximum 

Deviation 

from Mean, 
per cent 


Average 


Minus 


Stress, psi 


Ultimate Stress, psi 


Elongation, per cent. 


the values shown, there appears to be a 
rather definite relation between the 
stress developed at 0.010 and 0.020-in. 


elongation. The stresses at other elon- 
gations seem to be more nearly in- 
dependent of each other. Some relation 
between ultimate stress and percentage 
elongation may exist but it is not very 
well defined. Further work on cor- 
relation might reveal interesting and 
useful information. 

In Table III the minimum, maximum, 
mean and average values of stress for 
group B at the several elongations are 
shown. 

In addition maximum percentage de- 
viation from mean and average values 
has been tabulated for comparison. 


Se. 


stress at “yield point.” For com- 
mercial testing procedure, however, it 
would seem wise to select the elongation 
which could be measured most ac- 
curately with ease and a minimum of 
equipment. To satisfy this suggestion, 
the author favors an elongation of 0.020 
in. in 2 in. if the divider method is to 
be used. 

Consideration should be given to 
values of stress produced at 0.005, 0.010 
and 0.020-in. elongation. Summarized 
results for 129 specimens are tabulated 


below: 

Average 

Stress, 
psi. 

31 400 

33 500 

35 300 


Maximum 
Stress, 


Minimum 


Stress, 
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The average stress at 0.010-in. elonga- 
tion is 2100 psi. more than at 0.005 in. 
and the average at 0.020-in. elongation 
is 1800 psi. more than at 0.010 in. In 
other words, the average stress at 
“yield point” could be 31,400, 33,500 or 
35,300 psi. depending on the elongation 
selected and the differences would be 
2100 and 1800 psi., respectively. 

Comparison of averages for the 9 
turned specimens only and the total of 
129 specimens is as follows: 


Average Stress, psi. 
Turned Tot 


Elongation in 
i Specimens 


2 in., in. Specimens 
31 400 
33 500 


35 300 


In this comparison also, there is very 
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too general conclusions should not be 
drawn from a limited number of tests. 
As the proportional limit was reached 
when the elongation in 2 in. was ap- 
proximately 0.002 in., calculations were 
made to obtain ratios between stress at 
0.002 in. elongation and stress at both 
0.010 and 0.020 in., but no consistent 
results could be obtained. Then an 
attempt was made to express the stresses 
at 0.005, 0.010 and 0.020-in. elongation 
as percentages of the ultimate stress. 
The results for group B are shown in 
Table IV. The ultimate stress was 
chosen as a basis of comparison be- 
cause the independence of elongation 
measurement should make it the most 
accurate value determined. While the 
ratios varied considerably, the author 


TABLE IV.—PERCENTAGE OF ULTIMATE STRESS AT SEVERAL ELONGATIONS—GROUP B. 


Elongation 


in 2 in., in. B-2m B-4m 


B-6m 


B-10m | B-1im 


little difference between the behavior of 
turned specimens and those as cast. 
Results on ultimate stress and per- 
centage elongation for group B are 
given in Table II and summarized in 
Table III. For 131 specimens the 
average ultimate stress was 52,400 psi. 
with a range from 45,000 to 57,700 psi. 
The average ultimate stress for the 9 
turned specimens was 51,200 psi. or 
1200 psi. less than the average for all 
specimens. The average elongation for 
128 specimens was 18.8 per cent with a 
range from 6.5 to 27.5 per cent. For the 
9 turned specimens the average was 
17.8 per cent or 1.0 per cent less than 
the average for all specimens. This 
comparison indicates that removal of the 
“skin” reduced slightly the ultimate 
Stress and the percentage elongation but 


believes that a minimum ratio of stress 
at either 0.005, 0.010 or 0.020-in. elonga- 
tion to the ultimate stress might prove a 
more satisfactory basis for “yield point” 
determination than the present specifica- 
tion of a definite value for all specimens. 
If the specifications called for first, 
ultimate stress of at least 50,000 psi. and 
second, “yield point” stress of at least X 
per cent of the ultimate they would be 
more in keeping with the properties of 
the specimens tested. The results show 
that while 79.4 per cent of allspecimens 
developed an ultimate stress of at least 
50,000 psi., only 67.2 per cent developed 
a “yield point” stress of 32,500 psi. The 
results indicate further that while all but 
8 specimens developing a “yield point” 
stress of 32,500 psi. failed to develop at 
least 50,000 psi. at the ultimate, 24 
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specimens developing an ultimate of 
50,000 psi. or more failed to show at 
least 32,500 psi. at “yield point.” In 
other words, if the specimens tested 
were representative, the present specifi- 
cations on “yield point” stress are con- 
siderably more difficult to meet than 
the specifications on ultimate stress. 
It is repeated here that these tests were 
conducted on material including some 
metal known to be of higher carbon 
than would be used if the current 
specifications were to be met. 

Careful examination of the results 
obtained in these tests indicates that a 
suggested value of the minimum “X 
per cent” referred to above in the 
specifications for “yield point” would be: 


55 per cent for an elongation of 0.005 in. in 2 in. 
60 per cent for an elongation of 0.010 in. in 2 in. 
63 per cent for an elongation of 0.020 in. in 2 in. 


As the allowable minimum for ultimate 
stress would be 50,000 psi., the follow- 
ing minimum allowable stresses and cor- 
responding elongations would automat- 
ically result: 


27 500 psi. at 0.005 in. in 2 in. 
30 000 psi. at 0.010 in. in 2 in. 
(5; 31 500 psi. at 0.020 in. in 2 in. 


When these suggested minimum values 
‘are checked against all specimens which 
developed an ultimate stress of at least 
50,000 psi., 8 would fail to pass the 
minimum allowable stress at 0.005 in. 
elongation, 3 would fail at 0.010 in. 
and 5 would fail at 0.020 in. elongation. 
Cross-checking indicates that none of 
the 8 failing to pass the stress require- 
ment at 0.005 in. elongation also failed 
the 0.010 or 0.020 in. elongation require- 
ments. On the other hand, however, 
all 3 failing to qualify for the 60 per cent 
of ultimate at 0.010 in. elongation failed 
also to meet the 63 per cent of ultimate 
at 0.020 in. elongation. Because of 
these facts consideration of stress at 
elongation of 0.005 in. in 2 in. as a 


possible “yield point” probably should 
be dropped. 

It has undoubtedly been noticed that 
the term yield point has appeared in 
quotations a number of times. This 
distinction was made advisedly because 
of the following statement appearing in 
the A.S.T.M. Standard Methods of 
Tension Testing of Metallic Materials 
(E 8 — 36) 


“Vield Point.—The stress in a material at 
which there occurs a marked increase in 
strain without an increase in stress. 

It should be noted that only materials 
that exhibit this unique phenomenon of 
yielding have a yield point. The term yield 
point should not be used in connection with 
material whose stress-strain curve in the 
region of yield is a smooth curve of gradual 
curvature.” 


With this quotation as a definition and 
with the included stress-strain diagrams 
as evidence, the fact is established that 
malleable iron has no true yield point. 
As an alternative, the term proof stress 
is offered. Then on the basis of the 
results of these tests the specifications 
for malleable cast iron might read: 


Tensile Strength, min., nsi 
60 per cent of tensile strength 


Proof Stress, at 0.010 in. in 2 in. 


min., psi... or 
63 per cent of tensile strength 
at 0.020 in. in 2 in. 


SUMMAR lal 

Turned specimens had practically the 
same modulus of elasticity and stress at 
elongations of 0.005, 0.010 and 0.020 
in. in 2 in. as did specimens “as cast” 
but the former had slightly lower values 
of ultimate stress and percentage elonga- 
tion. 

There was no drop of the beam of the 
testing machine during any test and 
reference to such occurrence should be 
rom the A.S.T.M. specifications. 


3 1939 Book of A.S.T.M. Standards, Part I, p. 761. 


ei 


m 
“a 
gr 
sh 
= an 
de 
nc 
co 
as 
in 
be 
ul 
bi 
ou 
4 


LANDON ON StRESS-STRAIN RELATIONS FOR MALLEABLE IRON 


Best values of elongation for deter- 
mining “yield point” appear to be 
either 0.010 or 0.020 in. in 2 in. If the 
smaller value is used, an instrument of 
greater accuracy than dividers and scale 
should be used for measurement. 

Malleable iron has no true yield point 
and in order to conform to A.S.T.M. 
definitions the term “yield point” should 
not be used. A suggested term, both 
correct and descriptive, is proof stress. 

The characteristics of malleable iron 
as determined in this series of tests 
indicate that the proof stress might 
better be specified as a percentage of the 
ultimate stress rather than as an ar- 
bitrarily fixed value. 

Many specimens were eccentric or 
out of round in the grip sections owing to 


1 
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the presence of metal from sprues and 
risers. In some cases large identifying 
marks on the grip sections precluded 
pulling without introduction of ec- 
centric forces. A considerable number 
of specimens failed to have a straight 
axis of generation (that is, they were 
bent). Naturally all of these physical 
defects have their effect on the accuracy 
of results and penalize the material 
under test. More explicit specifica- 
tions for molding, casting and inspection 
should pave the way toward improved 
tension test specimens. 

Further consideration of the data and 
results should lead to additional con- 
clusions and further tests should be con- 
ducted by other investigators on speci- 
mens from the same and other sources. 
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Mr. H. F. Moore.'—I agree fully 
with the statement in Mr. Landon’s 
conclusions. In order to conform to 
A.S.T.M. definitions? the term ‘‘yield 
point” should not be used. 

Mr. Landon suggests that the term 
“proof stress” be used. There are two 
objections to the use of this term. 
First, although the term “‘proof stress”’ 
is not included in the A.S.T.M. defini- 
tions, it is used in U. S. Government 
specifications to denote a definite speci- 
fied stress which is to be applied to the 
specimen (or specimens) and then re- 
moved. If then the permanent set is 
less than a specified amount, the ma- 
terial is accepted; if not, it has failed. 
It is a “pass” or ‘‘fail” test. 

In the second place, in the A.S.T.M. 
definitions there is a term already in use 
for a value obtained by the method 
Mr. Landon has used. That term is 
“vield strength.” 

He has, in fact, determined yield 
strength by the “total elongation” 
method as described in the A.S.T.M. 
standards.2 He has reported values of 
modulus of elasticity which enable total 
elongation to be translated into terms of 
“offset” by the equation: 


in which: 

q = the “offset” from the straight 
a (Hooke’s law) line of the stress- 
Le strain diagram at stress S, 

1 Research Professor of | me Materials, Uni- 
versity of Illinois, 

2Standard Methods of Tension Testing of Metallic 
Materials (E 8 - 36), ond Standard Definitions of Terms 


Relating to Methods of Testing (E 6-36), 1939 Book of 
A.S.T.M. Standards, Part I, pp. 761 and 776, respectively. 
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e = the “total elongation” measured 
under stress S, 
E = the modulus of elasticity of the 
material; g and e are measured 
in inches per inch, S, and E 
in pounds per square inch. 

Mr. J. M. LEssE.ts.*—I should like to 
associate myself with what Mr. Moore 
has said. The term ‘“proof-stress” is 
adopted by the British Engineering 
Standards Association and is included 
in important British specifications, and, 
as Mr. Moore has said, it has not 
the meaning which the author gives it. 
Since it refers to the yielding of the 
material it is not related to the tensile 
strength but is more related to our term 
“vield strength.” 

Mr. Moore.—I think it is not always 
realized that the determination of the 
modulus of elasticity brings one over 
into almost one significant figure further 
of accuracy necessary than the deter- 
minations of yield strength. I am not 
proposing this for a standard but I 
would state that some years ago a very 
valuable Bulletin was published in the 
University of Illinois by Messrs. Seely 
and Putnam,‘ in which they reported 
the moduli of elasticity obtained with a 
2-in. extensometer which had not been 
calibrated—and most extensometers do 
have somewhat serious errors in their 
reading unless they are calibrated. The 
Editorial Committee wrote out of that 
Bulletin all references to the deter- 
mination of the modulus of elasticity, 

# Associate Professor of Mechanical Engineering, En- 
gineering Dept., Massachusetts Institute of Technology, 
Cambridge, Mass. 


4 Bulletin 115, Engineering Experiment Station, Uni- 
versity of Illinois, Urbana, Ill. 
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stating that with the sensitivity of 
0.0001 in. they thought an 8-in. length 
necessary for an accurate determination 
of the modulus of elasticity. 

Mr. L. B. TuckeRMAN.*—In looking 
over the paper I was interested in the 
modulus values reported. It would add 
to the value of the paper if the author 
would give more details about the strain 
gage and extensometer that he used in 
determining those modulus values. The 
only statement is that ‘‘an extensometer 
(one division corresponding to 0.0005- 
in. elongation)” was used and there is 
no statement about the type or method 
of using those gages. The values which 
are obtained for modulus of elasticity 
frequently depend very materially upon 
the type of strain gage, and sometimes 
on the way it is applied. Were there 
any specimens which had appreciable 
curvature? Extensometers of the Olsen 
type whose gage line extends diagonally 
across the specimen are likely to give 
erratic readings on specimens which are 
not straight. I am interested to know 
just how these values were obtained 
because the 33,000,000 value struck me 
as very high. 

Mr. R. D. LAnpon® (A uthor’s closure). 
—The author accepts Moore’s and Les- 
sells’ criticism of the use of the term 
“proof stress.”” While the method of 
determining “yield strength” described 
in Section (6) paragraph 26, page 763 
of Part I, 1939 Book of A.S.T.M. Stand- 


5 Assistant Chief, Division of Mechanics and Sound, 
ational Bureau of ‘Standards, Washington, D. C. 
6 Professor of Civil Engineering, Southern Methodist 
University, Dallas, Tex. 


ards is similar to that suggested in the 
original paper, the author does not be- 
lieve that the use of a sensitive exten- 
someter is desirable in routine commer- 
cial tests of malleable iron. He 
hesitated, therefore, to use the term 
“yield strength” unless the method de- 
scribed was followed explicitly. Never- 
theless there does appear to be more 
justification for the term “yield 
strength,” particularly if its use would 
forestall international complications. 
Both Moore and Tuckerman have 
made pertinent observations on the de- 
termination of modulus of elasticity. 
The original report submitted by the 
author to Committee A-7 on Malleable 
Iron Castings contained complete de- 
scriptions of all equipment used and 
detailed outlines of all steps in the pro- 
cedure. An Olsen strain gage (1 unit 
on dial equalling 0.000066 in.) was used 
on all specimens for which modulus of 
elasticity determinations were made. 
Each specimen was accurately punch 
marked in a jig before the strain gage 
was attached. The author does not at- 
tempt to explain the abnormal value of 
33,000,000 psi. and would prefer to 
classify it as a mistake. Modulus of 
elasticity determinations on 8-in. speci- 
mens should be of interest and value. 
As a matter of fact the modulus of 
elasticity determinations were incidental 
in this project. They were included as 
general information only. The object 
of the investigation was to determine 
stress-strain relations that might be of 
aid in commercial testing procedure. 
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PROPORTIONAL LIMIT TESTS ON COPPER ALLOYS 


SYNOPSIS 


Since ordinary methods of obtaining axial loading in tension have been 
found unsuitable for precise tests, a new form of gripping device for 0.5-in. 
diameter threaded end specimens is described here. The specimen is locked 
into a head containing the ball through which the load is applied and which 
is optically adjusted to be exactly on the axis of the specimen. The specimen 
is maintained at 32 +0.1C. A high-grade commercial testing machine is 
used and calibration corrections applied by which the loads are proportional 
if not accurate to 0.1 per cent. Machine error exceeds extensometer error 
at about 35,000 psi. Two Tuckerman extensometers reading to 0.000002 in. 
on a 2-in. gage length or an averaging one of similar sensitivity give strain 
readings which permit deviation from proportionality to be plotted, from 
which the stresses corresponding to an offset of as little as 0.0002 per cent 
can be confidently read. 

Annealed 70-30 brass rod of small grain size (0.008 mm.) had a “propor- 
tional limit” corresponding to 0.0002 per cent deviation from proportionality 
of 23,000 psi. Stressing this to produce a permanent set of only 0.006 per 
cent dropped the proportional limit to 14,500 psi. and further stressing up 
to 35 per cent permanent elongation left the proportional limit at 8000 to 
10,000 psi. By annealing at 300 C. after stretching 10 per cent the propor- 
tional limit could be raised to 29,000 psi., but the gain was entirely lost on 
small overstrain. The engineering significance of these tests is not yet 
evident. 

Permanent set after small straining of annealed materials is approximately 
equivalent to the offset from the initial modulus line. In cold-worked brass 
the offset is many times greater than the permanent set. 


felt that the tests should be made with 
reasonably high precision in order to 


In order to promote the more intelligent 
engineering application of its materials, 


the American Brass Co. has undertaken 
to study the interrelation of stress and 
strain for a variety of copper alloys in 
various commercial treatments. Al- 
though high precision tests are unneces- 
sary in control work and are inapplicable 
directly to the engineer’s needs by 
virtue of the sensitivity of the results to 
prior treatment of the material, it was 


' Research Metallurgist, American Brass Co., Water- 
bury, Conn. 


obtain a better understanding of the 
basic effects of composition, structure, 
and treatment upon the elastic and 
inelastic behavior of commercial copper: 
base alloys. 

Numerous tests have been made using 
extensometers reading to 0.001 per cent 
on a 2-in. gage length and the technique 
is well established. On attempting to 
obtain a precision ten times this value, 
special technique had to be developed. 
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Extensometers: 


The Tuckerman extensometer is so 
outstanding in simplicity, reliability, 
and sensitivity that it seemed the 
logical choice for these tests. This 
instrument,? which is essentially a Mar- 
ten’s extensometer with improved optics 
rendering telescope position relatively 


averaging instrument was made. This 
(Fig. 1) employed two horseshoes with 
knife edges 0.4 in. apart passing around 
the sample and each rocking between 
the surface of the test specimen on one 
side and the frame of the extensometer 
secured to the other side of the specimen 
by a knife edge at the other end of the 
gage length. To the side of one of 


i 
Lien 


i 

0 


Scale 78 


Fic. 1.—Averaging Extensometer. 


The lower knife edge and prism are shown displaced to avoid confusion. 


measured with a Tuckerman autocollimator. 


unimportant, can be read by a vernier 
scale to 0.000002 in. or 0.0001 per cent 
on a 2-in. test specimen. It is necessary 
to use an instrument on each side of the 
test specimen to obtain the average 
extension under load. After long experi- 
ence with the use of two instruments and 
only after loading had been developed 
to a point where reasonably accurate 
axial alignment was always obtained, an 


*L. B. Tuckerman, “Optical Strain Gages and Ex- 


tensometers,”” Proceedings, Am. Soc. Testing Mats., Vol. 
23, Part IT, p. 602 (1923). 


The angle between the two prisms is 


these horseshoes was attached a Tucker- 
man roof prism with rotational adjust- 
ment and to the other a simple right 
angle prism with a tipping screw. A 
Tuckerman autocollimator measured the 
angle between the two prisms and hence 
the average of the extension on the two 
sides. Results obtained from this in- 
strument have been indistinguishable 
from those using two Tuckerman exten- 
someters. One-inch knife edges can be 
used to obtain a greater range without 
resetting. The frame of the exten- 
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someter is then reversed and the horse- 
shoes rocked between the specimen 
surface and frame just as before. This 
device could, of course, be used with 
plane mirrors or right angle prisms but 
would then be affected by vibration and 
would require a fixed telescope position. 


Testing Machine: 


A Baldwin-Southwark testing machine 
made late in 1936 was used. It employs 
the Tate-Emery weighing system which 
involves the use of an Emery capsule 
and a Bourdon tube maintained at 
constant deflection by force applied 
through a pneumatically extended iso- 
elastic spring. The machine has four 
ranges: 1000, 4000, 20,000, and 40,000 
Ib. It was purchased under a specifica- 
tion calling for an accuracy better than 
0.5 per cent and with combined hys- 
teresis and creep measured at mid range 
after 3 hr. at 95 per cent of capacity of 
less than 0.2 per cent. An error of 0.5 
per cent in stress becomes greater than 
the extensometer error of 0.0001 per 
cent at a stress of 3400 psi. with a 
material having a modulus of elasticity 
of 17,000,000 psi. It was found, how- 
ever, that correction factors from suc- 
cessive calibrations of the testing 
machine (made against proving rings 
and good to 0.1 per cent) remained 
fairly constant over a long period of time 
and such shifts as did occur were pro- 
portional to stress, that is, they were 
equivalent to a rotation of the correction 
curve around zero and hence affected 
the modulus but not the deviation from 
that modulus. All loads were therefore 
corrected on the basis of the calibration 
curve and under these conditions ma- 
chine errors do not become important 
below stresses of about 35,000 psi. 


Temperature Effect: 


It is necessary to maintain the tem- 
perature of the specimen constant within 
0.06 C. to avoid errors due to thermal] 


expansion of the specimen greater than 
the extensometer sensitivity. A change 
of temperature affecting both steel gage 
and copper specimen equally can be as 
large as 0.25 C. without affecting the 
results. 

The specimen and its holders were 
enclosed in an insulated box 14 by 19 
by 32 in. fitting inside the uprights of 
the testing machine and ree ee a 


3 Adjusting 
Screws 


Stee/ Ba// 


‘Hard Steel 
Seat 


lock Screw 


Copper Fins 
Specimen 


Fic. 2.—Specimen Holder Employed to Provide 
Axial Loading. 


The threaded end of the specimen is seated by a force 
in the same direction as that subsequently to be applied 
in the test. The ball is adjustable to the axis of the speci- 
men. Light springs (not shown) serve to center the 
holder on the seat at the commencement of the test. 


fan to circulate the air, which was 
maintained at 32 + 0.1 C. by a mercury 
thermostat and two 50-watt heaters. 
The front of the box was removable to 
allow setting the specimen in place and 
contained a window for insertion of the 
autocollimator. The specimen holders 
required about 80 min. to reach tempera- 
ture equilibrium, even though they had 
copper fins soldered to them. Tempera- 
ture changes in the specimen resulting 
from elastic changes of stress were dis- 
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sipated in 3 min. by conduction to the 
holders even under the most severe 
conditions. 


Axial Alignment: 


The specimen used for all tests was 
0.505 in. in diameter with a 23 in. 
parallel section passing with 0.5 in. 
radius to 0.595 in. diameter, then to a 
§ in. threaded end to fit the holder. 

Tests using the “‘self-aligning”’ holders 
with 13 in. radius spherical seats, as 
shown in Fig. 1 of A.S.T.M. Standard 
Methods of Tension Testing of Metallic 
Materials (E 8 — 36)* frequently showed 
differences in stress as high as 50 per cent 
between the two sides of the specimen 
at low stresses. Robertson ball-and- 
plane grips of the type shown in Fig. 3 


Telescope 
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locking screw is applied to the specimen 
by means of a stiff rod which passes 
down a hole drilled in the specimen head 
to a point just below the end of the 
threaded part. In mounting a speci- 
men, the locking screws are tightened 
against the rods in the specimen while 
the heads are held in a jig to keep them 
roughly in alignment. Balls are held 
in place by temporary springs and the 
specimen is rested on two V supports 
2 in. apart and rotated by hand. A 
telescope giving a magnification of 
about 4.5 is used to observe the image 
of a small source of light reflected in 
the back of the ball. Figure 3 shows 
the setup. As the assembly is. rotated 
the point of light describes a circle the 
radius of which is equal to the eccen- 


Fic. 3.—Optical Bench for Aligning Ball Seat on Specimen Axis. 


of Method E 8 were found to be very 
little better because the fit between the 
threaded specimen and its holder was 
not perfect, and this fact entirely 
defeated the purpose of the device. A 
modification was accordingly con- 
structed in which the threaded end of 
the specimen is first firmly seated in 
the threads of the holder by a force in 
the same direction as subsequently to be 
applied in the test, and the ball seat is 
then adjusted to be exactly on the axis 
of the specimen. The device is shown 
in Fig. 2. The seating force from the 


* 1939 Book of A.S.T.M. Standards, Part I, p. 750. 

*M. Gensamer and R. F. Mehl, “Yield Point of Single 
Crystals of Iron,” Transactions, Am. Inst. Mining and 
Metallurgical Engrs., Vol. 131, pp. 372-377 (1938). 
b Mr. Gensamer used an adjustable ball but located it 
by trial and error. The method of locking the specimen 
in the head and the method of optical alignment are 
thought to be new. 


tricity of the ball. Adjustment of the 
three screws on the seat permits the ball 
to be brought exactly to the axis of the 
specimen. Mounting and adjusting the 
specimen takes about 10 min. Except 
when using very small loads, new balls 
and newly polished hard steel seats are 
necessary for every test. 

With this device strain readings on 
two opposite sides of the specimen never 
differ by over 7 per cent and average 
about 3.5 per cent difference at an 
elongation of 0.1 per cent in 2 in. The 
differences are slightly greater at lower 
strains, averaging 6.5 per cent at 0.01 
per cent extension. 


Presentation of Results: 


With the ordinary method of plotting 
stress-strain curves, deviations from 
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proportionality less than 0.005 per cent 
are hard to observe regardless of the 
scale of plotting. It is, moreover, im- 
possible to place the modulus line 
accurately through a series of such 
plotted points. By the use of the 
deviation method, apparently first pro- 
posed by McVetty and Mochel,’ the full 
sensitivity of any extensometer can be 
utilized and the selection of the initial 
modulus usually becomes fairly definite. 
The points plotted are the difference 
between the observed values at agiven 
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Fic. 4.—Effect of Testing Direction on Modulus 
of Elasticity of Cold-Rolled Annealed 
Brass Strip. 

A = normal material; B = directional material made 


by improper rolling practice. 
stress and the values calculated from an 
assumed modulus. If the specimen is 
behaving elastically, the points fall on a 
straight line and this line is vertical if 
the actual and assumed modulus are 
identical. Sloping to left or to right 
indicates that the assumed modulus is 
lower or higher than the true one. It 
has been our custom to fit the first 
reasonable straight line to the points 
and to use as the proportional limit a 
deviation or offset from this correspond- 
ing to 0.0002 per cent. This will give 
5P. G. McVetty and N. L. Mochel, “The Tensile 
Properties of Stainless Iron and Other Alloys at Elevated 


Temperatures,”’ Transactions, Am. Soc. Steel Treating, 
Vol. 11, pp. 73-92 (1927). 


lower figures than if a band of width 
+0.0002 is applied to the experimental 
data. 

The strain readings not infrequently 
show a wave-like fluctuation around the 
elastic line. This can hardly be at- 
tributable to the behavior of the sample 
and may be due to variations of seating 
of the extensometer knife edges. 

In spite of the high sensitivity in 
determining strain and deviation, the 
absolute values of stress are not so 
accurately known. Errors in the testing 
machine, in gaging the specimen, and in 
establishing the extensometer gage 
length combine to make possible errors 
in the absolute stress and modulus 
figures of about 0.5 per cent.® 


Results: 


The primary value of these high- 
precision tests is not at present so much 
to evaluate the materials in the engi- 
neer’s sense as it is to throw light on the 
mechanism of the reaction of metals to 
stress. As an example of the type of 
result obtained some tests on brass rod 
are reported. The specimens were cut 
from a #-in. diameter cold-drawn rod 
containing 29.39 per cent zinc, 0.01 
per cent lead, 0.01 per cent iron, balance 
copper. This rod was drawn to final 
size by a 65 per cent reduction of area 
following annealing to a grain size of 


6 A word of caution on the significance of an elastic 
modulus might be added. Any cast or wrought metal is 
somewhat directional and in copper alloys few properties 
are affected by crystal orientation as much as elastic 
modulus. By way of illustration Fig. 4 shows the vari- 
ation of modulus with testing direction in cold-rolled and 
annealed 65-35 brass strip, 0.02 in. thick. These tests 
were made by E. W. Palmer. Specimens were held in a 
pin grip, with dead weight loading. Tuckerman ex- 
tensometers were attached to each edge of a 2 by 0.5 in. 
gage length. Curve A shows normal commercial material 
cold rolled to 38 per cent reduction in thickness and also 
annealed 1 hour at 200 and 700C. The modulus of the 
annealed material is identical in all directions. Curve B 
shows the modulus of some annealed material made fol- 
lowing an undesirable rolling practice that left consider- 
able directionality even after annealing. These data are 
introduced to show that in making a test in one direction 
only the modulus may vary over a considerable range 
depending entirely on the degree of directionality and 
that it may either increase or decrease on annealing de- 
pending entirely on orientation changes. 
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: Fic. 5.—Stress-Strain Relations of 70-30 Brass Rod After Various Amounts of Prior Extension 
in (Permanent Set). 
ge Figures plotted represent deviation from trial modulus. All tests on single sample successively stretched to amounts 
ors shown. Each test based on new specimen diameter. 
1 = 0.000 prior permanent set; E = 16 380 000 psi. 
‘ h duced a grain size of 0.008 mm. and was 
Wr Z then strained in tension to various 
gr amounts of permanent set and retested 
to obtain the proportional limit after 
50000 this treatment. The deviation curves 
of 2 rata & are shown in Fig. 5. In Fig. 6 are 
rod y 40000 “e plotted against the amounts of prior 
cut o & extension (permanent set) the stresses 
0.1 corresponding to various offsets during 
01 | the next restressing. In the annealed 
ace © OO/per material the stress corresponding to 
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“a? rial in which the direction of straining 
aye 0.060 mm. (This is not commercial is not in the direction of subsequent 
ction treatment for brass rod but was given _ tests has generally a higher proportional 
re in order to permit the production of limit than shown in these tests and the 
fine-grained material.) A sample was reaction to tensile restraining is 
g 
annealed for 2 hr. at 400 C. which pro- different. 
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Fic. 7.—Stress-Strain Relations on 70-30 Brass Rod Previously Stretched to 10 per cent 
Permanent Set. Not annealed. Deviation from E = 16,190,000 psi. 
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. 8.—Stress-Strain Relations of 70-30 Brass Rod Stretched to 10 per cent Permanent 
Extension and then Annealed for 1 hr. at Stated Temperatures. 
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is Fic. 9.—Effect of Annealing on Stresses Corresponding to 0.0002 and 0.01 per cent Offset 

: from Initial Modulus Line. 

or 70-30 brass rod stretched 10 per cent and annealed as shown. Overstrain corresponds to approximately —— 
cent offset obtained in first testing of annealed specimens, after which they were retested with results shown. he 
amount of permanent set is variable and much less in samples annealed below 300 C. than above on account 0! 
greater recovery. Yield above 400 C. gave greater offset than intended. 
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Figures 7 and 8 show deviation curves 
and the plotted results for a series of 
specimens of the same brass annealed 
at 400C., stretched to 10 per cent 
permanent set, and then tested without 
annealing (Fig. 7) and after annealing 
1 hr. at the temperatures stated (Fig. 
8). Separate specimens were used for 
each curve. The stress-strain curve 
for each heat treatment was carried to 
an offset of about 0.05 per cent, the load 
released and a second curve obtained in 
this slightly over-strained condition. 

Figure 9 shows the stress correspond- 
ing to offsets of 0.0002 per cent and 
0.01 per cent plotted against annealing 
temperature. It also shows the same 
properties redetermined after the an- 
nealed specimens had been overstrained 
as described above. 

Annealing at 300 C. causes complete 
recovery of the proportional limit and 
the brass is fully elastic to a stress of 
29,000 psi. On the other hand, a small 
overstrain applied to this material lowers 
the 0.0002 per cent proportional limit 
almost to its initial value in the strained 
condition. The effect of small over- 
strains becomes less the higher the 
temperature of annealing above the 
recrystallization point, and suggests that 
the effect is largely associated with grain 
boundaries rather than the bodies of the 
grains. The stresses corresponding to 
0.01 per cent deviation are also in- 
creased by annealing in the neighbor- 
hood of 300 C. and at any temperature 
are practically unaffected by slight 
overstrains. | 


An “elastic solid’ is defined in the 
Society’s Tentative Definitions of Terms 
Relating to Rheological Properties of 
Matter (E 24 - 37 T)? as one in which 
strain is reversibly related to stress. 
This would seem to be a logical defini- 


Elastic Limit: 


71939 Book of A.S.T.M. Standards, Part I, p. 1267; 
Part II, p. 1175; Part III, p. 1132. 
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tion. On the other hand the property 
of “elasticity” requires only return to 
original size and shape after release of 
load, regardless of route traveled. The 
proportional limit seems to mark the 
limit of reversible elastic deformation, 
but beyond this there is still a range, at 
any rate in cold-worked materials, , 
where irreversible or hysteretic elastic 
deformation is possible with complete 
recovery on release of load. This 
interpretation of proportional limit 
leaves out of consideration the fact 
that at very high stresses the line repre- 
senting stress-strain behavior may per- 
haps be curved but reversible, just as 
compressibility varies at high pressures. 
Obviously this should be included in the 
elastic part of the curve but few copper 
alloys are elastic to sufficiently high 
stresses to show this behavior. 

The curvature of the ordinary stress- 
strain curve that results from the fact 
that the dimensions of the specimen 
change under load is not negligible, as is 
commonly supposed, even in the elastic 
range. The difference between elastic 
behavior expressed in terms of true 
stress and true strain and the curve 
based on the original dimensions of the 
sample is, in terms of ney approxi- 


mately 
2p) 


where yu is the true Poisson’s jake ise 
€9 the observed elongation on the orig- 
inal length. The correction is unim- 
portant below about 0.1 per cent elon- 
gation and has not been applied to the 
data in the present paper. With ma- 
terials showing a greater elastic strain 
it is essential to make this correction if 
the departure from proportionality is 
to be evaluated. The stress-strain 
curves of tin bronzes and beryllium 
copper alloys show appreciable curva- 
ture attributable to this effect alone. 
’ It is stated in Methods E 8-36 


and i in the Standard Definitions 
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of Terms Relating to Methods of 
Testing (E 6 — 36)® that the stress for a 
small permanent set is approximately 
the same as that for a deviation from 
proportionality of the same amount. 
This is far from true in the present tests. 
Figure 10 shows data to obtain the 
elastic limit of a sample of 70-30 brass 
annealed at 400 C. and similar data on 
the same sample after straining to a 
permanent set of 10 per cent. Devia- 
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Note that the set is greater after this 
than after the same stress in the multiple 
cycle test. In another test when a 
specimen was taken at once to a load 
of 24,610 psi. and released a permanent 
set of 0.0010 per cent resulted, com- 
pared with only one vernier division 
(0.0001 per cent) from this stress when 
applied as a climax of a series of 24 
cycles of gradually increasing stress, 
This indicates that the elastic limit as 
ordinarily determined is somewhat 


10 per cent 
30000 
a 
eels A =Permanent Set 


8-Offset 
-> 0.00004 in. per inch 


4 Fic. 10.—Comparison of Permanent Set and Offset from Modulus Line at Various Stresses. 
70-30 brass cold drawn and annealed 400 C. (left) and the same material stretched to 10 per cent set (right). 


Each point of the set curve records the 
set after the whole series of stress cycles 
at progressively increasing stresses prior 
to this. Under these conditions it can 
be seen that agreement between set and 
offset is close in the annealed material, 
but in the strained specimen the stress 
producing a permanent set of any 
amount is much higher than the stress 
corresponding to the same degree of 
deviation from proportionality or offset. 

The complete hysteresis loop, Fig. 7, 
shows the path of return from a high 
stress. This loop was the first re- 
stressing after the 10 per cent stretch. 


81939 Book of A.S.T.M. Standards, Part I, p. 776; 
Part II, p. 869; Part III, p.551. 


meaningless since the metal can be 
changed by the cycles at low stresses 
even though these produce no set. 
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Mr. M. GENSAMER! (presented in 
written form).—I am glad that Mr. Smith 
has pointed out how far from axial may 
be the loading obtained with the so- 
called self-aligning specimen holders in 
common use. We have had the same 
experience with threaded steel specimens 
and were forced to develop a modified 
Robertson shackle, as pointed out by 
Mr. Smith in the footnote in his paper. 
Mr. Smith’s improvement eliminates 
the tedious trial and error adjustment 
and should be very much worth while, 
although we have found that with prac- 
tice it becomes possible to secure align- 
ment to within one part in thirty in 
about half an hour. To do this, we use 
four Tuckerman extensometers mounted 
at 90 deg. around the specimen and 
successively apply and release such a 
load as to get an extension of about 60 
units on the autocollimator scale (total 
scale length, 2500 units). This method 
involves preloading to at least 1000 psi. 
(for brass). While this would ordinarily 
not affect the proportional limit, it cer- 
tainly could do so with soft metals. Mr. 
Smith’s method avoids this preloading 
and for soft specimens it or some equiv- 
alent would be absolutely necessary. 
I do not believe that it is practical to 
machine threads accurate enough, and 
specimens straight enough, to use 
threaded specimen holders without some 
such adjusting device when axial loading 
is necessary. 

Mr. H. F. Moore.2—The standards 
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of the Society covering elastic strength 
are written with the object of determin- 
ing an index of resistance to structural 
damage of material by plastic action. 
Mr. Smith’s paper evidently has other 
ends in view. This does not mean that 
it is of no significance; on the contrary 
consideration of delicate deviations from 
elastic action which are too small to 
cause direct structural damage may be 
of decided significance as an index of 
proper heat treatment or of other factors. 
As Mr. Smith states, at present the 
standards of the Society do not cover 
the determinations of such minute in- 
elastic action at all adequately. This 
matter is already under consideration 
by the Section on Elastic Strength, of 
Committee E-1 on Methods of Testing, 
and Mr. Smith’s paper will be of no small 
value to that section. 

The present standards for yield 
strength speak of the practical equality 
of “offsets” (from the Hooke’s law line) 
and “sets” for “small strains.” The 
strains at yield strength are “small” 
when considered as structural damage, 
but are not small as compared with 
strains such as Mr. Smith is consider- 
ing—say less than 0.1 per cent. The 
“offset”? method cannot be regarded as 
useful for strains much, if any, less than 
this value. 

I wish to thank Mr. Smith for helping 
us get the idea that below any known 
“true” elastic limit or proportional limit 
structural damage can be done to a 
metal by stress, strain, strain energy or 
shear-strain energy. 
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Mr. E. E. Txum.—Mr. Moore’s 
remarks seem to imply that these results 
of Mr. Smith’s could give some informa- 
tion about the early action of stressed 
copper around small discontinuities or 
other stress raisers. In other words, if 
you look upon ductility as a mechanism 
whereby the internal structure of a 
material adjusts itself, irons out and 
equalizes stresses, then these results by 
Mr. Smith may very well be capable of 
interpretation as to what happens specif- 
ically in the immediate vicinity of stress 
raisers in copper. If Mr. Smith has 
made any such interpretation, I hope 
he will give it to us. 

I should like to ask whether any elastic 
action has been observed after the load 
has been released? In other words, is 
there any recovery with time? One of 
the diagrams shows a small permanent 
set existing after the so-called yield point 
had been passed by a very small load, 
and the entire load released. Does that 
set tend to recover with time, or do you 
know whether it does or not? 

Mr. M. F. Sayre.*—Mr. Smith’s 
paper deals with a subject that has been 
a hobby of mine for a number of years. 
About ten years ago I presented here a 
report on some measurements on brass 
and steel wires’ in which we went to a 
sensitivity something like ten times 
greater than in this paper. When we 
reached that sensitivity we got into 
griefs, I think even beyond those which 
Mr. Smith has described here. He has 
avoided some of these difficulties by his 
lesser sensitivity and by delaying his 
measurement of elongation until after 
the initial creep and after the initial 
temperature equalization has occurred. 

Even at figures well below the appa- 
rent proportional limit, when readings 


Editor, Metal Progress, American Society for 
Metals, Cleveland, Ohio. 

a. of Applied Mechanics, Union College, 
Schenectad 

5M. F. Behavior of Spans Materials,” 
Proceedings Soc. Testing Mats., Vol. 30, Part Il, 


p. 546 (1930). 


are taken immediately after application 
of load we find that the material shows a 
definite creep lasting for an appreciable 
period of time, how long I do not know, 
because the rate decreases on something 
like a logarithmic scale. Further, on 
removal of load, there is a plastic re- 
covery of more or less the same amount. 
Then, too, the evidence to my mind is 
very strong that even in the first part of 
the elastic stress-strain curve, the line 
is theoretically not truly straight, that is, 
that inherently the behavior of the 
material is one of a changing modulus. 
The deviation is not large, but there are 
good physical reasons for believing that 
it is present. 

I am very glad that Mr. Smith has 
called attention to the variations in the 
modulus of elasticity in different direc- 
tions in the material which he has tested, 
and in particular that he has brought 
out the fact that to develop these varia- 
tions, measurements must be taken in 
directions 45 deg. apart rather than 
deg. Single crystal measurements, of 
which many have been made, particu- 
larly in Europe, show that for example 
in single crystals of brass, the tensional 
modulus of elasticity along the space 
diagonal between the crystal axes may be 
3.5 times as great as when measured 
along any one of the three rectangular 
crystal axes. There is an inverse rela- 
tion for the torsional modulus, the tor- 
sional modulus being high where the 
tensional modulus is low, and vice versa. 
With single crystals of iron similar 
relationships exist, the deviations here 
being of the order of two to one. Or- 
dinary structural material is of course 
not in single crystal form, but any cold 
working is likely to develop a preferred 
orientation, with resulting directional 
properties. It seems to me that we must 
learn to recognize these large variations 
in modulus and along with this to avoid 
our very casual use of a standard figure, 
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except where we know that we have an 
annealed material. 

Mr. O. C. RutLepce.’—I have had 
occasion to go over some of the data Mr. 
Smith has taken and compare it with 
similar data taken on duplicate speci- 
mens using a Sayre extensometer read- 
ing extensions to the nearest one 
thousandth of one per cent. This is 
only one-tenth of the sensitivity used by 
Mr. Smith and at this sensitivity the 
correlation is very good. The fact that 
Mr. Smith obtained so nearly a straight 
line in the lower section of his deviation 
curves is, I think, a very good indication 
of the accuracy of his work at that sen- 
sitivity. I should like to concur with 
the others who have discussed this 
paper; the study of this data is aiding 
us materially in understanding the 
elastic and plastic behavior of metals. 

Mr. L. B. TuCKERMAN.’—My name 
was taken in vain in this paper once or 
twice and I want to make a few com- 


ments on the optical lever system used 


in my strain gage. It is no more accu- 
rate or sensitive than the single and 
double-mirror systems such as used in 
the Martens and Sayre extensometers. 
It is merely more convenient because of 
the freedom of motion of the viewing 
instrument, the autocollimator. We 
have made the prism very small because 
for many uses it is desirable to have a 
small extensometer. I think it would 
be advisable in building averaging ex- 
tensometers (extensometers which read 
directly the average of the extension on 
two or more gage lines) such as Mr. 
Smith has done to use a larger roof 
prism; it would give clearer images and 
easier reading. I am very much inter- 
ested in this development. I have 
several times thought of making an 
averaging extensometer using my triple 
mirror autocollimated optical lever sys- 


®Member of En ineering Staff, Schenectady Works 
ratory, Pe Electric Co., Schenectady, N. 
‘ Assistant Chief, Division of Mechanics and Sound, 
National Bureau of Standards, Washington, D. C. 


tem but none of those I have thought of 
was anywhere near so simple in construc- 
tion as Mr. Smith’s. I wonder whether 
it could not be developed into a snap-on 
extensometer. If used exclusively in 
routine testing of one type of material, 
building the frame of the gage of ma- 
terial of the same temperature coefficient 
of expansion simplifies temperature con- 
trol very much. 

I was also interested to learn of the 
publication by McVetty and Mochel of 
the use of the deviation method. When 
I used the method some years ago in a 
discussion of a paper by Templin® I 
had not seen their paper and did not 
learn of it until Mr. Smith called it to 
my attention. It may be interesting 
to give a little of the history of the 
method. This is an adaptation of a 
method well known to physicists for 
many years. Where it is found that 
observational data follow approximately 
some definite mathematical law (not 
merely a straight line) and it is desired 
to study the deviations from that law, 
values accurately obeying that law are 
computed and differences between the 
observed and computed values are 
plotted. When small they can be 
plotted to an exaggerated scale so that 
they can be really studied instead of 
merely guessed at. As a good example 
of this more general use, which I happen 
to remember, I may cite the Reference 
Tables for Platinum to Platinum-Rhod- 
ium Thermocouples.*” The National 
Bureau of Standards reference tables 
are regularly used by manufacturers in 
the calibration of direct reading thermo- 
electric thermometers. Many more ci- 
tations could readily be found by a 


8 Discussion by L. B. Tuckerman of paper by R. L. 
Templin, ‘“‘The Determination and Significance of the 
Proportional] Limit in the Testing of Metals,” Proceedings, 
Am. Soc. Testing Mats., Vol. 29, Part II, p. 538 (1929). 

®R. B. Sosman, American Journal of Science, Vol. 30, 
pp. 1-15 (1910). 

10 William F. Roeser and H. T. Wensel, ‘‘Reference 
Tables for Platinum to Platinum-Rhodium Thermo- 
couples,” Journal of Research, Nat. Bureau Standards, 
Vol. 10, February, 1933, pp. 275-287. : 
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search of technical journals. It is my 
opinion that the method should be more 
widely used in studying stress-strain 
curves. 

Incidentally, I wish to point out that 
the “wave-like fluctuation around the 
elastic line’ which the author notes and 
is seen most clearly in Figs. 8 and 10 is 
not necessarily caused by any irregu- 
larity in the measurements. It is more 
probably what we call the “‘step effort” 
—a fairly common artificial effect oc- 
curring in accurate measurement where 
the constancy of functioning of the 
measuring instrument and closeness of 
control of the other experimental condi- 
tions is such that the least count error 
of the instrument is one of the major 
sources of error. If you are to use the 
deviation method to its best advantage, 
you must plot the deviations on a scale 
so large that the least count of the ex- 
tensometer is readily seen. When that 
is done, the jump of the least count of 
the instrument is readily noticeable. 
If you take a smooth curve, a mathe- 
matically accurate curve, and compute 
the values close enough and then round 
them off to a certain number of sig- 
nificant figures, the difference curve will 
frequently drift over one unit in the last 
place only after two, three, four, five, 
or six readings; there will come the 
jump back, slide across and jump back 
again, giving the artificial appearance 
of a curve which has no relation to the 
behavior of the quantity measured. 
The limitation of the least count of the 
instrument causes the appearance. It 
has frequently been mistakenly inter- 
preted as a real effect. 

One other comment, and I am merely 
repeating what Moore has said; Mr. 
Smith has added much to our ammuni- 
tion, when we try to persuade people 
that an offset is not a set. We know 
more about many materials now when 
we are measuring offsets of the order of 
one or two hundredths of one per cent. 
There is no necessary relation between 
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these offsets and the permanent set of 
the material, after the release of the 
load. However, for the peace of mind 
of some of us more practical engineers 
who only occasionally can delve into 
these submicroscopic behaviors of ma- 
terials, I wish Mr. Smith would reassure 
us that in these materials, if we are 
measuring offsets of the order of one 
tenth to two tenths of one per cent, we 
can be reasonably sure that the offset 
gives us a fair measure of the permanent 
set at offsets of that magnitude. I 
should hate to think that we shall be 
obliged in all of our specifications test- 
ing to release the load repeatedly and 
actually measure the permanent set in 
order to form a reasonable estimate of 
the load which would produce a perma- 
nent set of the order of one to two-tenths 
of one per cent. I wish that in pre- 
paring his reply, he would give us some 
data as to whether for these large off- 
sets we can, as we have always hoped 
to do, reasonably use offsets instead 
of sets. 

There is only one flaw in this other- 
wise extremely valuable paper that I 
have been able to find, and that is his 
use of the words “proportional limit.” 
It seems to me that it is time that we 
should banish forever from the nomen- 
clature of testing those two phrases, 
“proportional limit’ and “elastic limit.” 
We know there are no such limits in any 
of the ordinary polycrystalline aggre- 
gates which we use. If we need to 
specify the values these terms are used 
to represent, I would like to suggest 
that we speak of a “0.01 per cent 
offset stress” or a “0.01 per cent set 
stress.” I doubt the practical value, 
except for very special uses, of stresses 
based upon such small deviations from 
Hooke’s law, but I should like to see, 
instead of a “yield stress’? which may 
not represent a yield at all, that we 
would speak, say, of a “0.2 per cent 
offset stress’, or a “0.2 per cent set 
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stress”, specifically stating just what 
measurements we made and just what 
we found. 

Mr. A. R. ANDERSON" (by letier).— 
With increasingly precise measurements 
of tensile stress-strain relations, added 
care must be employed in interpreting 
the data. It has frequently been 
pointed out that in the range of plastic 
deformation the figures ordinarily used 
in plotting stress-strain curves, and 
which are referred to the initial cross- 
sectional area and initial gage length, do 
not represent true stresses and true 
strains. The errors from use of the 
nominal figures have been generally 
supposed to be negligible for the elastic 
part of the test. That this is not always 
the case is shown by the following con- 
siderations of the magnitude of the 
effect. This work was carried out at 
the suggestion of the author. 

As a specimen elongates under load 
the gage length which the extensometer 
spans progressively increases; conse- 
quently, the actual unit strain € is some- 
what less than the figure ¢, obtained by 
dividing the total extension AL, by the 
initial gage length, Z..% An exact ex- 
pression for strain is obtainable by 
considering an infinitesmally small in- 


crement of strain, —- integrated over 


L 
the given range of extension. 
strain, e, then becomes 


The true 


Ly 


When a specimen is stressed in ten- 
sion its cross-sectional area decreases. 


t Research Laboratory, American Brass Co., Water- 
bury, Conn. 

® A complete list of symbols and meanings is appended, 
See p. 881. e accompanying Fig. 3 may assist in vis- 
ualizing the various quantities. 
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True unit stress, S, obtained by dividing 
the load by the actual area, A, is, con- 
sequently, somewhat greater than S,, 
the value ordinarily calculated on the 
original area, A,. It has usually been 
assumed that there was no volume 
change, whence 


= (1 + So (2)* 


Actually the volume change is appre- 
ciable and cannot be neglected. For a 
round cross-section 


= (1 + (1 + So (3)* 


Where yu is Poisson’s ratio, here de- 
fined as the ratio of the true unit con- 
traction to the true unit extension. 
This is positive in sign. In terms of f, 
(the relative change in initial diameter, 
AD, 
D, 


which is negative for a tension 


test, true stress is 
(1 + t)? 


From the preceding it is evident that 
at every point above the origin the 
usual stress-strain curve (S, versus €,) 
lies somewhat to the right of and below 
the true stress-true strain curve (S 
versus €) and that the higher the strain 
the greater becomes the separation be- 
tween these curves. If the true stress- 
true strain curve follows Hooke’s law the 
ordinary stress-strain curve will be curved 
from zero stress and a proportional limit 
determined from the latter will appear 
progressively lower as the precision of 
testing and scale of plotting the data 
are increased. Such a proportional limit 
obviously bears no relation to the point 
of actual departure from proportionality 
between true stress and true strain. 
The accompanying Fig. 1(a) shows this. 
The S, versus €, curve has broken away 


* The derivations of the equations used in this dis- 
cussion may be secured from Mr. Anderson upon request. 
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from the straight true modulus line at tionality on a large scale clearly indi- 
extensions around 0.4 per cent. Figure cates the effect even below 0.1 per cent. 
1(b) showing deviation from propor- It might be pointed out that if the 
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Fic. 1.—Relationship of Stress-Strain Curves. 


(a) Comparison of a nominal stress-strain curve and the true stress - true strain curve. Hypothetical case for Pois- 
son’s ratio of 0.3, when the true curve is linear to 85,000 psi. stress and 0.5313 per cent strain and arbitrarily curved 
thereafter. Drawntoscale. : 

(6) Deviation from proportionality of curves of Fig. 1 (a) and of the So versus €’ curve which, in Fig. 1 (@) would 
be indistinguishable from the S versus € curve. Note how well the true relationship is represented by the So versus €’ 
curve without corrections. Drawn to scale. 
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0 
Strain, (Eo), in. per inch 
es Fic. 2.—The Strain Correction, ¢, Used To Obtain e’, Varies with Nominal Strain ¢, and Poisson’s 
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nominal data of Fig. 1 were plotted 
without a knowledge of the true modulus 
a straight modulus line of somewhat 
less slope might well be drawn making 
the deviation of the S, versus €, curve 
in the elastic range considerably less 
apparent and indicating a false pro- 
portional limit. 

The true stress - true strain curve can 
be constructed from ordinary S, and 
¢, data by correcting the stress figures” 
to allow for the decrease in cross-section 


and correcting the strain figures for the 
progressive increase in gage length. — 
The true value of stress for any nominal — 


value S, is obtained by adding 2ye.S. 

to S, (see Eq. 3). This correction in- 

volves but an exceedingly small error 

from the neglect of higher order terms. 

The true strain for a nominal value e, 


is found by adding — . + 3 to € 


(from Eq. 1). Here, again, the correc- 
tion involves a negligibly small error 
from neglected higher order terms. 

The above straightforward procedure 
of correcting both stress and strain fig- 
ures results in unequal increments of 
true stress and of true strain regardless 
of whether the nominal data are in equal 
increments of stress or strain. This 
complicates plotting of the corrected 
data and adds appreciably to the labor 
involved in obtaining curves showing 
deviation from proportionality (offset). 
When the experimental data are ob- 
tained in equal increments of nominal 
stress it is advantageous to add a single 
correction to each nominal strain figure 
which takes into account both the in- 
crease in gage length and the decrease in 
cross-sectional area. 

A correction ¢ has been derived which 
when added to e, gives a strain figure 
é which is in the same proportion to 


ory 
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S, as the true strain e is to the true 
stress S. If these values of ¢’ are 
plotted against the values of S, for 
which they are obtained the resulting 
curve will represent the true stress - true 
strain behavior plotted to a distorted 
scale, the distortion being very small 
but increasing with strain. For most 
purposes the curve and its affset curve 


z 3 
2 8 


Strain 


Fic. 3.—Illustration of Various Quantities 
Discussed, 
Points A, B, C, and F are equivalent points on the 


several curves 4 the same load P on the specimen. Not 
to scale. 


can be taken to represent the true stress- 
true strain behavior of the specimen. 
The strain ¢’ is given by the expres- 
sion: 


whence 


We cage 
(6) 
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For small strains the e,* term can often 
be omitted and the correction, ¢, to 
be added to the observed strain e, be- 


comes 
(Simplified 
expression) (7) 


A strain error, not exceeding 5 K 10- 
per cent résults from using this sim- 
plified form for strains not greater than 
0.75 per cent when yw is about 0.3. 
Tabulation or graphical representation 
of the correction for different values of 
€, and makes it possible to obtain 
from e, by simple subtraction (¢ being 
negative). The accompanying Fig. 2 
shows, in a general way, how the cor- 
rection varies. In practice this correc- 
tion can be made at the time the offset 
is computed. 

The accompanying Fig. 3 is included 
to interpret geometrically various sym- 
bols used in this discussion. It is ob- 
viously drawn all out of proportion for 
illustrative purposes and does not repre- 
sent the various quantities in their rela- 
tive magnitudes. All dimensions shown 
refer to a single condition (that is, ap- 
plied load and resultant elongation) of 
the specimen, which would be plotted as 
point A from “nominal” data, as point 
B for true strain against nominal stress, 
as point C from true stress and true 
strain figures and as point F for the 
strain e’ against nominal stress. 

As stated above the S, versus ¢’ curve 
for most purposes can be considered 
identical with the S versus e€ curve. 
However, if desired, a point on the S 
versus € Curve corresponding to any point 
on the S, versus e’ curve can be found as 
follows: To the given value of S, add 
2ueS. to obtain S (Eq. 3) and to the 
corresponding value of ¢’ add 2ye,e’ 
to obtain «.* Deviation (offset) curves 
are handled similarly. The stress value 
is corrected, in the above manner, and 
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to Ae’, deviation of the S, versus e’ curve, 
for stress S,, is added 2ye,-Ae’, to give 
Ae, the deviation of the S versus € curve 
for the corrected stress figure, S.* The 
factor 2ue, enters into each of these 
corrections and is small. For a Pois- 
son’s ratio of 0.3 it does not exceed 
0.006 for strains of 1 per cent or less. 

As an example, if the S, versus e’ curve 
showed a strain deviation of 50 K 10- 
per cent at a nominal stress of 90,000 
psi. with a strain, e’, of 0.5467 per cent 
the S versus € curve would show a devia- 
tion of 50.17 X 10- per cent at a true 
stress of 90,297 psi. and a true strain of 
0.5485 per cent. If the stress, strain 
and/or deviation were less the correc- 
tions would be smaller. The factor 2ye, 
in this case is 0.00330 indicating a cor- 
rection of about one-third per cent in 
all three quantities. The value of true 
strain for a true stress of 90,000 psi. 
would be not far from the 0.5467 per 
cent figure obtained for e’ for a nominal 
stress of that value. 

The curves of Fig. 1 are for a hy- 
pothetical case having a linear true 
stress - true strain relationship up to 
85,000 psi. stress drawn to scale for a 
modulus of 16,000,000 psi. and a Pois- 
son’s ratio of 0.3. The deviation curves 
(Fig. 1(b)) clearly show how nearly 
identical the S, versus e’ and S versus € 
curves are; they cannot be separately 
identified when drawn to the scale of 
Fig. 1(a). It is evident from these 
curves that for small offsets if the stress 
values alone of a S, versus Ae’ curve are 
corrected the resulting curve (S versus 
Ae’) is practically indistinguishable from 
the true (S versus Ae) deviation curve. 

For ordinary purposes the difference 
between the nominal and true stress- 
strain curves is quite unimportant and 
indeed is less than the combined gaging, 
extensometer and machine errors. It is 
significant, however, when one is con- 
cerned with the validity or otherwise of 
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Hooke’s law and with finding the point 
of departure from proportionality. De- 
termination from an uncorrected curve 
of proportional limit corresponding to an 
ofiset of 0.0002 per cent may be subject 
to considerable error if the material is 
elastic much above 0.2 per cent strain. 
This can be seen by attempting to apply 
a straight line to a curve such as S, 
versus Ae, of Fig. 1(b). It becomes im- 
possible to find such a proportional limit 
if it occurs at an extension greater than 
about 0.3 per cent. Any possible curva- 
ture in the elastic portion of a stress- 
strain diagram should be considered only 
after making suitable corrections to the 
usual data. Omission of corrections is 
sufficient to account for much of the 
frequently observed bend in the elastic 
region. 

Since none of the materials consid- 
ered in the paper under discussion was 
elastic to strains exceeding 0.2 per cent, 
application of these corrections would 
not materially affect the observed values 
of proportional limits. 1 


L, = Initial gage length, no load. 7 oer 
L = Gage length under load P. 
AL, = Change in gage length from no load to 
load P. AL,=L-—L, 
dL = Differential of L. 
€. = Relative extension for load P, referred to 
AL, 
e = True longitudinal strain for load P, 
referred to continuously variable gage 


L 
dL 
length. fa 


o 
= A strain which is to nominal stress S, 

as true strain, e, is to true stress, S. 

¢ = A strain correction which, added to €, 
gives e’. 

P = Axial load on specimen. 

A, = Initial cross-sectional area of specimen, 
no load. 

A = Cross-sectional area under load P. 

S, = Nominal stress, computed on_ initial 


SyMBOLS USED 


initial gage length. 


= 


area, 
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S = True stress, computed on actual area. 
P 
D, = Initial diameter of 
section, no load. 
D = Diameter under load. 
AD, = Change in diameter from no load to load 
dD = Differential of D. 
t, = Relative change in diameter for load P 
referred to initial diameter. 
AD, 
= True lateral strain for load P, referred 
to continuously variable diameter. 


jap 


t 

p= ly 
€ 

= Elastic modulus (assumed constant). 

= An assumed (constant) modulus for 


computing deviation data. 


specimen cross- 


i= 


= True Poisson’s ratio. 


= The ratio £ for all values (not a con- 


stant). 
= Strain computed for a modulus E,4 and 
stress S. e4 = E, 
» = Strain computed for a modulus EZ, and 
ss 
= E, 
= Deviation of S, versus €, curve from E,4 
modulus line for stress S,. Ae = 
= Deviation’ of S versus e curve from E,4 
modulus line for stress S. Ae = 
€4 
Ae’ = Deviation of S, versus e’ curve from E, 
modulus line for stress S,. Ae’ = 
e = Base of natural logarithms. 


stress So. €4, 


Mr. Cyrit STANLEY SmitH™ (A uthor’s 
closure by letter).—I should like to thank 
the various gentlemen who have dis- 
cussed this paper for their valuable 
comments. Mr. Anderson’s discussion 
will be useful to those who are concerned 
with the fine points of elastic and 
inelastic behavior. It remains to be 
seen how much curvature of the true 
elastic line exists when corrections such 
as these are applied. 


"18 Research Metallurgist, American Brass Co., 


Water- 
bury, Conn. 
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It is true, as Tuckerman says, that the 
optical lever system of his extensometer 
is basically no more sensitive than other 
types. Nevertheless, the instrument is 
considerably more accurate under ordi- 
nary conditions of use because it is 
unnecessary to maintain exact adjust- 
ment of the relative positions of the 
autocollimator and the prism arrange- 
ment. I do not believe the use of a 
larger roof prism is necessary. The 
restriction of aperture caused by the 
small lozenge in the standard exten- 
someter is apparently responsible for the 
slight fuzziness, and the image is as 
clear and sharp as could be desired 
when the lozenge is replaced by the 
2 in. right-angle prism, as shown in 
Fig. 1. 

The use of the deviation method of 
plotting stress-strain data is even older 
than the 1927 reference quoted in the 
paper. Batson and Hyde in Vol. I of 
their Mechanical Testing,“ published in 
1922, describe and illustrate the method 
but give no reference to its origin. The 
wave-like fluctuation of the data com- 
mented upon by Mr. Tuckerman seems 
to be too great to be accounted for by 
the least unit step of the instrument. 

Mr. Tuckerman criticizes the use of 
the words “proportional limit” and 
“elastic limit.” The author readily 
admits that these terms by themselves 
are meaningless but contends that when 
these are followed by a statement of the 
permitted offset or permanent set they 
represent a measurable property of mat- 
ter and provide a figure of some use. 
Proportional limit defined in this way 
is of the same nature as the yield 
strength at the usual 0.2 per cent offset, 
but while the “proportional limit” indi- 
cates the first practically detectable 
plastic deformation the yield strength 
is meant to represent deformations that 

4 R. G. Batson and J. H. Hyde, ‘““Mechanical Testing,” 


Vol. I, “Testing of Materials of Construction,’”” Chapman 
and Hall, Ltd., London (1922). 


sometimes at least could be permitted 
in practice. There is danger, of course, 
that the term “proportional limit” will 
be used without a corresponding strain 
offset, in which case it is practically 
meaningless. Proportional limits de- 
termined from _ stress-strain curves 
plotted in the customary fashion are 
also of little value not only because of 
the difficulty of deciding where deviation 
first commences but more because of 
the difficulty of unequivocally establish- 
ing the initial modulus line. 

Both Sayre and Thum mention creep 
and recovery effects. When using a 
specimen of the size described, the 
thermal effect resulting from change of 
temperature by adiabatic elastic ex- 
pansion is dissipated by conduction to 
the massive specimen holders and does 
not cause any effect on slow application 
and release of load. The effect becomes 
visible in determinations of elastic limit 
but can be minimized by applying and 
removing the load as rapidly as is con- 
sistent with accuracy, for heat transfer 
between specimen and its surroundings 
is then small in either direction. If the 
load were maintained for several minutes 
to allow the specimen to reach thermal 
equilibrium under stress, then on releas- 
ing the load quickly the resultant heating 
of the specimen caused an expansion. 
For example, with heat-treated beryl- 
lium copper at a maximum stress of 
90,000 psi. this amounted to 11 X 10° 
in. per inch but it was dissipated in 3 
min. and there was thereafter no detect- 
able change. When the same load was 
applied in 38 sec., held just 5 sec. and 
released, the thermal effect amounted 
only to 4 X 10~ in. per inch and was 
completely dissipated in 2 min. These 
effects would be different with materials 
of different conductivity, but in every 
case the desirability of not holding the 
load for prolonged periods is evident. 
These comments relate only to small 
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length changes resulting from the tem- 
perature change accompanying elastic 
deformation. With large amounts of 
plastic deformation there is a super- 
imposed effect of more or less straight 
creep, that is, plastic elongation with 
time under constant load and tempera- 
ture, and a partial reverse recovery at 
zero stress. This effect has not been 
studied in detail as it is not significant 
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from the changes of dimensions of the 
specimen under load, and it is only 
after the corrections proposed by Mr. 
Anderson are made that the change of 
true modulus can be seen. 

One specimen that had been strained 
10 per cent, from the series that was 
annealed to provide the results shown 
in Fig. 8, was preserved at room tem- 
perature for 209 days (about 7 months) 
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Annealed 400 C. and Stretched /0 percent 
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A al 
6 Annealed 400C. 
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A=Fermanent Set 
B=Offset 


<0. / per cent > 
; Fic. 4.—Comparison of Permanent Set and Offset at Various Stresses. 


in the tests involving only minute plastic 
deformations. 

Sayre suggests that the stress-strain 
curve is not necessarily straight even 
in the elastic region. I share his belief 
but feel that such curvature becomes 
detectable only in those few materials 
wherein very large elastic deformations 
are possible. It is mentioned in the 
paper that appreciable curvature results 


" 


and has now been tested. The propor- 
tional limit (0.0002 per cent offset) 
was found to be 19,500 psi. indicating 
that the recovery effect is appreciable 
at room temperatures. 

In the paper the comparison is made 
between offset and permanent set for 
70-30 brass and it was shown that these 
two indices of plastic deformation are 
by no means we To answer 
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the comments of Moore regarding the 
present standards for yield strength, 
some additional information has been 
collected. The accompanying Fig. 4 
shows data similar to that in Fig. 10 
of the paper but continued to much 
larger amounts of strain. In the case 
of the material annealed at 400 C. and 
also when stretched in tension 10 per 
cent the stress corresponding to 0.2 
per cent offset is about the same as that 
corresponding to 0.2 per cent per- 
manent set. However, in the hard- 
drawn rod the stress corresponding toa 
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0.2 per cent offset is 84,500 psi. which 
produces a permanent set of only 
0.089 per cent, and a stress of 97,000 
psi. is needed to produce a permanent 
set of 0.2 per cent. This difference is 
not negligible even in commercial test- 
ing. Incidentally, the points plotted 
as triangles in the accompanying Fig. 1 
represent the permanent set obtained by 
applying stress in large increments while 
the circles represent small increments. 
It is apparent from these that the dif- 
ference between the two cases is not as 
great as implied in the paper. 
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INTERNAL HYDRAULIC BURSTING TESTS OF LEAD AD CABLE 
SHEATHING 


By Howarp S. PHEtps,! ALBERT M. GatTEs,! AND FRANK Kann! 


SYNOPSIS 


Bir 


pears to be the lead sheath itself. 


BACKGROUND 


A method of testing lead cable sheath- 
ing that would give consistently repro- 
ducible results has been a need of long 
standing of both cable manufacturers and 
users. It is felt that developments in 
| quality of lead sheathing and the use of 
advantageous lead alloys has not kept 
pace with improvements in design of the 
rest of the cable. This lag has been due 
in part to a lack of sufficient reliable 
data on which to base improvements. 
After experimenting with a number of 
the more commonly used methods of 
lead testing, the authors have developed 
a procedure which is simple in operation, 
gives reproducible results, and has prom- 
ise of indicating relative quality of 
sheathing. 

The importance of the sheathing 
problem became apparent about a dec- 
ade ago when it was observed in Chic- 
ago, Philadelphia, and other places, 
that a large number of 69-kv. cable 


sistaeneineet Special Tester, and Senior Technical As- 


sistant, respectively, Special Investigation and Testing 
Division, Phila ladelphia Electric Co., Philadelphia, Pa. 


One of the most vulnerable components of lead-sheathed power cable yap ; 
This paper describes a method for mak- 
ing reproducible hydrostatic bursting tests of cylindrical lead specimens, which 
has been developed to simulate service conditions. 
now being obtained from which it is hoped to determine the kind of lead 
- orlead alloy which will best withstand internal pressures developed in service. 
- Results to date have revealed information about lead sheathing that gives 
a new conception of the problem. Suggestions are made for further study. — 
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Reliable test data are 


failures were caused by openings ait 
splits in the sheathing of solid-type 
cables. These split sheathings were 
apparently caused by internal pressure 
resulting from loading cycles and the 
relatively new practice of maintaining 
positive oil pressure in the cable. No 
trouble of this kind was experienced 
with three-conductor 13-kv. cable at 
that time, or subsequently. Apparently 
this cable has ample fillers to compensate 
for expansion. 

As a result of these experiences, 
general interest was aroused in methods 
of testing lead cable sheathing. As 
earlyas 1928 the Utilities Research Com- 
mission in cooperation with the En- 
gineering Experiment Station of the 
University of Illinois started an exten- 
sive investigation of the creep of lead 
and lead alloys. The Insulated Power 
Cable Engineers Association formed 
a special committee in 1931 to analyze 
the situation, and was later joined by the 
committee on High-Tension Cables of 
the Association of Edison Illuminating 
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Companies. These committees in- 
augurated series of tests among member 
companies designed to show relative 
results of several of the more commonly 
used tests as conducted in different lab- 
oratories. Other investigations were 
made independently by both manufac- 
turers and utilities. 

In order to understand properly de- 
velopments, it is necessary to be familiar 
with the early theories and practices 
in testing lead, in the form of fabricated 
cable sheathing as well as for the physi- 
cal characteristics of the metal. It is 
especially important to be familiar with 
the effect of the welds on the sheathing. 


Description of Welds: 


With the lead presses in common use 
in America, welds occurring in the manu- 
facture of lead cable sheathing are of 
two kinds, most conveniently classified 
according to their origin. The first of 
these classifications is the die weld. As 
the slug of lead is forced through the 
lead press most commonly used, it is 
divided into two streams by the bridge 
of the die block. The two streams then 
fold around the cable core and reunite 
at the top and bottom of the cable, 
forming two die welds. In a cross-sec- 
tion of cable sheathing, die welds take 
the form of practically radial lines ex- 
tending from the inner to the outer sur- 
faces of the lead. 

The other classification is the charge 
weld. These are formed in the charging 
cylinder of the press between successive 
charges of molten lead. The charge 
welds are variously referred to by cable 
manufacturers as flow lines, charge 
loops, or tongues, when their effect is 
made evident in the sheathing. They 
appear in sheathing when that part of 
the lead slug including the charge weld 
goes through the die block and folds 
around the cable core. Since the slug 
cools from the outside, lead in the middle 


of the slug remains more plastic than 
the outside and hence is moved more 
rapidly by pressure from the press. The 
effect is that of a tongue of lead from the 
new charge penetrating into the remain- 
der of the old charge. This tongue is 
divided by the bridge of the die block 
and appears as a tongue on each side of 
the cable. Successive cross-sections of 
the sheathing, then, contain series of 
loops increasing in size from points 
where the tips of the tongues first 
appear, to loops whose edges coincide 
with the die welds and the surfaces of 
the sheathing. 

The section of sheathing between the 
first and last appearance of the charge 
loop is known as the critical region of 
the extrusion cycle. Under some oper- 
ating conditions it is possible for two or 
more charge loops to occur in one cross- 
section. Usually there is a relatively 
long section of sheath known as the 
noncritical region containing, substan- 
tially, lead from only one charge. 

Although these weld areas are the- 
oretically present in all cable sheathing 
extruded with the type of press under 
consideration, it is sometimes practically 
impossible to detect them with the etch- 
ing test when the more modern manu- 
facturing techniques are used. A de- 
scription of themore modern lead presses 
is beyond the scope of this paper, but a 
brief summary of them is given in an 
article by W. H. Bassett, Jr. (1),” and 
greater details in articles by Atkinson 
(2), Faucett (3), Peirce (4), Sherman 
(5), Reinitz (6), and Zickrick (7). These 
articles also include micrographs showing 
the weld areas mentioned above. 

Little was known of the stress and 
strain characteristics of lead cable 
sheathing when the advent of high- 


2 The boldface numbers in parentheses refer to the 
reports and papers appearing in the list of reference: 
appended to this paper, see p. 903. 
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voltage cable to transmit large blocks of 
power emphasized the seriousness of the 
problems associated with it. However, 
each of the cable manufacturers had his 
own system of testing to determine 
whether his product was of acceptable 
quality. The principal causes for re- 
jection, other than eccentricity, were 
defects in either die or charge welds. 
Weak die welds may result if proper 
conditions of temperature and pressure 
are not maintained at the die block. 
When the two streams of lead meet after 
being divided by the bridge of the die 
block, the temperature must be such 
that the pressure exerted will cause the 
lead to weld firmly together. If the 
lead is too cold, the two streams will 
simply be pushed together without 
welding, or with only partial welds. 
The result is known as a “cold weld”. 
The same problem obtains with re- 
spect to uniting two successive charges 
in the charging cylinder. In this case, 


the lead of the new charge is in a molten 
state and tends to heat the remainder 
of the old charge enough by contact to 
form a weld. However, there is the 
possibility that the weld will not be 
complete, in which case there will be 
discontinuous sections of lead in the 


press. There is also the possibility 
that oxides or other contaminating mate- 
rial will collect on the surface of a charge, 
and unless precautions are taken to 
eliminate or remove them, successive 
charges will be separated by a layer of 
inclusions. When this part of the slug 
is extruded on the cable core, the con- 
taminating materials are included along 
the flow lines. Considering a longitu- 
dinal section of the sheath through the 
critical region, a condition of layers of 
separated lead known as “laminations” 
is created. The term is also applied to 
separated layers of lead without in- 


LEAD CABLE SHEATHING 


Tests for Integrity of Sheathing: 


The early tests of the manufacturers 
were largely confined to detecting “cold 
welds” and “laminated lead.” Of 
necessity, they were rapid tests that 
could be performed in the factory with- 
out unduly delaying production. 
Among those used were the bending 
test, drawbench test, and several vari- 
ations of a test that expanded ring 
specimens. These tests are described 
in I.P.C.E.A. publications (8, 9). 

In the bending test, “‘cold welds’’ were 
detected by the radial nature of the 
break, following the die weld from the 
inside to the outside of the sheath. 
Lead with excessive inclusions was dis- 
closed by rounded breaks which followed 
the curve of the charge loop from the 
inside to the outside of the sheath in 
much the same manner as the radial 
break; or by the nature of the laminated 
breaks where the fracture traversed the 
several layers of lead formed by the 
flow lines. While radial and rounded 
breaks were generally accepted as repre- 
senting defective sheathing, the serious- 
ness of defects causing laminated breaks 
was largely a matter of the opinion of 
the person making the test. If a large 
amount of inclusions was present— 
detected by granular appearance of the 
lead—the sheath was apt to be rejected. 
If, however, only a moderate amount 
of inclusions was found, or simple 
separations of layers of lead, the ten- 
dency was to accept the sheath as sound. 

This tolerance was influenced by re- 
sults of stretch tests on ring specimens. 
These tests were favored when time 
permitted because they more closely 
resembled conditions obtaining in the 
field.. In these tests, defective welds 
were revealed by radial or rounded 
breaks similar to those obtained with 
the bending test. However, if the 
specimens contained only clean lamina- 
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tions or a:‘moderate amount of inclu- 
sions, the lead would neck down to the 
same kind of a wedge-shape break that 
was obtained for homogeneous lead. 
The assumption was that for operating 
purposes the strength of sheathing was 
not impaired by laminations with mod- 
erate amounts of inclusions. 

When the integrity of lead sheathing 
was questioned and cable users as well 
as manufacturers became interested in 
testing methods, an attempt was made 
to. convert these tests for acceptability 
into tests for relative quality. This 
made it necessary to standardize test 
procedures and develop some system of 
index numbers for purposes of com- 
parison. For example, the bending test 
procedure was standardized, and an 
attempt was made to use the number of 
bends to fracture as a criterion, as well 
as the type of break. 

In conjunction with deformation tests, 
it became common practice to prepare 
an etched specimen of an adjacent sec- 
tion of sheath to show the relation of 
fracture to grain structure. Com- 
parisons of these data supported the 
conclusion that both the bending test 
and various forms of the stretching 
test would detect “cold welds” and 
exceptionally bad “laminations.” They 
also appeared to support the theory that 
in cases where a wedge-shape rupture 
was caused by any of the various forms 
of stretching tests, the strength of the 
lead was not seriously affected by the 
presence of laminations or small amounts 
of inclusions. However, there remained 
a wide band between sheathing generally 
accepted as bad and that which was in- 
contestably good. Interest was inten- 
sified in classifying sheathing falling 
in this band. 


TESTS BY THE PHILADELPHIA ELECTRIC 
Co. 


seriousness of 


Although the 
sheathing was recognized 


the 
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the Philadelphia Electric Co. as early 
as 1931, it was not until the latter part 
of 1932 that delay in general progress 
prompted active participation in studies 
to solve it. It was realized that the 
study of creep was being ably covered 
by Moore at the University of Illinois, 
but it was not definitely established 
whether lead of low or high creep char- 
acteristics was preferable for sheathing. 
However, it was obvious that sheathing 
should not fail under operating pressures 
during the life expectancy of the cables. 
Accordingly, the most direct approach 
appeared to be a study of the strength 
of cable sheathing as opposed to creep. 

After experimenting with some of the 
more commonly used tests, the authors 
concluded that the one having greatest 
promise consisted of applying internal 
pressure to a section of sheathing until 
failure occurred. This opinion was 
strengthened by the early reports of 
investigations by the I.P.C.E.A. com- 
mittee (8) and the University of Illinois 
(10). Both of these investigations made 
approaches to the problem of applying 
stresses as they actually occurred in the 
field, but their main efforts were in other 
directions. 

The principal objection to internal 
pressure tests was the lack of simplicity 
in conducting them. In spite of this 
the authors felt that the superior results 
obtained warranted more careful studies 
as to simplification of method and inter- 
pretation of data. As progress was 
made it was visioned that a correlation 
between long-time and short-time tests 
might be obtained, so that a normal life- 
expectancy of cable sheath could be 
forecast. 

The present method of conducting 
constant pressure hydraulic bursting tests 
is the result of several converging branches 
of investigation. Although some of the 
results reported in this paper were 
obtained by earlier methods only the 
current one will be described. 
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Calculation of Stress! 


In the early stages of the investigation 
it was realized that calculation of stresses 
in a sealed-end specimen was far re- 
moved from the case of a strip specimen 
in simple tension. A sealed-end speci- 


men is subject to forces in tension in 
the circumferential and longitudinal 


ute? 


Hose Clamps @ 


‘Mechanics of Materials,” eleventh 
edition, by Mansfield Merriman. A 
value of 0.45 was used for the factor of 
lateral contraction (Poisson’s ratio). 
This formula involves several assump- 
tions and approximations, but it is felt 
to be as accurate as is warranted by the 
accuracy of the data on which it is based. 


Paper Tape 


Fic. 1.—Method of Sealing Ends of Specimen with Hose Clamps. 


lin 


Fic. 2.—Use of Vise to Tighten Hose Clamps to Seal Ends of Specimen. 


directions and a force in compression 
in the radial direction. It was felt 
that the result of these forces should be 
known before conclusions could be drawn 
from test results. 

Although other investigators have 
used the conventional hoop stress for- 
mula, S = PD/2t, it was felt that this 
approximation might not be adequate 
for sealed end specimens. Accordingly 
a formula was derived, using as a basis 
the theory set forth in Chapter 15 of 


The formula for maximum stress is 
stated as follows: 


S = PD/2tmin. + P (1.065 — 0.1125 
D/tave.) 


Method of Preparing Specimens: 


A typical specimen prepared for test 
is shown in Fig. 1. Specimens ap- 
proximately 12 in. long are used. The 
end plugs, shown in position, are solid 
iron cylinders 2 in. long. One of them 
is drilled through and tapped for a 
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_ in. pipe nipple for connection to the 


_ ay pressure supply. The other is drilled 
ss part way through and tapped for a 
piece of pipe to be used as a handle. 


End plugs are selected slightly smaller 
in diameter than the inside diameter of 
the specimen. The diameters of the 
plugs are built up with ordinary 


gummed wrapping paper until they 


slide into the ends of the specimen with- 
out appreciable clearance. Malleable 
iron hose clamps of suitable size known 
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specimen during expansion. This is 
advisable to prevent an explosive rup- 
ture of the specimen when it fails. The 
specimen is filled with water and con- 
nected to the pressure system by means 
of the union shown. Valve A is then 
upened and full pressure quickly applied 
to the specimen. With this arrange- 
ment, the change in pressure in the air 
reservoir due to the expansion of the 
test specimen is very slight and can be 
adjusted from time to time with the 
manually operated hydraulic pump. 


For Connection of 
Additional Check 
Valve Loops 


Pi 
Accumulator H 


} Electric Circuit 
i Controlling 
| Recorder 


Fic. 3.—Air Reservoir Method for Maintaining 
Pressure on Specimen. 


to the rubber trade as “King” clamps 
are then slipped over the ends of the 
specimen and the clamps tightened, 
compressing the lead around the end 
plugs. A simple method of tightening 
the clamps in an ordinary vise is shown 
in Fig. 2. 

The method for applying pressure to 
the specimen consists of using a vertical 
pipe accumulator or reservoir, with an 
air cushion over a column of water. 
Suitable apparatus is shown diagram- 
matically in Fig. 3. With valve A 
closed, the required pressure is built 
up in the reservoir, using only as much 
water as is necessary to supply the 
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Fic. 4.—Diagram of Method for Making 
Multiple Tests with Single Accumulator. 


In order to expand test facilities with 
the minimum equipment, means were 
devised for using a single accumulator to 
make simultaneous tests on _ several 
specimens at the same pressure. This 
is accomplished by providing each speci- 
men with a check valve system to pre- 
serve pressure on the other specimens 
after any one bursts. 

The apparatus is shown schematically 
in Fig. 4. Any number of specimens 
can be tested from one reservoir as in- 
dicated by valves B and B’. The 
essential feature for multiple operation 
is the swing check valve £, connected 
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in a direction to oppose flow toward the 
specimen. The check valve is inclined 
from the horizontal so that gravity 
holds the valve disk free of the seat 
when the pressure is equalized. With 
the specimen connected as indicated 
and with starting valve C closed, the 
slight flow of water for normal expansion 
of the specimen does not close the check 
valve. However, when the specimen 
bursts, the check valve is closed by the 
pressure differential. 

With this apparatus, some precautions 
are necessary to assure that full pressure 
is maintained on the specimens. Gage 
H is an inexpensive indicating pressure 
gage connected between the check 
valve and specimen to give visual assur- 
ance that the check valve is not in a 
closed position. Gage G includes a 
mercury switch which operates a low- 
pressure signal in the event that the 
check valve leaks after a specimen 
bursts, thus releasing the pressure on 
other specimens on the same reservoir. 
Gage F operates another signalling 
device that records the time of failure 
of the specimen to which it is connected. 


Temperature Control: 


The first tests were conducted at am- 
bient temperatures. In order to reduce 
divergence of results, a thermally in- 
sulated box was constructed and 
equipped with thermostatic control for 
110F. The specimens are now sus- 
pended in this box and connected to 
the pressure supply with copper tubing. 

A few tests have also been conducted 
in other boxes held at 150 F. and 50 F. 
With the present capacity, simultaneous 
tests can be made on 16 specimens at 
150 F., 24 at 110 F. and 6 at 50F. 

In order to eliminate slight variations 
in pressure in the reservoirs due to am- 
bient temperature changes, present plans 
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call for enclosing the 8 reservoirs in use 
in a constant temperature compartment. 


Cyclic Pressure Tests: 


A point of general interest has been 
whether constant-pressure tests were 
comparable to field conditions, because 
of the known variations in internal pres- 
sure in cables in service. The apparatus 
shown diagrammatically in Fig. 5 was 
designed to investigate this point. 

The theory of operation is that during 
the “off”? cycle water is kept in the 
accumulator under a vacuum. During 
the “on” cycle, the heating coil creates 
steam and raises the pressure to the de- 
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Fic. 5.—Diagram of Cyclic Pressure Apparatus. 


sired value. The pressure control gage 
and the auxiliary relay maintain this 
pressure within 1 lb. 

The frequency and duration of ‘‘on” 
cycles are controlled by an automatic 
timer. The vacuum is originally ob- 
tained by bleeding steam during an 
“on” cycle before the test specimen is 
connected. The rate of increase of 
pressure is a function of the heating 
current. Since the heat generated may 
be a source of danger, especially after 
the specimen bursts, a safety device is 
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installed, consisting of a thermostat 
_ Clamped on the outside of the asbestos 
ode 4 pipe covering. This is set to actuate a 
_ lockout relay which opens the heating 
circuit if the temperature rises to a 


increase in stress due to the increase: 
diameter as the specimen expands 
Using the conventional hoop-stress for 
mula, S = PD/2t for the purpose of 
illustration, it is evident that for a 


predetermined value. 
_ The present installation is capable of 
_ maintaining pressure up to 65 Ib. safely. 
A vacuum of approximately 28 in. is 


possible. 


or TEsts 


The relative merits of step-pressure 


= i and constant-pressure tests were given a 
great deal of attention. 


A number of 
_ tests were made on specimens of sheath- 


_ as nearly identical as it was possible 
to obtain, using both methods, with 


results all in favor of constant pressure. 
Not only were the bursting times for 
_ the same stresses in reasonably close 
agreement, but the relation of time-to- 
burst and applied stress appeared to be 
consistent. On the other hand, re- 
 producibility with the step-pressure 
method was very poor. 

Although the method of constant- 
pressure tests was adopted, due consider- 
ation was given to the advantages of 
making tests on the basis of constant 
stress. There is an appreciable dif- 
ference in the approach for cylindrical 
specimens under constant pressure, and 
tension test specimens under constant 
load. 

Considering the latter case, the initial 
stress is the ratio of applied force in 
tension to cross-sectional area of the 
specimen. However, as elongation 
takes place, it is accompanied by a re- 
duction in cross-sectional area, which 
increases the stress without having made 
any change in the force in tension. 

For cylindrical specimens, not only 
is there a similar increase in stress 
resulting from reduction in cross-sec- 
tional area, but there is a further 


constant pressure P, the stress S will 
increase directly as the diameter D, in 
addition to increasing inversely as the 
thickness 

This analysis applies to perfectly con- 
centric cylindrical specimens, which are 
not obtained in commercial production. 
The problem is further complicated by 
the factor of eccentricity. Since the 
stress varies inversely as the wall thick- 
ness, the initial stress in an eccentric 
specimen will vary around the circum- 
ference. The greatest strain and result- 
ing reduction in thickness will occur at 
the thinnest part and the increase in 
stress will accordingly be greatest there, 
thus accentuating the effect of the 
eccentricity. Furthermore, as_ eccen- 
tricity of sheathing is generally non- 
uniform, the rate of increase of stress 
will be different for specimens not hav- 
ing identical cross-section. This places 
a definite limitation on the testing of 
cylindrical samples, in that reproducible 
results can be expected only from iden- 
tical samples. 

An attempt was made to broaden the 
field of reproducibility to include any 
degree of eccentricity by basing the test 
on constant stress instead of constant 
pressure. This required rather elabor- 
ate calculations and sliding scales in- 
volving the four factors in the equation 
for stress, as well as considerable dex- 
terity on the part of the operator to keep 
pace with the changing conditions. 
This method was abandoned as too 
complicated, and the limitation accepted 
with respect to constant pressure and 
initial stress based on minimum thick- 
ness. 

The decision as to the most advan- 
tageous length of test specimen was also 
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influenced by the factor of eccentricity. 
The same factory limitations that make 
it impractical to manufacture perfectly 
concentric lead also operate to defeat 
the hope of obtaining long samples of 
the same degree of eccentricity. If 
the eccentricity changes in any given 
specimen, especially with respect to the 
minimum thickness, the stress will be 
changed longitudinally, and the time- 
to-burst may not be a function of the 
inside diameter and thickness as neces- 
sarily measured at the ends. Accord- 
ingly it was considered advisable to use 
specimens as short as possible that would 
leave a free length in the middle not 
restrained by the end clamps. Tests 
on samples of various lengths indicated 
that a 12-in. length is satisfactory for 
specimens up to 3 in. in diameter where 
the total expansion does not exceed 
approximately 25 per cent. 


Reproducibility of Results: 


In the latter part of 1935, results 
obtained by the authors were consistent 
enough to warrant a study of the re- 
producibility of test results in different 
laboratories. Accordingly, a coopera- 
tive program was arranged between the 
Brooklyn Edison Co. and the Phila- 
delphia Electric Co. 

Four 12-ft. samples of lead pipe were 
supplied by cable manufacturers, com- 
prising one sample each of A.S.T.M. 
grade III and copper-bearing lead from 
the non-critical and critical regions. 
Half of each sample was sent to each 
laboratory. 

The methods of conducting tests 
differed in the two laboratories in respect 
to sealing ends and applying pressure. 
Essential duplication was in the method 
of calculating stress and in holding the 
applied pressure constant. The schedule 
called for the testing of three specimens 
of each sample in each oe at 
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the same stress, and the remaining 
samples at other values of stress. 

The results of these tests were very 
promising. In the early part of 1937 a 
report was prepared and distributed to 
interested manufacturers and _ utilities, 
containing the following principal con- 
clusions: 

1. Constant-pressure hydraulic burst- 
ing tests of cylindrical specimens are 
reproducible among different labora- 
tories. 

2. A definite relationship exists be- 
tween initial stress and time-to-burst. 

3. This type of test appears capable 
of distinguishing between certain types 
of lead. 

No appreciable difference was found 
between the samples from the noncritical 
and critical regions. The relation in- 
dicated between initial stress and time- 
to-burst was that of a straight line 
when plotted on semilogarithmic paper, 
with a linear scale of stress as abscissas 
and a logarithmic scale of time-to-burst _ 
as ordinates. The line thus plotted 
for copper-bearing lead was approxi- — 
mately parallel to and definitely higher 
on the scale of time-to-burst than the © 


lines for grade III lead. This might 7 


seem to confirm the conclusion of other 
investigators based on their tests that 
copper-bearing lead has superior charac- 
teristics for cable sheathing. It will 
be seen however that further develop- 
ments leave this point open to question. 
When the above report was issued no 
bursts had occurred at stresses below 
800 psi. (95-lb. gage), but tests were in 
progress at 600 and 400 psi. (70 and 
47-lb. gage). When failures occurred 
at these stresses it was found that the 
copper-bearing lead continued the 
straight-line relation between initial 
stress and time-to-burst to a value of 
600 psi. For grade III lead, a knee 
apparently at approximately 
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800 psi., and the line assumed a steeper 
slope in the direction of longer time- 
to-burst to a value of 400 psi. The 
lines for grade IIT lead and copper-bear- 


A& B-Some Failure Section 
in Adjacent Rings. 


hotomicrogroph at A 


Radial burst in die weld at 47-lb. gage pressure (max. 
initial stress 400 psi.); time to burst, 19 months. 


pointing to a correlation between short- 
time and long-time tests. In the Brook- 
lyn-Philadeiphia project, the longest 
time-to-burst was approximately 1.9 


Photomicrograph at D 


Neck-down burst in lead between die and charge welds at 
92.5-lb. gage pressure (max. initial stress 795 psi.); time 
to burst, 23 hr. 


Fic. 6.—Hydrostatic Bursting Tests of Cylindrical Lead Specimens at Constant Pressure. 
Comparison of long-time and short-time bursts on two specimens from same sample. 


ing lead therefore converged, presenting 
the possibility that at normal operating 
stresses there would be little distinction. 

The relation between initial stress 
and time-to-burst showed promise of 
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yr. for a stress of 400 psi. at room 
temperature. It appeared desirable to 
seek even more consistent results so 
that extrapolations could be made to the 
period of normal life expectancy of 
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cables. If this were possible, the rela- 
tive advantages of pure lead and the al- 
loys in common use could be determined. 


Failures in Welds: 


Up to this time little attention had 
been paid to the physical nature of 
bursts occurring under hydraulic pres- 
sure. In searching for possible causes 
for deviations from the indicated 
straight-line relation, it was observed 
that the nature of the burst was differ- 
ent for short and long-time tests. For 
short-time tests, bursts were of the 
wedge or knife-edge type previously 
described in connection with the bend- 
ing test. As the value of stress de- 
creased, and the time-to-burst increased, 
a point was reached where necking down 
of the lead preceding a wedge-type burst 
no longer occurred, and the sheathing 
failed abruptly with a square-edge frac- 
ture. These two types of failure are 
shown in Fig. 6. 

It was at first assumed that these 
were breaks of the type best described 
as “intercrystalline,”’ and previously 
reported by the I.P.C.E.A. Committee 
(8), Moore (11), and Phillips (12). The 
authors later observed that these bursts 
closely resembled the radial and rounded 
types obtained in the bending tests. 
Etching tests were then made of the 
long-time burst specimens and it was 
found that in every case so-called square- 
edge bursts had occurred in die welds 
or flow lines. 

This was an unexpected development, 
because advancements in the cable 
industry since 1930 had been such that 
“cold welds” and “laminated lead” had 
been practically eliminated. The sam- 
ples for the Brooklyn-Philadelphia proj- 
ect were of 1935 manufacture and con- 
tained welds that were considered as 
sound as the industry could produce at 
that time. The logical conclusion was 
that the previously accepted theory that 
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good welds and flow lines were as strong 
or stronger than the associated lead 
did not apply under conditions of long- 
time stress. This revealed the prob- 
ability that split sheathings that had 
been occurring in service were not 
necessarily confined to what had pre- 
viously been termed defective sheathing. 

Another factor involved in this prob- 
lem was the fact that die welds were 
invariably located in the thinnest section 
of the cable sheathing. In addition, 
the point where the flow lines looped 
most directly from the inside to the out- 
side of the sheath came in close proxim- 
ity to the die welds. This gave rise to 
the condition of the greatest stress 
being applied at the weakest section of 
the sheathing. 

Additional tests were made on sheath- 
ing of A.S.T.M. grade III lead, copper- 
bearing lead (0.06 per cent copper) and 
tin-bearing lead (2 per cent tin). In 
all cases, weld or flow-line failures were 
obtained by sufficiently reducing the 
stress. It was found that tin-bearing 
lead pipe required a longer time-to-burst 
at high stresses and a shorter time-to- 
burst at low stresses, as compared with 
copper-bearing lead. It was also found 
that tin-bearing lead sheathing failed 
in welds at higher stresses than copper- 
bearing lead sheathing, which in turn 
failed in welds at higher stresses than 
grade III lead sheathing. 

A report on these findings entitled 
“Relative Strength of Welds of Ex- 
truded Lead Sheath or Pipe for Short- 
Time and Long-Time Bursting Tests” 
was presented at the November, 1938, 
meeting of the Technical Subcommittee 
of the High-Tension Cable Committee 
of the Association of Edison Illuminating 
Companies. The essential data are 
reproduced here as Figs. 6 and 7, to- 
gether with the following summary and 
conclusions: 
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1. Lead pipe or sheathing which ap- 
parently has “properly joined” welds 
will probably fail in a weld in a long- 
time test at a relatively low stress, if 
the weld is present in the thinnest sec- 
tion. 

2. Long-time tests on lead pipe or 
sheathing with welds not in the thin- 


a criterion of proper joining or bonding 
of welds, but is unsatisfactory as a cri- 
terion of performance of pipe or sheath- 
ing under stress. 

5. Pressure bursts which develop in 
service may occur in welds of cable 
sheathing that are either properly or 
improperly joined. 
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nest sections may produce different re- 


sults from tests with welds in the thin- 
nest sections. 

3. Short-time bursting tests on lead 
pipe or sheathing including welds are 
not indicative of results to be expected 
in long-time bursting tests. 

4. The etching test may be considered 
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Fic. 7.—Showing Relation of Time-to-Burst versus Initial Stress. 
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Cable manufacturers were reluctant 
to accept the theory that properly 
joined welds were not so strong as the 
metal itself. It was pointed out that 
the tests reported were not made on 
samples manufactured with the most 
modern presses, and that the latest 


improvements in extrusion technique 
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might nullify the results. Conse- 
- quently, it was decided to conduct ad- 


ditional tests—made at constant tem- 


perature—on lead pipe extruded with 
current manufacturing facilities. 


Tests at a Constant Temperature of 
110 F.: 


The test results reported on samples 
listed in Table I are typical of those ob- 
tained from samples of pipe supplied by 
various manufacturers. All samples 
were approximately 2.75 in. in diameter 
and in. thick. 

The relation of initial stress and time- 


samples except sample 7 of calcium lead 
sheathing pipe are plotted in Figs. 9 to 
12. In the case of sample 7 the total 
stretch was less than 1 per cent and 
satisfactory stretch data were not ob- 
tained. 

It is not the purpose of this paper to 
draw definite conclusions from the 
limited data now available from these 
tests, but many possibilities present 
themselves as food for thought and 
more intensive research. It is consid- 
ered sufficient for the present to submit 
the available data and point out some of 
these possibilities. 

Samples 1 to 4, of grade ITI lead, were 
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Reference numbers show initial stress in pounds per square inch by Philadelphia Electric Co. formula. Values in 
parentheses are corresponding constant gage pressures in pounds per square inch. Temperature, 110 F. 


to-burst for tests on these samples com- 
pleted to date is shown in Fig. 8. 
Curves showing rate of stretch for all 


TABLE I.—IDENTIFICATION OF TEST SAMPLES. 


turer and 


Kin d of |Manufac- 
Pipe Year 


Sample Kind of Lead 


Special A.S.T.M. 
grade III  non- 
critical region 

Special A.S.T.M 
grade III critical 
region 

Copper bearing 

Copper bearing 

Asarco 

Copper bearing 


1 and 2% | Sheathing | A—1939 


3 and 4% | Sheathing | A—1939 


B—1938 
B—1938 
C—1938 
D—1939 


5 
2 
iy 
* Sections of copies 2 and 4 were sent to H. F. Moore 
of the University of Illinois for cooperative creep tests. 


Sheathing 
Sheathing 
Sheathing 
Slug press 


manufactured at the same time and in 
so far as is known differ only in their 
original position in the extruded pipe. 
Considering these samples as a group, 
when plotted semilogarithmically as in 
Fig. 8 the relation between initial stress 
and time-to-burst is that of a curve 
bending upward to the left, in the direc- 
tion of longer time-to-burst for decreas- 
ing stress. This is in agreement with 
theoretical considerations from which it 
would be assumed that the curve be- 
comes asymptotic to some critical value 
of stress requiring infinite time-to-burst. 
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parentheses are corresponding constant gage pressures in pounds per square inch. Temperature, 110 F. 
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Considering these four samples in- 
dividually, it will be seen that although 
they fall in a very close group, each 
sample follows its own individual curve. 
Thus the curve for sample 1 is separated 
from that of sample 2, although both 
samples are taken from the noncritical 
region of the same pipe. The same is 
true of the curves for samples 3 and 4 
taken from the critical region. It ap- 
pears to be of special significance that 
the curves for samples 1 and 4 are in 
closer agreement than either of the 
pairs. It seems logical to conclude from 
this that the critical region is not a zone 
of weakness for the range of stresses 
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extrusion. It may be argued that the 
differences noted are of no practical 
importance. This may be true, but 
it is of great importance that dissimilar 
samples are not compared when seeking 
a relation between short-time and long- 
time tests. 

Samples 5 and 6 of copper-bearing 
lead sheathing pipe were of the same 
manufacture and in so far as is known 
differed only in their chemical content, 
as indicated in Table II. 

It will be seen from Fig. 8 that the 
points for samples 5 and 6 could be 
plotted semilogarithmically as an iden- 
tical straight line. This seems to in- 


TABLE II.—ANALYSES OF TEST SAMPLES. 
Made by different laboratories as indicated. 


Arsenic, | 
Anti- 
mony, 

Tin, per 


Bismuth, 
per cent 


Silver, 
per cent 


Copper, 


per cent steed 


Iron, 


cent 


| | | 
Calcium, ‘Cadmium, Nickel, 
per cent | percent | Pp per cont 


Zinc, 


per cent cent 


0. 
0. 
0. 
0. 
0. 
0. 
0. 


| 


0.001 | 0.002 


@ Not more than 1 oz. per ton (0.003 per cent). 


Note.—Sample 5 is arbitrarily referred to in this paper as ‘“‘cop 


r-bearing lead”’ although it does not meet the require- 


ments of the Specifications for Impregnated Paper Insulated, Lead Covered Cable, “‘Solid’’ Type, A.E.1.C. Sixth Edition, 
November, 1937, which states: ‘‘If copper bearing lead is specified, the copper content shall not be less than 0.040 per 


cent. 


between 1600 and 400 psi. (approxi- 
mately 200 to 50-lb. gage). 

It is necessary to state the limits for 
this conclusion because all the bursts in 
this group were of the wedge or necked- 
down type not involving welds or flow 
lines. It is still to be determined 
whether weld failures will occur at lower 
stresses, and, if so, whether the critical 
region will be weaker. 

With the influence of the critical re- 
gion thus apparently eliminated, the 
reason for these differences in test re- 
sults for samples so closely related is not 
obvious. This may be due to minor 


dicate that, within limits, copper con- 
tent does not affect time-to-burst. Al- 
though the points for sample 6 plot as 
nearly: to a straight line as it is reason- 
able to expect of test results, the points 
for sample 5 do deviate from this line 
somewhat. If these deviations were 
accepted as reflecting the character of 
the sheathing rather than as irregulari- 
ties of test results, the behavior of the 
sheathing would more nearly approach 
that of grade III lead; that is, the curve 
would tend to bend upward in the direc- 
tion of longer time-to-burst for lower 
stresses. It may be significant that 
the curve for sample 5, which has less 
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copper content than sample 6, behaves 
more nearly like those for grade III 
lead. 

It is inconceivable that the points for 
lower stresses for samples 5 and 6 would 
continue the straight-line relation in- 
dicated in Fig. 8, because that would 
lead to the anomalous situation of ob- 
taining a burst in a rather long time at 
zero stress. It becomes a point of in- 
terest then to learn where the knees in 
the lines for these two kinds of lead 
take place. It is of especial importance 
to determine whether and where the 
intersections take place for the curves 
for grade III lead pipe and copper-bear- 
ing lead pipe of various copper content. 
If these intersections occur at stresses 
above those existing in service, the 
superiority of grade III lead for cable 
sheathing will be established. 

The comparison of grade III and cop- 
per-bearing lead pipe made above applies 
only to fabricated cable sheathing and is 
not a comparison of the two kinds of 
lead. For samples 5 and 6, the speci- 
mens at stresses of 1400 and 1200 psi. 
(188 and 162-lb. gage) had wedge-type 
bursts. The specimen at a stress of 
1000 psi. (134-lb. gage) failed in a weld 
or flow line in an advanced stage of 
necking-down. The remaining speci- 
mens failed in welds or flow lines in 
progressively decreasing stages of neck- 
ing down. It follows that a distinction 
must be made between the metal and 
the fabricated sheathing. It also fol- 
lows that creep data, or the results of 
other tests on sheathing which does 
not include welds, does not permit draw- 
ing satisfactory conclusions concerning 
cable sheathing. 

For sample 8, which was copper-bear- 
ing slug press lead pipe free of welds or 
flow lines, bursts of the wedge type were 
obtained for stresses down to 528 psi. 
(65-lb. gage). At a stress of 409 psi. 


(50-lb. gage) a failure of the intercrystal- 
line type was obtained, but only after 
the specimen had stretched to practically 
the equivalent of a wedge-type failure. 
It remains to be determined whether 
results of these tests on slug press pipe 
are representative of results to be ex- 
pected from sheathing pipe not involving 
weld failures. However, it is of im- 
mediate interest that the points for 
sample 8 plotted in Fig. 8 tend to give 
an upward curve similar to, although 
less steep than, the curves for grade 
III lead. 

There is as yet insufficient data on 
sample 7, of calcium-lead pipe to war- 
rant conclusions other than that the 
slope of the curve is less steep than for 
the other kinds of pipe tested to date. 

In considering data for rate of stretch, 
the limitations are imposed that com- 
parisons of stretch data are confined to 
specimens of a single sample, except for 
the general character of curves of differ- 
ent samples. This follows from the 
previously discussed observation that 
samples that are identical in other re- 
spects may vary in eccentricity, and 
therefore in rate of total stretch. 

It is interesting to note the difference 
in the total stretch of copper-bearing 
lead pipe, with and without the influence 
of weld or flow line failures. Figure 11 
shows increase in diameter plotted 
against elapsed minutes for the two 
samples of copper-bearing lead sheathing 
pipe. Figure 12 gives the same data 
for the sample of copper-bearing lead 
slug press pipe. 

In Fig. 11, when weld failures are 
involved, decreasing values of total 
stretch are shown for decreasing values 
of stress. In Fig. 12, when wedge type 
failures are involved, the values of total 
stretch decrease for stresses from 1600 
to 1200 psi. (195 to 146-lb. gage) and 
thereafter increase for stresses to 528 
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psi. (65-lb. gage). The single failure 
not of the wedge type at 409 psi. (50-Ib. 
gage) showed a decrease in total stretch. 

The significance of these observations 
is that in Fig. 11 the drooping character- 
istic of total stretch in relation to de- 
creasing stress cannot be attributed to 
the kind of lead but must be attributed 
to the failures of welds or flow lines. 
It follows that this type of failure re- 
duced the time-to-burst by the length 
of additional time it would have required 
for a wedge or intercrystalline type of 
failure. 

How much weld failures would reduce 
the life of a cable in service is purely a 
matter of speculation. It is alarming, 
however, to note this downward trend 
of total stretch at stresses approaching 
those obtaining in service. In Fig. 11 
the last completed test at a stress of 
483 psi., on this particular size of pipe, 
was performed at a gage pressure of 
65 lb. Unfortunately there is very little 
data available concerning values of in- 
ternal cable pressures in service, but in a 
chapter contributed to a paper by Moore 
(13), Mr. Herman Halperin of the Com- 
monwealth Edision Co. reports an 
actual peak of 72 lb.; further stating that 
a value of 50 lb. is about the maximum 
to be expected. From these data it 
appears that the test conditions reported 
here do not differ greatly from those in 
the field. 

Data for a limited number of tests 
on sample 8 at temperatures of 50 and 
150 F. are plotted on Fig. 8. These 
show the tremendous influence that 
temperature has on time-to-burst. 

A point of difference between the 
tests heretofore discussed and service 
conditions is that the tests have been 
made at constant pressure whereas field 
pressures follow a loading cycle and 
may be a vacuum for part of the day. 
It is logical to question whether constant 
pressure tests are representative of 
cyclic conditions. 


A single cyclic test has been made on 
sample 4 to investigate this point. The 
method is described earlier in this paper. 
Two cycles per day were used, with a 
maximum pressure of 65 lb. for approx- 
imately 2 hr., followed by approximately 
20-in. vacuum. To simulate the loading 
cycle, the rate of heating was adjusted 
so that pressure was built up in about 
1 hr. at an approximately uniform rate. 
After the 2-hr. period at constant pres- 
sure, heating was discontinued and the 
reservoir permitted to cool, the pres- 
sure decreasing to zero gage in about 
13 hr. and to maximum vacuum in 
approximately 4 hr. 

In computing the time during which 
the specimen was under stress, for 
comparison with an identical sample 
under constant pressure, it would evi- 
dently be improper to consider only the 
periods at maximum pressure. The 
time-to-burst for this cyclic test is 
plotted in Fig. 8, where an attempt has 
been made to show by a point the time- 
to-burst as a summation of the periods 
during which the specimen was at maxi- 
mum stress; and also by a plotted line 
for which any point represents the 
total time for which the stress was 
greater than the value indicated. The 
relation between increase in diameter 
and time at maximum pressure for the 
cyclic test has been included in Fig. 10 
for comparison with the constant-pres- 
sure tests. 

While only one test has been made 
with this method, the result is important 
because it substantiates the results of 
creep tests reported by Gooding (14) 
at the April 1938 meeting of the A.I.E.E. 
In these tests it was found that when 
sufficient time was allowed between 
cycles of internal pressure tests for an- 
nealing of the lead, the total stretch 
was greater than for continuous test of 
the same duration. — 
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CONCLUSIONS 


The authors feel that the results of 
tests at a constant temperature of 110 F. 
have demonstrated the validity of the 
conclusions previously stated.* At this 
stage of the investigation any further 
deductions from test data appear un- 
warranted. It is perhaps more pertinent 
to list some of the questions which it is 
hoped that continuing investigations 
will definitely answer, as follows: 

1. Has improved technique in the 
manufacture of cable sheathing elimi- 
nated the probability of weld or flow- 
line failures in A.S.T.M. grade III lead 
cable sheathing? 

2. Does cable sheathing made of 
grade III lead have a longer life than the 
various alloys in use or advocated, under 
conditions of stress that obtain in 
service? 

3. Does the similarity between 
“radial” or “rounded” bursts in welds or 


3 See pp. 893 and 896. 
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ee os BURSTING TESTS AND TENSION TESTS FOR LEAD CABLE S | 
SHEATHING In 
n 
By H. F. Moorg,! C. W. Doxuins,! W. J. Crate! the 
7 In cooperation with the Philadelphia Electric Co., comparative tests at 
to fracture under long-time steady load were made (1) by subjecting full un 
sections of lead cable sheathing to internal oil pressure, and (2) by testing fre 
ee tension test specimens cut with the axis in a circumferential direction from cu 
pieces of the same sheathing. Four sets of tests were made, and there was 
es e's found a good agreement between the nominal stress developed in the burst- M 
ss Fag tests and the tensile strength developed in the tension tests. There 
was also a quite good agreement between the increase of diameter in the te 
bursting tests and the elongation of the tension test specimens. — , 
Correlation of Bursting Tests and Tension sets up circumferential tensile stresses le 
Tests: in the sheathing and at the same time al 
; longitudinal (axial) tensile stresses half ol 
It has become quite generally recog- : A 
: : as great as the corresponding circum- fr 
nized that, for metals which show an f : , 
erential stresses. Actual long-time tests tl 
appreciable creep under long-continued f 
; ne of sheathing under internal hydrostatic 
steady load, short-time tests give little , . 
pressure are being reported at this an- 
reliable information, either as to the : 
ant nual meeting by Phelps, Gates and se 
Philadelphia Electric Co. tl 
the resistance of the metal to cracking Th : | 
, ese long-time pressure tests are much w 
and ultimate fracture under long-con- . 
: ; more difficult and costly to make than le 
tinued steady load. The problems aris- 
: , . are simple long-time tension tests of 
ing from creep are very important in . . | 
A ; specimens cut from the sheathing, and t 
connection with lead and lead alloys ‘“ 
; ; an attempt to correlate the results of 
used for sheathing for electric cables, . . ‘ 
; the two kinds of tests seems decidedly 
and considerable study of the creep . 
worth while. 
properties of these metals has been made, t 
mainly by means of tension tests of Cooperation with the Philadelphia Elec- ( 
specimens. tric Co.: 
“ 68, ag cable sheathing in service A general investigation of the creep : 
to pres- and fracture of lead and lead alloys used 
sure irom the ou inside. 1s pressure for electric power cable sheathing is in c 
progress in the Talbot Materials Testing I 
1 Research Professor of Engineering Materials; Engineer Laboratory at the University of Tllinois. s 
of Tests, Investigation of Lead Sheathing; and Test Assist - 


ant, — of Lead Sheathing, respectively, Uni- 


versity of Illinois, Urbana, Ill. 2 See p. 885. 
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This investigation is sponsored by the 
Utilities Research Commission of Chi- 
cago and is of direct interest to the 
Commonwealth Edison Co. In con- 
nection with this investigation an ar- 
rangement was made with Mr. Howard 
S. Phelps, Engineer of the Special 
Investigation and Testing Division of 
the Philadelphia Electric Co., whereby 
the results of a series of long-time 
bursting tests of sheathing, carried on at 
Philadelphia, were to become available 
at the Talbot Laboratory, together with 
unstressed pieces of the same sheathing 
from which tension specimens could be 
cut and tested. 


Material and Sheathing Tested: 


The sheathing studied in the bursting 
tests described in the paper by Phelps, 
et al., comprised two lots of each of two 
different metals: (1) a “standard” grade 
III lead, and (2) a “special” grade III 
lead. Chemical analyses of these metals 
are given in the paper referred to. The 
outside diameter of the sheathing ranged 
from 2.83 to 2.88 in. The nominal 
thickness of wall was ¢x in. 

Two test sections were cut from each 
of the pieces of sheathing. One test 
section for each metal was made from 
that part of the length of sheathing 
where the junction of two charges of 
lead was located. This was called the 
“critical” section. The other test sec- 
tion for each metal did not contain any 
“junction” metal, and it was called the 
“non-critical” section. 

The details of the specimens for the 
bursting tests are shown in the Phelps- 
Gates-Kahn paper. The test speci- 
mens were full-section lengths of sheath- 
ing, 12 in. long, plugged at both ends, 
and kept during the test at a temperature 
of 110F. In each bursting test speci- 
men there was a circumferential tensile 
stress across the longitudinal weld in the 
sheath, and an axial tensile stress (half 


‘a 


=. 
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as great as the circumferential) along 
the weld. In each bursting test speci- 
men from a “critical” section there was 
a circumferential charge weld. 


Tension Test Specimens and Test Rack: 


The tension test specimens whose 
strength and ductility were to be com- 
pared with the strength and ductility 
of the bursting test specimens were all 
cut from pieces of sheathing sent from 
the Philadelphia Electric Co. to the 
Talbot Laboratory. Each tension test 
specimen was cut with its axis in a 
circumferential direction, and each speci- 
men reported in this paper contained a 
weld across its reduced section. It was, 
of course, necessary to flatten these 
specimens before making tension tests. 


Fic. 1.—Tension Test Specimen. 
thickness ¢ in. 


Nominal 


The location of the longitudinal weld 
was marked at Philadelphia on each 
piece of sheathing sent to the Talbot 
Laboratory. 

Figure 1 shows the tension test speci- 
men used, and Fig. 2 shows a test rack 
with the specimens enclosed in an 
insulated box fitted with double glass 
windows and heated electrically. The 
specimens were loaded by means of 
dead weights, and the temperature was 
held at 110 F. by means of a Fenwall 
temperature regulator. 


Tensile Strength Under Long-Time Steady 
Load: 


Figure 3 shows the tensile strength | 


developed in the tension tests of speci- 
mens (solid circles) and also in the 
‘bursting tests (open circles). For com- 
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Rack for Tension Tests. 


During the first week of a test the weights which load a specimen are attached by a cord to a trigger which when 
pulled stops a clock. If a specimen breaks, then the weights fall and pull the trigger. After a week, a twice-a-day in- 
spection locates the time of fracture with sufficient accuracy. 
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parison with the tensile strength of 
specimens, the tensile strength for burst- 
ing tests was computed by the thin- 
cylinder formula: 


the tensile stress under a given 
internal pressure P in pounds 
per square inch, 

the inside diameter of the sheath 
in inches, and 

the thickness of the wall of the 


sheath in inches. 


@ = »4 
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Elongation After Fracture for Bursting 
Tests and for Tension Tests: 
Elongation after fracture and reduc- 

tion of area are usually considered as 

measures of “‘static’”’ ductility. The re- 
duction of area cannot readily be meas- 

ured in a bursting test, and to get a 

significant comparison of elongations it 

is necessary to find some base line for 
measuring elongation of tension test 
specimen which will give a significant 
comparison with the increase of diam- 
eter noted in the bursting test. 

The outside diameter of the bursting 
test specimens averaged about 2.84 in., 
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Fic. 4.—Elongation After Fracture for Bursting Tests and Tension Tests; Temperature, 110 F. 


It will be seen from Fig. 3 that the times 
strength diagrams for the bursting tests 
and for the tension tests are very nearly 
the same—so nearly the same that only 
one line is needed to represent both. 
The apparent tendency of the time- 
Strength diagrams for the tension test 
results for specimens of special grade III 
lead to become horizontal as time for 
fracture is increased is noted, and test 
results for bursting tests under several 
thousand hours are awaited with interest. 


and this may be considered the gage 
line along which increase of diameter 
was measured. From Fig. 1 it is seen 
that the distance between shoulders of 
the unstressed tension test specimen is 
2.875 in. Hence, a fair comparison of 
static ductility would seem to be the 
comparison of the percentage increase 
in diameter of the bursting test speci- 
mens with the percentage elongation 
between shoulders of the tension test 
specimens, since the gage lines for 


where 
; 
PPS 
10F. 
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measurement of elongation are very 
nearly the same length. 

Figure 4 shows the results of the 
tests. The agreement between bursting 
test results and tension test results is 
not so good as for the tensile strength 
results shown in Fig. 3, but with the 
exception of tests for over 1000 hr. on 
specimens of standard grade III lead, 
non-critical section, and the 10-hr. tests 
for special grade III lead, critical sec- 
tion, the agreement is fairly close. The 
elongation for special grade III lead, 
non-critical section, shows a tendency to 
fall off for tests which last for more than 
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alloys with time under tensile stress 
seems to be a field well worth further 
investigation. 


CONCLUSIONS 


For the sheaths tested it seems that 
the prediction of tensile strength and 
static ductility under long-continued 
steady load could be judged as reliably 
from tension tests of specimens cut from 
sheathing as from bursting tests of short 
pieces of sheathing. Similar tests on 
sheathing made from other grades of 
lead and of sheathing made from some 
of the harder alloys of lead seem desir- 
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Fic. 5.—Elongation After Fracture for Grade III Lead; Room Temperature. 


Results on tension test specimens cut from an entirely different sheath from that which furnished the specimens for 


the bursting tests and the companion tension tests. 


for these metals should not be drawn 
until test results for failures after several 
thousand hours are available. 

In this connection Fig. 5 may be of 
interest. That figure shows changes of 
elongation with time required for frac- 
ture for tension test specimens of another 
lot of grade ITI lead, tested in the Talbot 
Laboratory some years ago. For this 
lead, whether tested circumferentially 
or axially or across a weld, ductility 
decreases very distinctly as the time for 
fracture increases, and in two of the 
three curves shown the elongation has 
reached very low values for tests ex- 
tending to several thousand hours. De- 
crease of static ductility of lead and lead 


able to determine whether similar agree- 
ment between bursting tests and tension 
tests would be found for these metals. 
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By W. H. Bassett, Jr.,! AND C. J. SNYDER! 


SYNOPSIS 
2 i A method of making long-time burst tests is described as well as the vari- 
5 - ous types of physical tests which have been made on lead cable coverings 

_ in order to correlate the quality of commercial material. 

A new theory is suggested regarding the life of various extruded lead and 
lead alloy cable sheaths subjected to constant or intermittent tensile stress. 
The results indicate that at some low stress, such as 400 psi., all types of 
lead and lead alloys, regardless of their tensile strength as normally ex- 
pressed, will fail in approximately the same period of time. 

By making four bursting tests at different pressures the investigator can 
classify a given sample of lead sheath with respect to the softest lead or the 
hardest age-hardening alloy used by the power cable industry and can esti- 
mate its usefulness with the possible exception of resistance to corrosion 


and fatigue. 


_ When metallurgists started to investi- 
gate the quality of lead-sheathed power 
cables in 1930, they found that split 
welds far overshadowed such other 
troubles as burst sheaths, wear at duct 
mouths, and crystallization of sheaths in 
manholes (1).2, During the initial study, 
the cone expansion, the right angle bend, 
and the sheath stretching tests—origi- 
nated to locate defective seam and 
charge welds—were of decided impor- 
tance in evaluating the product of the 
cable sheath production units. With 
the general advent of better foundry 
practice at the lead presses, the defec- 
tive welds were for all practical purposes 
eliminated and investigators turned their 
attention to the comparative life of lead 
sheaths under sustained loads. 

Data collected from the hydraulic 
testing of lead cable sheaths over a 


1 Manager, Metallurgical Development, and Engineer, 
Metallurgical Laboratory, respectively, Anaconda Wire 
and Cable Co., Hastings-on-Hudson, N. Y 

?The boldface numbers in parentheses refer to the re- 
ports and papers given in the list of references appended 
to this paper, see p. 929. 


period of years has shown that in all 
cases investigated lead and lead alloys 
lose their ductile wedge-shaped type of 
fracture as the pressure is decreased and 
the length of time to burst is increased. 

In our early tests, we found that high- 
pressure, short-time burst tests always 
gave large increases in diameter with a 
sharp reduction in thickness at the frac- 
ture. Next, tests were used in which 
the pressure was gradually increased in 
steps, each pressure step being main- 
tained for 5 or 10 min. In all of these 
accelerated types of tests, the final 
high pressure gave a sharp reduction of 
thickness at the fracture which obscured 
the brittle, blunt, intercrystalline failure 
pointed out by H. S. Phelps in 1936. 

In our later tests, we have confined 
our burst tests to sustained pressures 
ranging from 500 to 2500 psi. hoop stress 
at room temperature on specimens se- 
lected from extruded pipe ranging from 
the softest lead to the hardest age- 
hardening lead alloy used in the power 
cable industry. 
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The samples selected for burst. tests 
were subjected to various laboratory 
tests so as to have a complete case his- 
tory of the samples and in order to make 
a definite comparison of test methods. 


Chemical Analysis: 


In Table I are given the chemical 
analyses of ten representative sample 
pipes. The presence of various metals 
was determined by spectroscopic exami- 
nation and then the exact amount of the 
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TABLE I.—CHEMICAL ANALYSES OF BURST TEST SAMPLES. 


911 


a 


sheaths has not been definitely estab- 
lished and since it has been shown that the 
addition of one impurity may counteract 
the harmful effect of another or even 
improve the finished product, much work 
remains to be done before a complete 
analysis specification for cable sheaths 
can be written. 
Tension Tests: 

In Table II are reported the tensile 
strength and elongation of ten samples 


| | | 
Brinell 
Hard- | Lead, Bis- Copper, | Anti- Tin, | Silver, Tellu- Nickel, | | Cal- | Magne- 
Sample ness percent) MUth, | cent! MOPY> | ner cent per cent) ner cent! Cum, sium, 
Number per cent jper cent per cent |Per cent Per cent 
Oe ee 3.9 | 99.920 | 0.065 0.013 | 0.0015 0 
Sarr 3.9 99.921 | 0.066 0.011 | 0.0015 0 
4.5 | 99.880 | 0.059 0.059 | 0.002 0 0.00107 
7 ere | 99.884 | 0.057 0.057 | 0.002 0 
to Samples Nos. 2180 and 
| 99.826 | 0.100 | | 0.0 0 0.0015 0 
99.925 | 0.000 065 | 0.0003 0 0.005% 0.0044 
eee we wees | 99.778 | 0.126 0.059 | 0.004 0 0.013 0.020 
Si amar acbre dG 99.905 | 0.000 | 0.053 | 0.0007 0 0.0062 | 0.000 | 0.0044 | 0.031 
reer 99.658 | 0.019 0.005 | 0.002 0.26 0.025 0.031 


* Nominal average. 


TABLE II.—DIMENSIONS AND TENSILE PROPERTIES OF BURST TEST SAMPLES. 


Outside Wall Thickness, in. 
Sample Diameter, 

Avg. | Min. 
2.87 0.159 0.155 
1.81 0.095 0.091 
2.96 0.153 0.148 
1.85 0.095 0.092 
2.95 0.146 0.131 
2.75 0.146 0.141 
2.75 0.139 0.132 
2.81 0.137 0.130 
2.35 0.117 0.109 
2.71 0.140 0.135 


‘ Pressure 
Tensile Diameter 
psi.? pe per cent psi. ° 

1905 46.6 42.8 1500 
1823 57.7 25.7 1250 
2220 44.5 30.5 1500 
2136 44.5 27.0 1500 
8.5 1500 
23.3 1500 
2236 41.5 28.0 1500 
2695 38.5 28.3 2250 
4420 19.4 4.1 2500 
5505 8.8 0.9 2500 


Sheath from cable. 
Ring-shaped specimens 0.75 in. wide used for test. 


element was obtained by chemical deter- 
minations. The lead content was taken 
by difference. It is important that the 
composition be accurately known be- 
cause the presence of certain impurities 
and common metals associated with 
lead influence the properties of the metal 
drastically, even when present in quanti- 
ties as low as 0.01 per cent (8). How- 
ever, the effect of many of these impuri- 
ties on the service operation of lead 


compared with the high-pressure, short- 
time burst test. It will be noted that 
when the internal pressure is such that 
the sample fails in approximately eight 
minutes, the percentage increase in 
diameter of the pipe compares favorably 
with the percentage elongation obtained 
in a standard tension test. 

The authors have made numerous 
tension tests on lead sheaths, both by 
using a standardized shape of test speci- 
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men cut circumferentially and _ longi- 
tudinally from the lead tube and on 
carefully prepared rings of the material 
by stretching them over specially shaped 
end pins supported in the grips of a 
standard testing machine. A_ ring- 
shaped specimen is easier to prepare and 
has given very consistent results. It has 
the added advantages of not distorting 
the metal structure except during testing 
and of including in the gage length all 
the structural irregularities such as 
welds. 


specially shaped end pins held by the 
jaws of a portable draw bench. This 
test measures stretching qualities and 
shows up circumferential weaknesses 
such as defective radial welds (10). 


Expansion or Drift Test: 


Some of the ten samples were checked 
with the drift test to show that the pipe 
could be expanded satisfactorily at ter- 
minals or joints. - This test also shows 


up circumferential weaknesses such as 


TABLE III.—DIAMETER CHANGES IN BURST TESTS AND BEND TEST RESULTS. 


defective radial welds (11). 


Short-time Series 


IPCEA Bend Test—2 Ib. Tension 


Long-time Series —Right Angle Bends—Number 


Sample 
Pressure | 
Increase, 


per cent 


Diameter 
Increase, 
per cent 


Pressure 


CH 


153 000 


@ Sheath from cable. 


The tensile strength of the lead has 
been found to be of little direct value 
but the elongation, or percentage stretch, 
is an important index of the ductility or 
plasticity of the cable sheath (9). It 
appears that a material showing less 
than 20 per cent stretch with a testing 
speed of 0.1 in. per min. per in. of gage 
length, at room temperature, may give 
difficulty when installing or removing a 
cable in the usual manner for under- 
ground service. 


Draw-Bench Test: 


It was not considered necessary to 
check the pipe samples with the draw- 
bench test as ring samples were used in 
making tension tests. This test was 
developed for mill or field use wherein 
the ring of lead is stretched over two 


ite 


Bend Test: 


In Table III are reported the average, 
maximum and minimum number of right 
angle bends obtained under 2-lb. tension 
when tested on an Insulated Power 
Cable Engineers Association type bend 
tester. In the bend test, narrow strips 
cut circumferentially from a lead sheath 
or tube are bent back and forth 180 
deg. over a pair of standard radius jaws 
and the number of 90-deg. reverse bends 
to produce failure are counted (1). This 
test was originally intended to bring out 
lamination defects but is now being used 
to indicate nonuniformities in grain 
structure. An attempt has been made 
to evaluate lead sheath quality with the 
total number of bends. The variation 
in results caused by irregular grain size, 
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the presence of normal circumferential 
charge welds, composition, and other 
minor details, make the test misleading 
and especially difficult to correlate with 
cable sheath performance. 


Microstructure: 


Microexaminations were used in a 
critical examination of the specimens 
after failure occurred in the burst tests 


(12). 


Hardness: 


The Brinell hardness values of samples 
have been included in Table I. It will 
be noted that in general the higher the 
lead content the lower the Brinell hard- 
ness value (13). Note the marked ex- 
ception where calcium is present. 

The authors have obtained very satis- 
factory and consistent results on mate- 
rial } in. thick and over, using an Alpha 
Brinell machine fitted with a special 
aluminum weight arm which floats at 
200 Ib. (approximately 90 kg.). Hard- 
ness is an important test as it is an index 
of what may be expected in resistance to 
abrasion and scoring during shipment 
and installation of cables, as well as in 
resistance to cutting by support rings 
when installed overhead. 

9 
Fatigue Tests: 

While fatigue tests have been con- 
ducted on some of the samples referred 
to in Tables I and II, the results are 
not included here since the subject can- 
not be properly treated in so short a 
space. There appear to be different 
types of fatigue phenomena for lead 
which may require several kinds of tests 
to indicate its fatigue resistance for dif- 
ferent types of cable service (3, 14). As 
an example, materials that are resistant 
to vibration or to rapid slight bending 
are not necessarily resistant to slow and 
more severe bending. The intercrystal- 
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line failures obtained by static loading, 
known as stress cracking, such as are 
experienced in creep and burst testing, 
have the same appearance as fatigue 
fractures and are considered by the 
authors in the same category as fatigue, 
although by definition they cannot be 
counted as such. Fatigue resistance is 
an extremely important property for 
many lead-covered power cable instal- 
lations and this subject is receiving more 
attention. 


Creep Tests: 


Loading tests made by suspending 
weights from free-hanging strips of lead 
and by subjecting measured rings or 
tubes to internal hydrostatic pressure 
have shown some interesting results 
but they are still in the development 
stage and their practical importance has 
not yet been determined. Some creep 
data are reported in a later paragraph. 
There are two values to be considered 
in the practical: application of creep 
test data: first, the initial set or de- 
formation each time a stress is applied, 
and second, the rate of deformation 
caused by a sustained stress (2, 15). 


Burst Tests: 


Tests were made of tube specimens of 
various sizes and lengths and sheath 
specimens removed from cables by seal- 
ing the ends and subjecting them to 
constant sustained internal pressures 
until failure occurs. Various pressures 
have been used so that the test time 
varied from a few minutes to several 
years. 

By maintaining the internal pressure 
at a low, constant value, the time t6 
burst was greatly increased and the 
percentage increase in diameter was al- 
tered so that the values simulated those 
obtained in service. It was also noted 
that the character of the fracture 
changed from a ductile necked-down 
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separation to a brittle, blunt, intercrys- 
talline failure. The tests of sheath 
from cable were the exception which 
did not follow this rule. 

This marked change in character of 
the burst samples in the hydraulic tests 
was noted in not only the soft, pure 
lead specimens but also in all of the 

alloys tested, including the strongest 
age-hardening materials, which have 
been used for power-cable sheaths. 


and failure characteristics of different 
types of lead. This test also served for 
detecting structural weaknesses and for 
obtaining practical creep data as well 
as data on resistance to stress cracking 
under sustained loads. Although this 
test is still in the development stage its 
importance will be understood by. a re- 
view of the authors’ results. It shows 
by one set of tests the necessary~ engi- 
neering information except fatigue and 


Fic. 1. a Used for Making Goastios Pressure Burst Tests on Lead Pips 


A comparison of the tests made in 
our own as well as other research labora- 
tories confirms these tendencies. Note 
in Table III the marked difference of 
percentage increase in diameter of speci- 
mens tested at high pressures failing 
in a few minutes compared with the 
fesult obtained at low pressures which 
required several thousand minutes to 
fracture. 

The long-time, low-pressure variety, 
wherein the pressure used was about 
equal to the maximum obtained in serv- 
ice, was found especially desirable as it 
showed useful information regarding life 


corrosion resistance, for distinguishing 
between good and poor lead-sheathing 
materials. 
EXPERIMENTAL DATA FROM BURST 
TESTS 


A pparatus: 


A part of the apparatus used for the 
burst tests is shown in Fig. 1. A motor- 
driven gear pump is connected to a reser- 
voir and by-pass system to supply any 
desired internal pressure in each lead 
sample. The piping diagram is given in 

The exact pressure is shown on 
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Additional Units 


may be Added 


Accumulator 
TY | Flexible Hose Test 
| | 
AF coarse Control hive 
i 


Reservoir 
Fic. 2.—Schematic Diagram of Pressure System 
for Multiple Constant Pressure Burst Tests. 


“Micro -Adjustment 
Control Valve 


Fic. 3.—Lead Tube Specimen 15 in. Long Ready 


to Be Assembled for Burst Test. 


the gages while the accumulators on 
the floor below hold the pressures con- 
stant over long periods of time. The 
design and layout of equipment for 
these tests is inexpensive but care must 
be taken to provide for accurate reading 
and adjustment of the individual pres- 
sures and for maintaining them con- 
stant. 

The ends of short test specimens are 
tightly clamped with compression fit- 
tings similar to those originally suggested 
by Phelps and completely filled with oil 
or water. Long specimens tested at low 
pressures are filled with compressed air. 
The fittings now in use consist of smooth 
machined steel plugs approximately 
0.020 in. less in diameter than the inside 
diameter of the tube. These are wound 
with two or more layers of ordinary 
gummed paper, slipped inside the end of 
the tube and then clamped tightly with 
two malleable iron hose clamps on each 
end as shown in Fig. 3. These fittings 
are easy to apply and remain tight. 


Expansion Curves: 


Many samples of lead and lead alloys _ 
were tested at various pressures and the 
amcunt of stretch recorded agairst total 
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Fic 4—Expansion Curves Obtained from Burst Tests at 1500 psi. Hoop Stress on Different Samples 
of Lead and Lead Alloys. 
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time under stress. The pressures were 
held constant well within + 2 per cent 
for 6 days each week. A test at stress 
of 1500 psi. was found most useful as a 
preliminary test on an unknown sample 
to determine the characteristics of the 
material. Figure 4 shows the results of 
many tests at 1500 psi. stress. Some 
materials such as sample No. 2264, 
lasted only a few minutes whereas others, 
such as sample No. 1228, lasted over 
50,000 min. (approximately one month) 
before failing. In general, the weaker 


oon 


as empty tubes, the amount of stretch 
by this test was found to be materially 
less and a different average line must be 
used. In Fig. 4, curves marked with a 
(c) after the number represent cable 
sheath samples. All these tests and 
others shown in subsequent figures were 
made at normal room temperatures. 
After a sample had been given a pre- 
liminary test at 1500 psi. stress, ad- 
ditional tests at lower or higher stresses, 
as indicated by the result, were made to 
find the characteristics of the sample. 
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Fic. 6.—Expansion Curves Obtained from Burst Tests Plotted for Determination of Creep Rates. 


materials which failed in the shortest 
time stretched more than the stronger 
ones. An average line has been drawn 
through the end points of these curves 
to indicate those materials which have 
better ductility than the usual run of 
their class. As pointed out previously 
ductility is an important property. 

On the other hand, when a curve 
falls far short of the average line it shows 
that the material is stiff, brittle, and 
unsuitable. When testing samples re- 
moved from cables instead of extruded 


Figure 5 shows, as examples, the results 
of six groups of these tests on six differ- 
ent samples. ‘The internal pressure was 
held constant throughout each test. 
The increase in diameter has been 
plotted as ordinate against time as 
abscissa on semi-logarithmic paper. It 
will be noted that the specimens tested 
at the higher pressures stretched the 
most before failing. 

The duplicate tests at 1500 and 1250 
psi. for sample No. 2180 show what was 
obtained ir the way of checks on differ- 
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ent specimens selected at random and 
tested at different times. 


Creep Data: 


When burst test data are plotted on 
rectangular coordinates the tests which 
have a life of at least 30,000 min. can 
usually also be used for obtaining creep 
data. As an example, Fig. 6 shows five 
curves of this type plotted on a 60,000- 
min. scale. Creep rates for these tests 
were determined by extending the 
straight portions of these curves and are 
listed in Table IV. The initial set was 
taken as the difference between the 
origin and point of intersection of the 
index line and extended straight line. 
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as abscissa, a group of curves shown in 
Fig. 7 was obtained. These curves show 
the relative life of a sample at any stress. 

Most of the curves are straight lines 
indicating that the life of a lead tube 
bears a definite relationship to the stress 
imposed, and the life varies as an exponen- 
tial power of the stress. The curves for 
samples Nos. 2264 and 2261, A.S.T.M. 
Grade III lead, show the lowest strength 
and the steepest slope. Between 800 
and 1000 psi., all the curves for this 
grade of lead show a break upward, 
indicating that common lead becomes 
relatively stronger as compared with 
other materials as the stress is reduced. 
The curves for copper lead and chemical 


TABLE IV.—CREEP RATES CALCULATED FROM LOW PRESSURE BURST TESTS 15 IN. LONG TUBE 
SAMPLES, ROOM TEMPERATURE. 


Time Tested, 
hr. 


Initial Set, | Creep Rate, | Total Creep, 


per cent per per cent in 
per cont 1000 hr. 1000 hr. 


moe 


4 
4 
4 
1 
3 


0 

7 

8 
44 
3 
77 
43 


5. 
4. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


The composition and dimensions of 
all the samples referred to in Figs. 5 
and 6 are shown in Tables I to III. All 
stresses were calculated by the formula 
PD = 2 St, where D equals the inside 
diameter and ¢ equals the minimum wall 
thickness and all samples tested were 
known to have a uniform grain structure. 

A complete record of diameter, wall 
thickness variations, weld locations, and 
production data was kept, but since the 
specimens invariably failed in or near the 
thinnest area, these data are not given. 


Life-Stress Curves: 


When the data from these groups of 
burst tests are plotted in still a different 
way with the time for failure as ordinate 
on a logarithmic scale against the stress 


lead are usually straight lines with a 
uniform but flatter slope than common 
lead. 

The curves for the lead alloy mate- 
rials are also usually straight lines but 
have a still flatter slope which means a 
comparatively poorer life at low stresses. 
The curve for sample No. 2445 is drawn 
with a break to the left at the 2000 psi. 
ordinate thus indicating comparatively 
poor life at the lower stresses, and other 
samples of lead alloys have also given a 
similar shape of curve. As the stress is 
lowered, these alloy materials show 4 
comparatively less rapid increase in their 
life as compared with lead, so that, for 
example, at a stress of 1500 psi. calcium 
lead would have an expected life of 6000 
times that of common lead, but at 4 
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stress of 800 psi. calcium lead would 
have an expected life of about 100 times 
that of common lead. 

Two special samples tested at 800 psi. 
stress at the same time under similar 
conditions lasted 66,000 min. for the 
common lead and 164,000 min. for the 
calcium lead, a ratio of only 3 to 1. 
Neither of these samples failed in a weld. 

From the data recorded here it ap- 
pears that at a stress of approximately 
400 psi. nearly all the lead alloy materials 
would have about the same life of ap- 
proximately 2,000,000 min. (approx- 
imately 4yr.). Additional tests at 400, 
500, and 600 psi. on all the samples 
mentioned in Fig. 7 are now running 
but some are incomplete. The authors 
have many more sets of tests which are 
not shown because their proximity to 
each other would make it difficult to 
read an individual curve. The data 
shown were obtained on samples pro- 
duced on one lead press but the tube 


samples or sheath samples extruded by 
five manufacturers and obtained from 
different types of extrusion presses and 
on three different types of die blocks 


have also been tested. The variation 
in apparent life at 400 psi. stress of the 
various samples has been small, testing 
between 1,500,000 and 2,500,000 min., 
but a few especially prepared samples 
were exceptions. 

The theory that nearly all lead and 
lead alloy materials will have about the 
same life when stressed at some rela- 
tively low stress is also indicated by 
data published by Moore and others 
(2 and 3). The authors have taken the 
liberty of redrawing in Fig. 8 some of 
Moore’s curves (3) from his Fig. 25. 

In a paper presented before a meeting 
of a committee of the Association of Edi- 
son Illuminating companies, Phelps (4) 
presented data and curves obtained by 
his constant pressure hydraulic bursting 
tests on lead cable sheath specimens. 
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The authors have taken the liberty of 
redrawing his Fig. 1 in our Fig. 8. This 
figure shows the very close agreement 
between the results obtained by Moore 
and the authors and shows that Phelps’ 
curves are similar but aim for a lower 
common point. 


Type of Fracture: 


Another detail of the burst tests on 
lead pipe is the appearance of the frac- 


Fic. 9.—Appearance of Failed Specimens of 
Lead Tube Samples Tested at 1250 psi. Sam- 
ple numbers indicated on specimens. 


ture when a specimen fails. It was 
found that all the soft lead No. 2264 
specimens tested above 500 psi. necked 
down to a knife-edge when they failed, 
whereas none of the hard alloy speci- 
mens, No. 1228, necked down, but in- 
stead failed with square edged inter- 
crystalline fractures. 

The type of failure on the other sam- 
ples of intermediate hardness varied as 
shown on the curves in Fig. 5, the small 
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(x) at the end of the curves indicating 
an intercrystalline fracture. The duc- 
tile type of fracture obtained on three 
types of lead is shown in Fig. 9 tested 
at 1250 psi. This type of fracture is 


Fic. 10.—Typical Intercrystalline Type of 
Failure Produced by Low-Pressure Long-Time 
Burst Test. Sample No. 2856 tested at 800 psi. 
stress. 
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line failure in sample No. 2856 tested at 
800 psi. stress. Evidence that these 
cracks are intercrystalline and not simple 
weld failures is shown in later figures but 
for the present it is pointed out by 
Table V that the tendency to intercrys- 
talline failure bears a definite relation- 
ship to the hoop stress and ductility of 
the lead. It will also be noted that as 
the Brinell hardness increased a higher 
stress was required to obtain a ductile 
wedge-shaped fracture. 

When a lead is stressed at a sufficiently 
low stress so that little or no plastic flow 
occurs, it usually fails with an inter- 
crystalline break (5). The practical 
value of the above observation remains 
to be discovered since we showed in Figs. 


TABLE V.—TENDENCY TO Oe eee CRACKING SHOWN BY BURST TEST SPECIMENS 
TED AT VARIOUS STRESSES. 


Brinell 
Hard- Stress, 


2500 | 2250 2000 | 
= psi. psi. psi. 


Stress, | Stress, 


| Stress, 
1750 | 150 1250 
psi. 5 psi. i psi. psi. psi. 


Stress, | Stress, | Stress, | Stress, | Stress, 
1000 800 600 500 


Ww 
novo 


x 


x 
x 


| 


— Ductile fracture. 
x Intercrystalline fracture. 


variously referred to as knife-edged or 


wedge-shaped fracture, necked-down 
separation, ductile tear, etc., and is 
characterized by practically 100 per 
cent reduction in area. The intercrys- 
talline failures are characterized by 
practically no reduction in wall thick- 
ness at the edges and the separation, 
which may or may not be connected with 
a weld, follows the grain boundaries. 
It frequently happens, however, that 
one of the welds is located in the thin- 
nest part of the tube wall and because it 
offers the shortest grain boundary path 
across the wall, the failure occurs at the 
weld. Figure 10 shows an intercrystal- 


Fic. 11.—Surface Appearance of 600 psi. 
Specimen, Sample No. 2261, at Point of Failure 
Showing Grain Movement and Intercrystalline 
Cracks (X 4). Oblique lighting. 


Reduced to one-half size in reproduction. 
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Fic. 12.—Structure of Cross-Section of 600 psi. Specimen of Sample No. 2261 After Test, Showing T- 
of Failure and General Intercrystalline Cracking. Ring (X 1.5). Micrographs (x 15). 
Reduced to one-half size in reproduction. 


Fic. 13.—Structure of Sample No. 2261, Common Lead A.S.T.M. Grade III, Before Testing. 
Ring (X 1. 3). Micrographs (X 15). 


Reduced to one-half size in reproduction. 
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7 and 8 that the life of a test specimen 
bore a definite relationship to the test 
stress regardless of the type of failure. 

One practical benefit of this informa- 
tion may be a better understanding of 
the cause of certain service failures of 
lead cable sheaths. We note that Hal- 
perin (7) stated in a recent discussion 
before the American Institute of Elec- 
trical Engineers that after 5-yr. serv- 
ice of a certain 66-kv. cable using 
oil pressure joints, he was experiencing 
lead sheath failures in greater number 
than on other cables which had joints 
with no pressure applied. It is possible 
that the sheath failures on the cable 
using pressure joints were in some way a 
result of stress cracking. 

There have been rare exceptions to 
both of these rules, however, as we have 
pointed out above and by investigating 
the exceptions something of value may 
be found. It seems logical that if in- 
tercrystalline failures could be averted, 
the burst samples should last longer than 
otherwise, although tests have not in- 
dicated such to be true. 


Microstructures: 


A microscopic investigation was made 
of various burst test specimens that had 
failed with intercrystalline fractures. 

The 600 psi. specimen of common lead, 
sample No. 2261, showed indications of 
movement of the grains one upon the 
other without any general breaking up 
or refinement of the original grains. In 
Fig. 11 is shown the outside surface of 
the tube where it failed. The oblique 
lighting shows that the original grains 
have moved by apparent slippage or 
rotation of the grains one upon the 
other, to different elevations without 
any considerable rounding of the edges. 
It can also be seen that there are irregu- 
larities in the die scratch lines on the 
surface, which indicates that the grains 


on 


have rotated in a horizontal plane as 
well as vertically (2). 

The cross-sectional structure of the 
tube after test is shown in Fig. 12. The 
ring in the center is a complete section 
magnified 1.5 times and the side micro- 
graphs show the structure at 15 diame- 
ters of the areas to which they are 
tangently mounted. The bottom micro- 
graph shows that the failure was strictly 
at grain boundaries and each of the 
other micrographs shows one or more 
intercrystalline cracks. There were 
many such cracks in the structure where 
failure could have occurred, indicating 
that the two radial welds in the tube 
were not necessarily a factor in the fail- 
ure. The grain size and appearance 
was approximately the same after test- 
ing as it was before testing, the only 
difference being the formation of many 
small grains at the boundaries of the 
original large grains. Figure 13 shows 
the original structure of this tube. 

Other specimens of common lead 
showed substantially the same structure. 
It therefore appears that the stress was 
insufficient to cause plastic flow of the 
metal but sufficient to cause the grains 
to rotate to a more favorable orientation 
thus setting up stress concentrations at 
certain grain boundaries which caused 
them to fail. 

The 800 psi. specimen of copper lead, 
sample No. 2180, showed more surface 
cracks and more grain deformation than 
the common lead materials. Figure 14 
shows the outside surface of the tube 
which has been lightly etched to show 
that the cracks are intercrystalline. 
The cross-sectional structure of the tube 
after test appears in Fig. 15. 
micrographs show very prominent grain 
boundaries with many small cracks 
throughout the section. 
grain size was not changed by the test 
but the shape of the grains was changed 
from an irregular mass to a more or less 
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Fic. 14.—Surface Appearance of 800 psi. 
Specimen, Sample No. 2180, After Test, Showing 
General Intercrystalline Cracking Around 
Square-Edged Failure (X 4). Surface lightly 
etched. 


Reduced to one-half size in reproduction. 


diamond pattern. There also appears 
to be a change in orientation of the grains 
as is shown by the change from the 
white and black shades to a more uni- 
form dark gray shade when etched. 
Figure 16 shows the original structure 
of the sample. Figure 17 shows the 
structure at a magnification of 100 di- 
ameters to illustrate clearly the type of 
small intercrystalline cracks many of 
which were found throughout the sec- 
tion. The irregular curly grain boun- 


daries after test are also a point of 
interest. 

Most of the alloy lead specimens 
showed much more extensive intercrys- 


Fic. 15.—Structure of Cross-Section of 800 psi. Specimen of Sample No. 2180 After Test, Showing 


the Type of Failure and General Intercrystalline Cracking. 


Ring (X 1). Micrographs (X 15) 


Reduced to one-half size in reproduction. 
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Fic. 16.—Structure of Sample No. 2180, Copper Lead Containing 0.06 per cent Copper and 0.06 
per cent Bismuth, Before Testing. Ring (X 1). Micrographs (X 15). 


Reduced to one-half size’in reproduction. 


Ftc. 17.—Small Intercrystalline Crack in 
Structure of Sample No. 2180 After Test men of Sample No. 2856 After Test, Showing 
(X 100). Cracking and Distortion of the Die Scratches. 
Reduced to one-half size in reproduction. 
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Fic. 19.—Surface Appearance of 800 psi. Fic. 20.—Surface Condition Adja- 
Specimen of Sample No. 2856 After Test cent to Failure of 1500 psi. Specimen 
Showing Intercrystalline Nature of Cracks. of Sample No. 1228 After Test, Show- 
Surface lightly etched to show structure. ing Intercrystalline Cracking and Dis- 

tortion of Die Scratches. 
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Fic. 21.—Structure of Cross-Section of 1500 psi. Specimen of Sample No. 1228 After Test, Showing 
___- Intererystalline Cracks Around Failure. Ring (X 1). Micrographs (X 15). 


Reduced to one-half size in reproduction. 
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Fic. 22.—Intercrystalline Cracks in 4 Fic. 23.—Structure of Radial Weld : 
Structure of 1500 psi. Specimen of Sam- Area at Bottom of Section Shown in 
ple No. 1228 After Test (X 100). Fig. 21 (X 100). ¢ 


Reduced to one-half size in reproduction. Reduced to one-half size in reproduction. 
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Fic, 24.—Structure of Sample No. 1228, an 0.03 per cent Calcium Lead, Before Testing. _ 
Ring (X 1.3). Micrographs (X 20). xy 


Reduced to one-half size in reproduction. 
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talline cracking than the copper-bearing 
or common lead samples, especially in 
areas which had been bent or dented 
such as sometimes occurred when 250 
ft. long tubes, 3 in. in diameter, were 
tested. This more extensive cracking 
was attributed to stress corrosion crack- 
ing. Many lead alloys are subject to 
precipitation hardening and it is assumed 
that electrolytic corrosion occurs as 
described by Dix (6). 

The surface of the 800-psi. specimen 
of sample No. 2856, after being on 
test for 174,200 min., was cracked as 
shown in Figs. 18 and 19. The irregu- 
lar die scratches in Fig. 18 show the 
effects of grain rotation in addition to 
the cracking, whereas the lightly etched 
surface shown in Fig. 19 clearly illus- 
trates the intercrystalline nature of the 
cracks. This specimen, which consisted 
of 270 ft. of pipe, was more or less 
cracked as shown in Fig. 18 over the 
entire length. 

The surface of the 1500 psi. specimen 
of sample No. 1228 at the failure also 
showed irregular die scratches, raised 
grains and a network of intercrystalline 
cracks surrounding the failure, as illus- 
trated in Fig. 20. The cross-sectional 
structure is shown in Fig. 21. Many 
large cracks in the vicinity of the failure 
appear in the bottom micrograph. The 
general grain appearance and size after 
test was the same as before test when 
examined at 15 to 20 diameters but 
examination at 100 diameters showed 
that the grain boundaries after test had 
an irregular or fringed appearance. 
The many small intercrystalline cracks 
are shown magnified 100 diameters in 
Fig. 22. Unfortunately the strong 
Superoxyl etch made the small cracks 
appear round like holes. Figure 23 
shows the structure of the bottom 
radial weld in this specimen thus elimi- 
nating any doubt that these square-edged 
failures necessarily occur at welds. 
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Figure 24 shows the original structure 
of the tube. 


CONCLUSIONS 


The authors have commented briefly 
on the various methods used for testing 
lead cable sheathing and have shown the 
relatively great amount of information 
obtained from a series of four burst tests 
on each sample made at a succession of 
different pressures. Burst tests indi- 
cate strength, ductility, creep character- 
istics, structural weaknesses, and tend- 
ency stress or _ stress-corrosion 
cracking. 

It was pointed out that the burst life 
of a lead tube or cable sheath varies as an 
exponential power of the hoop stress. 

A new theory has been advanced that 
the life of all the common lead alloy 
cable sheath materials will be approx- 
imately the same when they are stressed 
at a low stress of the order of 400 psi. 

It has been shown that when lead 
materials fail under a long sustained 
tensile stress that is insufficient to cause 
appreciable plastic flow, the type of fail- 
ure will be intercrystalline resembling 
fatigue. Because the grain boundaries 
are weaker than the lead grains and 
because the radial welds offer the short- 
est possible grain boundary path across 
the lead wall, it frequently happens that 
these failures occur at a weld and may 
be erroneously attributed to inherent 
defects. 

The authors have found the burst test 
especially useful in development work 
as it gives in one test all the necessary 
engineering information except fatigue 
and corrosion resistance to evaluate lead 
sheath materials. 
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Mr. Herman Hatpertn.—Each of 
these three papers adds substantially to 
our knowledge of the properties of lead 
and lead alloys, a field of knowledge 
which was practically neglected until 
about twelve years ago. 

With respect to the internal pressures 
imposed on the sheaths of electric power 
cables in service, there are three distinct 
classes. First, in oil-filled cable the 
internal pressure is nearly constant at 
relatively low values of generally 10 to 
15 psi. Second, in extra-high-voltage 
cable of the solid type with reservoirs 
containing thin oil connected to the 
joints, the internal pressures go through 
daily cycles. As the cable heats with 
increasing load, the pressure rises to 
about 30 psi. normally or on a few 
rare occasions to as high as 60 or 80 psi. 
(about 600 or 800 psi. hoop stress). 
The sheath is expanded slightly and 
when the load decreases vacuum of 10 
or 20 in. of mercury develops. On 
single-conductor, 66-kv. cable of this 
kind in Chicago the commercially pure 
lead sheaths have expanded at an 
average rate of over 0.2 per cent per 
year, without decrease in rate in 14 
yr. of service. Third, for solid-type 
cable operated at about 24 kv. and less, 
the joints are usually filled with a semi- 
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hard compound. The sheath is then 
pushed out during only the first few 
loading periods and not much pressure is 
developed subsequently except during 
extra-heavy loading. 

Most of the troubles in service have 
been with the sheaths in the second 
class, but some sheaths in the first and 
third classes have broken open, too— 
even some on 4000-v. cable. 

Both Mr. Bassett and Mr. Phelps 
show straight lines on graphs of the log 
of time to burst plotted against stress 
with some bends in the lines. As yet, 
the test results at 500 psi. and less are 
meager but what data we have seen from 
Moore’s laboratory and other labora- 
tories have suggested that there are 
further bends in the lines that indicate 
longer lives at the lower stresses than 
are predicted in these papers. Fur- 
thermore, the vacuum inside the cable 
during a large part of the service time 
tends to lengthen the sheath life. 

Mr. Bassett concludes that all of the 
common lead alloys have about the 
same life at low stress. Data we have 
studied indicate that calcium-type lead 
alloys have some advantages both in 
life to fracture and in rate of creep, 
even at the lower stresses. On solid- 
type cables the stronger sheath material 
will cause greater pressures to develop 
and so the calcium-lead must be superior 
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at somewhat higher stresses than the 
commercially pure lead sheath. The 
calcium-lead appears to be superior also 
in life to cracking due to bending in 
manholes. 

The data on elongation with time in 
these bursting tests are, of course, 
similar to the elongation data for strip 
specimens, both showing three stages of 
creep. Much of the discussion of these 
data on elongation is concerned with 
the total distention to burst. It seems 
to me that the useful life of the sheath 
in service is ended during the second stage 
of creep before these curves turn sharply 
upward as they do in Figs. 9 to 12 of 
Mr. Phelps’ paper, for example. To- 
ward the end of this stage many slightly 
irregular sheaths would burst and the 
high rate of trouble would justify re- 
placement of all of the cable at one time. 
Also, when the sheath expands by 
about 2 to 5 per cent, serious deterioration 
and perhaps breakdown of the insulation 
electrically is apt to occur. Data on 
behavior of the sheaths up to the be- 
ginning of the third or final stage of 
creep seem more significant than data 
on the elongation to fracture. 

It should be noted that most of the 
sheath openings that have developed in 
service have been due to nonmetallic 
impurities or high eccentricity in cir- 
cumferential thickness. In the past few 
years the manufacturers have so im- 
proved their product that these de- 
ficiencies have become almost entirely 
absent. 

Both Mr. Bassett and Mr. Phelps 
find that the bursting test if conducted 
at relatively low stresses for long periods 
of time gives a reliable indication of the 
quality of the sheath. If the test is 
hastened by applying high stresses, the 
indications are not so reliable because 
nonmetallic inclusions tend to harden 
the metal and thereby to strengthen it 
in short-time tension tests. The bend- 
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ing test applied to circumferential strip 
specimens gives definite information on 
the quality of the sheath in a very short 
time, according to our experience with 
about 250 sheath openings that occurred 
in cable in service. 

In a paper by Greenwood and Werner 
presented in 1939 before the British? 
Institute of Metals, copper was shown 
to increase the rate of creep of lead at 
constant stress if the content was less 
than 0.05 per cent. The maximum rate 
of creep was shown to be at about 0.03 
per cent of copper. We found that data 
from Moore’s tests were in close agree- 
ment with this statement. It would be 
of interest if others who are making 
creep tests such as those reported here 
would check this point too because some 
people have had the idea that 0.03 to 
0.04 per cent copper is just as good as 
0.06 per cent. 

We were interested in Mr. Bassett’s 
unamplified statement that the results 
of tests on sheath from cable did not 
conform to the rule that the character 
of the fracture changed from a ductile 
necked-down separation to a brittle, 
blunt, intercrystalline failure as the 
stress was reduced. If there is an ap- 
preciable difference in characteristics be- 
tween extruded pipe and sheath removed 
from cable, it would seem that any 
“rules” to be applied to cable should be 
based primarily on tests of the latter. 

Mr. Bassett also suggests that some 
of the sheath openings occurring in 
service in 66-kv. cables in Chicago may 
be connected with intercrystalline stress 
cracking. This does not appear to be 
the case—at least in the majority of the 
troubles. In recent years at least half 
of the openings in these cables have been 
of the ductile, necked-down type and 
the percentage of necked-down openings 


2J. Neill Greenwood and H. K. Worner, “Types of 
Creep Curve Obtained with Lead and Its Dilute Alloys,” 
Journal, Inst. Metals, Vol. LXIV, No. 1, pp. 135-167 (1939). 
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has increased with increasing time in 
service. Of the remaining openings, 
part were due to laminations at defec- 
tive charge welds which could not be 
connected with intercrystalline stress 
cracking. In the past 4 yr. only 
about 25 per cent of the total openings on 
these cables have been blunt fractures 
at seam welds and in most of these cases 
the welds were obviously of poor quality. 

The agreement between the data ob- 
tained in burst tests by Phelps and in 
tests on strips by Moore is of consider- 
able interest. 

Mr. LYALL ZicKRicK*® (presented in 
written form).—The curves that Phelps 
has shown are very interesting, and 
show another a‘ tempt to predict or gain 
some clue about expected service life 
from comparatively short-time tests. 
Unfortunately, the authors struggling 
with the difficulty of trying to accomplish 
two things at once: first, a test for qual- 
ity and properties of material; and sec- 
ond, an analysis or interpretation of 
the structural characteristics introduced 
in cable sheath during manufacture. 
Confusion arises when these structural 
characteristics interfere with what would 
normally be the physical properties of 
the metal. For example, the test re- 
sults given in Figs. 11 and 12 and dis- 
cussed on pages 901-902 cover copper- 
bearing lead samples of three different 
compositions evidently from _ three 
sources, and at least two different proc- 
esses of manufacture, with unknown 
extrusion temperatures, probably hot 
for the ordinary die block press and cold 
for the slug press. Yet a conclusion is 
drawn that the decrease in total stretch 
with decrease in stress is attributed to 
failure of welds or flow lines. 

The authors make several references to 
the term “cold die welds.” I seriously 
doubt whether cable manufacturers to- 


General Electric Co., Schenectady, 
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day encounter any trouble with die 
welds. Personally, in all the testing I 
have done in the past 10 yr. I have en- 
countered only one case where the 
trouble could rightly be attributed to a 
“cold weld” and that on a small-sized 
cable of about 1-in. diameter. What are 
termed flow lines resulting from the area 
where the two charges join have given 
varying degrees of trouble, and the 
structures of these are so different that 
I feel they should not be so closely asso- 
ciated with die welds. If a sheath has 
die welds at all, they are present 
throughout the entire cable length while 
flow line structures are not. 

Regarding the term ‘‘flow line struc- 
tures,” such structures are frequently 
referred to in the paper as laminations. 
It is unfortunate that there is not in 
existence a better agreement on defini- 
tions. The Insulated Power Cable En- 
gineers Assn. gives the following: 


Flow Lines.—Certain lines, mostly cir- 
cumferential, visible to the naked eye, ap- 
pear on the prepared surface of a section of 
extruded lead sheath when etched in a 
suitable etching fluid. These lines in nor- 
mal sheaths result from the flow of the lead 
through the press and die block and are 
grouped together under the general term 
“Flow Lines.” 

Laminations.—Laminated lead in the true 
sense is lead that is formed in_ layers 
without proper bond between same. These 
layers may occur in the form of approxi- 
mately concentric arcs. Layers so formed 
can be readily separated and are usually 
easily determined by visual inspection. 

The term “laminated lead” has fre- 
quently been misapplied in classifying that 
which in reality represents flow lines. The 
presence of such regions has no significance 
with regard to the strength of the bond 
between adjacent layers or to the occur- 
rence or nonoccurrence of seams or fissures 
between the layers. 


In the section headed ‘Failures in 
Welds” the reader is somewhat misled. 
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If he reads carefully, he learns that the 
failures were always in the thinnest part 
of the wall thickness of the sheath where 
they would normally occur if no welds 
were present; also that distinction is not 
always clear as to whether the failures 
occurred in the die weld or flow line 
structure adjacent to the die weld, and 
whether or not they showed evidence of 
being intercrystalline. 

The difference in type of break ex- 
perienced between short-time and long- 
time tests is not new and is frequently 
encountered. The matter of grain 
structure alone may have an important 
bearing on whether ultimate failure 
occurs at the weld as a matter of weak- 
ness or aS a matter of coincidence. We 
find in our long time tests on strip 
samples tested at room temperature that 
the change-over to the intercrystalline 
type of fracture becomes noticeably de- 
tectable in the neighborhood of 600-psi. 
stress. This intercrystalline type of 
fracture becomes much more pronounced 
as lower stresses are applied for longer 
periods of time. The intercrystalline 
cracks are not always detected at the 
higher stress, for as the cracking reduces 
the cross-section, the unit load becomes 
greater, and the specimen soon reaches 
a point where failure occurs as a regular 
necked-down break. A microscopic ex- 
amination of the area adjacent to the 
failure will often show the presence of 
small intercrystalline cracks, especially 
if the stress has been applied for a period 
of time. 

Because of these and other factors, I 
wonder whether it is not going to be ex- 
ceedingly difficult to extrapolate to cable 
lifeexpectancy from comparatively short- 
time laboratory test data. The mecha- 
nism of intercrystalline cracking in lead 
is based on such difficult metallurgical 
theory that it is often overlooked. 
Further complicate this picture with the 
facts that: (a) lead will recrystallize at 


room temperature, (b) different grain 
size gives different physical properties, 
and (c) areas which have been slightly 
cold worked become subject to grain 
growth; and the problem fast loses its 
simplicity. Definite conclusions drawn 
from a study of only one phase of the 
subject may later prove to have been 
too hastily formed. 

However, it is such work as this that 
brings sheath problems to the fore- 
ground and forms the groundwork that 
leads to the production of a better lead 
sheath. 

Messrs. Howarp S. PHELPS,’ ALBERT 
M. Gates,’ and FRANK Kaun‘ (A uthors’ 
closure by letter) —The authors are in 
hearty accord with much of Mr. 
Zickrick’s discussion, particularly those 
sections which stress the complexity of 
testing lead or lead cable sheathing. In 
any problem involving so many known 
and unknown variables, the researcher 
must determine if control of individual 
variables will produce resultsconsistent 
with that control in spite of other vari- 
ables that are present. The results 
referred to by Mr. Zickrick in Figs. 11 
and 12 show such an attempt. Results 
of other tests not reported in this paper 
substantiate the conclusions drawn from 
the data presented, that weld or flow 
line failures reduce the total stretch of 
lead sheathing samples under internal 
pressure bursting tests. 

Mr. Zickrick’s discussion indicates 
that the authors did not sufficiently 
stress the fact that ‘‘cold die welds” and 
“laminations” were not involved in the 
test results reported. On the contrary, 
one of the primary objects of the paper 
was to point out that the types of failure 
previously associated only with ‘‘cold 
die welds” and ‘‘laminated lead” do in 
fact obtain in sheathing represented by 


4 Engineer, Special Tester, and Senior Technical Assist- 
ant, respectively, Special Investigation and Testing Divi- 
sion, Philadelphia Electric Co., Philadelphia, Pa. 
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the various manufacturers to be as 
sound as the industry produces. 

The authors concur with Mr. Zickrick 
in considering it unfortunate that there 
is not in existence a better agreement on 
definitions of ‘‘flow lines”? and “‘lamina- 
tions.” The sense of these terms as used 
in the paper is given in the section en- 
titled ‘‘Description of Welds.”” The def- 
initions given by the Insulated Power 
Cable Engineers Association are of little 
help in the understanding that “flow 
lines” do not result from the flow of 
homogeneous lead from a single charge 
through the press and die block, or 
that inclusions of oxides between charges 
of lead may appear in the flow lines as 
“laminations.” 

The discussion of the section headed 
“Failures in Welds” calls for some am- 
plification. It is true that the paper 
does not distinguish between die weld 
and flow line failures. The reason for 
this was that in most cases the flow lines 


were so close to the die weld that it 
was very difficult to make the distinc- 


tion. Examination of microstructure 
by the authors and substantiated by 
manufacturers disclosed that both die 
weld and flow line failures do occur. 
This is the important point from the 
viewpoint of cable users, but of course 
the manufacturers must determine what 
can be done about it. 

Similarly, it is not so important to 
cable users whether die weld or flow 
line failures are intercrystalline or fail 
by some other process unknown to the 
authors. The important point is that 
these failures reduce the time-to-burst 
for cable sheathing below that which 
would obtain if wedge or intercrystalline 
failures were allowed to develop nor- 
mally. The authors do not claim that 
intercrystalline failures are new, but 
they do not know of any other published 
report that points out the susceptibility 
to die weld and flow line failures of 
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cable sheathing generally accepted as 
being sound. 

Although an extensive discussion of 
the subject of creep is beyond the scope 
of this paper, it may be well to express a 
word of caution with respect to Mr. 
Halperin’s interpretation of some of the 
data given. Unfortunately the method 
of presenting rate of stretch data shown 
in Figs. 9 to 12 is not convenient for 
analyzing changes in rate of stretch. 
It is the nature of the ratio paper used 
that any constant rate of stretch will 
plot as a curve that can be said to “turn 
sharply upward.” When the data of 
Figs. 9 to 12 are plotted on rectilinear 
cross-section paper, the curves show 
surprising differences. Although all tie 
curves for grade III lead and those for 
copper-bearing lead at the higher stresses 
definitely indicate the three stages of 
creep assumed by Mr. Halperin, those 
for copper-bearing lead at the lower 
stresses do not conclusively show the 
initial relatively high rate of stretch ex- 
pected. In these cases, the curves seem 
to indicate an increasing rate of stretch 
throughout the test. Furthermore, 
when die weld or flow line failures are 
involved, they sometimes occur before 
what might be considered the final stage 
of creep. In view of these observations, 
it appears to be impracticable to draw 
general conclusions from data on creep 
up to the beginning of the third or final 
stage, as suggested by Mr. Halperin. 

Mr. J. R. TowNsEND® (presented in 
written form).—It is always desirable to 
simplify a test to the point where a small 
controlled specimen will be used under 
conditions that can be accurately con- 
trolled. When this end can be achieved 
it is possible to test a great number of 
specimens with the least expenditure of 
time, space, and money. Under such 


5 Materials Standards’Engineer, Bell Telephone Lab- 


oratories, Inc., New York, N. Y. 
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a method of test it is possible to collect 
much more data on the significant 
properties of the material than by any 
other. 

Engineers find it necessary, however, 
to make tests which simulate in kind 
and in degree the service conditions to 
which the product in question will be 
subjected. Such tests are usually very 
convincing to the user of the finished 
product. This type of test is always 
expensive if substantial amounts of data 
are collected and the tester may be 
sufficiently deceived by appearances to 
gloss over many uncontrolled variables. 
Such a simulated service test is convinc- 
ing if it correlates with service, but when 
it does not the situation is disastrous 
indeed. It is very necessary, therefore, 
that simple scientific tests which test one 
controlled variable at a time, be devel- 
oped. The use of a service type of test is 
astep in the evolution of a controlled 
scientific test. The paper by Messrs. 
Moore, Dollins and Craig, therefore, 
is a valuable contribution to the testing 
art since it shows conclusively correla- 
tions between the simulated service 
test and the laboratory controlled speci- 
men and provides a convincing chain of 
evidence, thus emphasizing the truth 
of the foregoing. 

Messrs. A. E. Wuirte® and C. L. 
CLaRK’ (presented in written form).— 
Engineers concerned with the use of 
metals at elevated temperatures have 
often raised the question as to whether 
or not results obtained from tension- 
creep or rupture tests could be applied 
with a suitable degree of accuracy to 
tubularmembers. The results of Moore’s 
paper shed light on this question and 
definitely indicate that such is the case, 
at least for the particular deformation 


6 Director of Department of Engineering Research, 
and Professor of Metallurgical Engineering, University of 
ichigan, Ann Arbor, Mich. 
7 Research Engineer, Department of Engineering Re- 
search, University of Michigan, Ann Arbor, Mich. 


rates considered and with the metal 
in a distinctly plastic condition. 

The question of deformation rate and 
the relative degree of plasticity is raised 
as it is believed that both may be a 
factor. It should be pointed out, how- 
ever, that the majority of tube failures 
occur during overheating, and under 
such conditions the deformation rates 
would be comparable to those considered 
by the authors and likewise the steel 
would be in a plastic condition. 

The fairly good correlation between 
the degree of elongation up to fracture 
in both types of test is of interest as it 
provides an indication at least of the 
degree to which a tube will bulge before 
actual rupture occurs. The decreased 
ductility with increasing fracture time 
on certain of the lead specimens con- 
sidered is also typical of certain steels, 
especially at 900 and 1000 F. 

Mr. H. F. Moore® (Author’s closure). 
—The sole purpose of the paper pre- 
sented from the University of Illinois 
was to see whether any correlation was 
possible between the results of carefully 
made long-time bursting tests of speci- 
mens of sheathing and the results of 
tension test specimens cut from the same 
pieces of sheathing. The results ob- 
tained so far are few, but for these 
pieces of sheathing tested the correlation 
seems good. It is to be hoped that other 
people will make other correlating tests, 
or at least will send us pieces cut from 
the sheath as the specimens subjected 
to bursting tests. In the latter case it 
is important to state the temperature of 
testing. 

Messrs. W. H. JR.,® AND 
C. J. Snyper? (Authors’ closure by 
letter)——The importance of data ob- 
tained from burst tests run at values 
bel:w 600 psi. hoop stress was em- 


8 Research Professor of Engineering Materials, Univer- 
sity of Illinois, Urbana, III. 
- 9Manager, "Metallurgical Development, and Engineer, 
Metallurgical Laboratory, Wire 
and Cable Co., Hastings-on-Hudson, 
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phasized by Mr. Halperin. We are 
continuing all of the tests shown in 
Fig. 7 at lower values of hoop stress and 
hope to be able to report these results 
at a later date. The time required for 
such tests is, however, so great that our 
present paper can only be a progress 
report and indicate the trend of the 
results. It was interesting, however, to 
note that the values for samples Nos. 
2180 and 2264 of 400,000 and 300,000 
min., respectively, were obtained after 
the original lines in Fig. 7 had been 
drawn. These additional points fell 
on the preliminary extension of the lines 
showing that so far there has been no 
further change in the slope of the lines. 
Mr. Halperin has very kindly reported 
operating data regarding power cables 
which show the relation between the 
laboratory tests and field experience. 
In this connection it would appear that 
some 66 kv. cables have . expanded 
approximately 2.8 per cent in diameter 
in a period of 14 yr. Laboratory burst 
tests at 600 psi. indicate that cable 
sheath expands approximately 9 per cent 
before failure occurs. Our investiga- 
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tions have definitely shown that there 
is a marked difference in the rate of 
expansion of specimens removed from 
cables and samples prepared from plain 
extruded pipe which has not received 
the extra working due to stretching 
over a core. These differences in sheath 
and pipe specimens are indicated in 
Figs. 4, 5, and 6. We wish to call 
especial attention to Fig. 6 where a 
direct comparison can be made between 
samples Nos. 2180 and 2747. 

It was very pleasing to note in Fig. 8 
the agreement of the work conducted by 
Mr. Phelps and Mr. Moore and the 
results obtained in our own laboratory. 
This would seem to indicate that the 
test data can be duplicated by observers 
working in different localities under 
varying conditions. 

The low stress portion of the curves is 
undoubtedly the most interesting. Inthis 
region it appears that we are measuring 
the cohesion between the crystals rather 
than plastic flow. This would appear 
to be especially true in the alloys which 
show a limited amount of creep and 
burst with very little plastic deformation. 
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CREEP OF ALUMINUM SUBJECTED TO BENDING AT NORMAL 
TEMPERATURES 


- This investigati~n deals with an experimental study of an aluminum alloy 
subjected to ; ure bending accompanied by creep. Creep deflections were 
measured for various values of constant bending moments. To interpret 
these results, tension creep tests were also made for various stress values. 
With the experimental constants obtained from the tension creep tests, a 
creep rate - stress relation was established for tension. Using this relation 
as a basis, a theoretical differential equation was determined for creep de- 
flections in beams. In this way it was possible to make a comparison be- 
tween the experimental and theoretical values and thus interpret the tests 


on creep deflections in bending. 
= 
PREVIOUS INVESTIGATIONS ON CREEP IN 
BENDING 


Investigations on creep of metals in 
bending are few. MacCullough (1)* 
tested lead beams subjected to pure 
bending. By measuring strains at vari- 
ous distances from the neutral axis, 
experimental proof was obtained that in 
creep of lead in bending a transverse 
section originally plane remains plane 
during bending. A creep relation in 
tension was established and this relation 
was assumed to apply for the fibers of 
the beam specimens in bending. By 
this means the bending stresses were 
evaluated from the measured creep 
strains in the beams. A _ theoretical 
bending moment was calculated using 
these stresses and their distances from 


1 Associate Professor of Civil Engineering, Armour In- 
stitute of Technology, Chicago, Ill. Formerly at Rutgers 
University, New Brunswick, N. J. 

? Graduate Assistant in Civil Engineering, Armour Insti- 
tute of Technology, Chicago, Ill. 

* The boldface numbers in parentheses refer to the re- 
ports and papers appearing in the list of references ap- 
pended to this paper, see p. 946. 


the neutral axis. A comparison could 
then be made with the actual moments 
applied. For the two specimens tested 
by MacCullough the calculated values 
of the moments were 2.8 and 6.3 per 
cent less than the actual values. 

Tapsell and Johnson (2) also investi- 
gated creep in lead beams subjected to 
pure bending. The creep strains at 
different distances from the neutral axis 
were also measured to show that a plane 
section before bending remained plane 
during bending. Tension creep tests 
were made and a log-log relation was 
selected between the stress and the creep 
rate. With this tension creep rate - 
stress relation the values of the moments 
were computed and a comparison was 
made with the actual moments. Two 
specimens in bending were tested and 
the differences between the computed 
and actual moments were 4 and 18 per 
cent. 


Davis (3) made tests on steel beam — 


rm in bending at temperatures of 
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TABLE I.—TYPICAL MECHANICAL PROPERTIES OF 
ALUMINUM ALLOY 3s-}H. 

Tensile strength, psi.. 

Yield strength (offset = 


21 000 


= 0.2 per cent), 


Elongation in 2 in., per cent 

Brinell hardness 

Shearing strength, psi.. 

Shearing yield strength (offset 
per cent), psi.. 

Endurance limit, psi. 


(a) Bending Specimen 


Fic. 1.—Specimens. 


ane 


1500 and 1650 F. Tests on cantilever 
aluminum beams of constant strength 
were reported by Sturm, Dumont and 
Howell (4). 

A preliminary investigation on creep 
of pure lead specimens in pure bending 
was made by the authors on specimens 
supplied by the American Smelting 
and Refining Co. through A. J. Philips. 


Four specimens 0.5 by 33 in. in cross- 
section were tested in pure bending 
accompanied by creep with moments of 
16, 675, 1181, and 1613 in-lb. Creep 
deflections were measured for an 8&-in. 
length of the beams by Ames dials, 
During the time of this investigation, 
however, tension creep test data of lead 
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Specimen 


— 
7 Fic. 3.—Creep Apparatus for Pure Bending. 


Fic. 2.—Creep Apparatus for Pure Bending. 


showed that the creep characteristics 
were irregular. In view of these results 
the interpretation of the bending tests 
could not be made and further investi- 
gations on bending in creep of lead were 
therefore abandoned. This is an im- 
portant consideration in estimating the 
significance of the creep tests in bending 
of lead by MacCullough and Tapsell. 
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Tests OF ALUMINUM SUBJECTED TO 
PuRE BENDING 


Material and Test Specimen: 


The aluminum alloy tested in the 
present investigation was a common 
un-heat-treated alloy cold worked to its 
particular hardness and is designated as 
38-3H. The mechanical properties of 
this material, as supplied by R. L. 
Templin, of the Aluminum Company of 
America, are given in Table I. 

The chemical composition of this 
alloy is 1.2 per cent manganese with the 


on 
The creep apparatus for bending is 
shown in Fig. 2. In Fig. 3 this ap- 


paratus is represented diagrammatically, 
showing how a load P produces a pure 


Test Apparatus: 


bending couple equal to = for all 


2 
sections of the beam. The specimens 
were clamped in holders KL and GH 
(Fig. 2) by means of steel drift pins and 
steel blocks bearing on the top surface of 
the specimens by means of two bolts. 
This permitted the specimen to be 


a ¥ Fic. 4.—Apparatus for Measurement of Creep Deflections. 


balance being made up of aluminum 
and normal impurities. 

The specimen for the bending tests is 
shown in Fig. 1. It was machined from 
four bars each 2 by 3 in. by 10 ft. The 
bending specimen was 24 in. in length 
with a reduced section of 11 in. in the 
center having a depth of 1 in. and width 
of } in. To determine the variation in 
the material three static tension control 
tests were made on specimens machined 
from each bar. For these tests the yield 
Strength based on 0.2 per cent offset 
varied from 22,100 psi. to 23,300 psi, 


securely attached to the holders KL and 
GH. The holders in turn are supported 
on a knife edge at A and a cylindrical 
support at B. The base of the support 
at B was curved to permit movement in 
the direction perpendicular to the plane 
of the specimen. At the ends of the 
holders KL and GH, load hangers GE 
and LF were attached. The loading bar 
EF was supported on these hangers and a 
load P placed at C in the center of the 
loading bar produces a pure bending 
moment in the specimen. Before testing 
a specimen, the holders and hangers are 
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carefully balanced on their supports by 
means of adjustable counterweights as 
shown in Fig. 2. This made it neces- 
sary to consider only the weight of the 
bar EF and load at C in computing the 
moment produced. The center creep 
deflections over a gage length of 8 in. 
were measured by a Federal dial gage 
reading to 0.0001 in. This dial was 
mounted on a rigid bar midway between 
two knife edges (Fig. 4). Three Ames 
dials reading to 0.001 in. were also 
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the temperature variation did not exceed 
about 3 deg. F. 


Test Procedure: 


Before testing, the cross-sectional 
dimensions of the specimens were meas- 
ured at ten sections along the 8-in. gage 
length. An average value of these 
dimensions was used for the calculations 
since the variation was negligible. The 
loading hangers and holders were then 
balanced in place by moving the counter- 
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Fic. 5.—Deflection-Time Curves in Bending. 


mounted on vertical supports to give 
readings of deflection on the lower 
surface of the specimen, one dial being 
placed at the center and one at each end 
of the 8-in. gage length. These dial 
readings furnished a check on the 
symmetry of loading and a rough check 
on the deflection values recorded by the 
top dial. Several test precautions were 
made such as placing the apparatus on 
rubber pads, thus preventing effects of 
vibration. The tests were, furthermore, 
made in an underground vault in which 


100 
Time, hr. 


150 
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weights. The specimen was __ then 
mounted in the holders and the initial 
readings noted on the deflection gage 
and the three Ames dials. The load 
to be applied was determined by select- 
ing load values to cover stress values up 
to the yield point load. The loading 
bar and load at C were then applied, the 
time of application of load and initial 
deflection being noted. Readings of 
creep deflections were then recorded 
about every 4 min. for the first few 
minutes. The time interval betwee! 
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deflection readings was gradually in- 
creased until after 24 hr. it was only 
necessary to take readings about twice a 
day. The three Ames dials were read at 
intervals of time to check the symmetry 


TABLE II.—CREEP RATE IN BENDING AT 150 HR. 


_Creep Rate, 
Specimen io, | in. per in. Td 


hr. X 1 
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INTERPRETATION OF TEST 


In order to interpret the above test 
results it is desirable to relate the creep 
rate in bending with that in simple 


TABLE III.—TENSION CREEP TEST DATA. 


| _Creep Rate, 
in. per in per 


Specimen | Stress, psi. 


= 


Fic. 6.—Creep Apparatus for Tension. 


of loading. At no time was there a 
greater difference than 3 division be- 
tween the end dials. 


Test Results: 


The test results are shown in Fig. 5 
for each bending specimen, giving the 
telation between the creep deflections 
and time. The tests covered periods of 
time up to 400 hr. From Fig. 5 the 
deflection creep rates for each specimen 


at 150 hr. were determined and tabulated 
in Table IT. 


tension. A theory for creep deflections 
in bending is developed below based on 
tension creep test results. With this 
theoretical relation between bending mo- 
ment and deflection creep rate estab- 
lished, a comparison can thus be made 
with the above experimental deflection 
creep rates. It was first necessary 
therefore, to obtain tension creep data. 


Tension Creep Tests: 


The tension specimen used is shown 
in Fig. 1. The apparatus for testing is 
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shown in Fig. 6. Five specimens were 
tested simultaneously at different unit 
stress values. The specimens were 
clamped at each end into slotted holders 
by two Allen set screws. The top 
holder is attached to the supporting 
frame by means of an attachment having 
two bolts at right angles to each other, 
thus eliminating eccentricity of loading. 
The lower clamp is fixed in a similar 
manner to free hanging weights. A 
gage length of 9 in. was used for meas- 
uring the creep deformations. These 
deformations were measured as shown 
in Fig. 6 by measuring the movement 
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Fic. 8.—Log-Log Relation Between Creep 
Rate and Stress. 


between the lower end of a rod, attached 
to the top gage point, and a brass scale 
attached to the lower gage point. The 
amount of creep elongation was observed 
by the micrometer microscope shown. 
In testing a specimen it was first 
placed in the upper holder with the 
Strain gage in place. An initial creep 
strain reading was then recorded with the 
micrometer microscope. A_ predeter- 
mined load was then applied by means 
of the load hanger and creep readings 
observed at intervals of 4 min. The 
time intervals were gradually increased 
unti! readings were recorded only daily. 


| 


In Fig. 7 data are plotted for five 
tension specimens showing the relation 
between the unit creep strain and time. 
The unit stress values and corresponding 
creep rates at 150 hr. are listed in 
Table III. 


Creep-Rate Stress Relation for Tension: 


Various procedures and methods of 
interpretation have been proposed for 
expressing stress-creep relations in ten- 
sion (5). The application of these 
methods of interpretation to the above 
tension data showed that the log-log 
method was the most satisfactory. This 
consists in assuming a linear relation 
between the log of the creep rate and the 


Fic. 9.—Beam Subjected to Pure Bending. 


log of the stress. In Fig. 8 a log-log 
relation is shown between the creep 
rate and the stress. It is apparent 
from this plot that for these data a linear 
relation is a good approximation. The 
equation defining this relation between 
the creep rate C and stress oa is: 


where A and m are experimental con- 
stants. For the material tested A = 
6.51 X 10°" and m = 1.18. 

With a creep-stress relation in simple 
tension established it is now possible to 
develop a theory for the deflections in 
the case of bending accompanied by 


creep. 
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Theory for Creep Deflections in Bending: 


To formulate a theory for deflections 
in the case of bending with creep, 
consider the section of a beam subjected 
to pure bending moments M as shown in 
Fig. 9. The cross-section of the beam 
will be considered to have one axis of 
symmetry which lies in the plane of 
loading. It will be assumed that a plane 
section such as CD remains plane during 
creep and deforms relative to the plane 
AB such that its new position is C’D’. 
Experimental support was obtained for 
this assumption bynoting that a varia- 
tion in the position of the deflection 
gage along the length of the deflected 
beam produced differences in deflection 
which could not be measured with a 
0.0001-in. dial. This affords an over-all 
check on the assumption of plane 
section. The unit creep deformations 
are then proportional to the distances 
from the neutral axis and at distances 
h, and y, their values are, respectively: 


where p; is the radius of curvature due 
to creep. An examination of the creep- 
time curves for tension in Fig. 7 shows 
that after about 100 hr. the creep-rate 
becomes approximately constant. As- 
suming a constant creep rate, the creep 
rates for the fibers at distances y; and 
hy are: 


where # is time in hours. If the creep 
rate - stress relation developed above for 
tension applies to the individual fibers 
in bending, then: 


C=Ao" and C,= Aoi ..(c) 


Solving for the creep strain from Eqs. (0) 
and (c): 


MARIN AND 


Equating the values for the creep str: sin 
from Eqs. (a) and (d): 


This gives a relation for the bending 
stress at a distance y, from the neutral 
axis in terms of the curvature. For 
equilibrium, however, the external and 
resisting moments are equal or: 


M = [ movda 


In order to integrate Eq. (f) the position 
of the neutral axis must be defined. 
This is stated by noting that the sum- 
mation of stresses over a cross-section 
beam must be zero or: 


he 
be oida = 0 


Equations (f) and (g) completely define 
the curvature p, due to creep for a 
moment M atatime?. Fora rectangular 
cross-section with width b and depth 4, 
Eq. (g) shows that the neutral axis and 
centroidal axis coincide, if it is assumed 
that the creep in tension and compression 
are equal. Then from Eq. (f): 


It is to be noted that the value of D in 
Eq. (h) is for a rectangular section. 
Equation 2 expresses the creep curvature 
in terms of the moment. The relation 
between the curvature and deflection 
is for small deflections: 
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where y is the creep deflection at a 
distance x from the origin. Substituting 
the value of p; from Eq. (2) in Eq. 2 
gives the differential equation for the 
creep deflection in terms of the moment: 
namely, 


Equation 3 is similar to the elastic case of 
1 and = EI, 


Eq. 3 reduces to the elastic case of 
bending. The quantity D is inde- 
pendent of M, so for a time ¢ Eq. 3 


bending. When = 


(b) 


Fic. 10.—Deflection of a Beam Subjected to 
Bending. 


is a differential equation with constant 
coefficients. The solution of this rela- 
tion for various type beams is a matter 
of direct integration as in the elastic 
case. Problems, however, involving 
values of moments with more than one 
term are best solved by methods of 
superposition. 

For the case of pure bending used in 
the experiments, the deflection ym, 
(Fig. 10), in terms of the curvature is: 


In terms of the moment the deflection is 
from Eqs. (i) and (j): 


The value of the theoretical center 
deflection y,, for a gage length Z and 
moment M is completely defined by 
Eq. 4. Dividing both sides of Eq. 4 by # 

< 

The theoretical creep rate C,, is defined 
by Eq. 5 in terms of D, a function of the 
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Fic. 11.—Comparison of Theoretical and 
Experimental Deflection Creep Rates. 


material and dimensions, the gage length 
L, the moment M and the experimental 
constant m. It is now possible to 
compare the theoretical and _ experi- 
mental values of these creep rates. 


Comparison of Experimental and Theo- 
retical Deflection Creep-Rates in Bending: 


For the beams tested there was not 
sufficient variation in the cross-sectional 


dimensions to justify using separate 
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were 6 = 0.5002 in., kh = 1.0012 in. 
_ Substituting these values and L = 

8 in., A = 651 XK 10°", nm = 1.18 in 
Eq. 5 the theoretical relation between 
the deflection creep rate and moment is: 


Cy = 1.84 X (6) 


- Equation 6 is shown in Fig. 11 by the 
To compare the theoretical 
creep rates with the experimental values 
there is included in Fig. 11 the experi- 
mental values as given in Table II. 


TABLE IV.—COMPARISON OF THEORETICAL AND 
EXPERIMENTAL DEFLECTION CREEP RATES. 


Creep Rates at 
150 hr., in. per inch Percent- 
per hr. X 106 e 
Differ- 
ence 


Specimen 


Experi- | Theo- 
mental | retical 


42 

9 
11 
39 


It should be noted that the comparison 
is made of creep rates for an elapsed 
_time of 150 hr. The percentage differ- 
ence between the theoretical and experi- 
mental values of the creep rates as 
determined from Fig. 11 are listed in 
Table IV. 

The large percentage differences be- 
tween the creep rates for specimen 
3S-D5 is to be expected in view of the 
small values of measured creep obtained 
due to the low bending stress which was 
produced in this test. For specimen 
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3S-A3, the discrepancy between the 
test values and theory may be due to the 
fact that the stress produced in the 
specimen was close to the yield point 
of the material. For the remaining 
specimens there is a fair agreement 
between test results and theory. 

In evaluating these results the pre- 
liminary nature of this investigation 
must be considered. The dotted curve 
in Fig. 11 represents a semiempirical 
theory based on determining the con- 
stants D and n in Eq. 5 by passing the 
curve through the test points represent- 
ing the lowest and highest bending 
moment values. 


CONCLUSION 


Creep deflections in bending for the 
aluminum alloy tested were measured on 
four specimens at various stress values. 
A reasonably good agreement was found 
between these values and those obtained 
theoretically based on a theory de- 
veloped using tension creep test data 
as a basis. 
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a 

Mr. J. M. Lessevts.'—The inter- 
esting thing about the paper to my mind 
is that it brings out another method of 
obtaining creep data. Most of our 
knowledge on creep has come from tests 
in tension, and if we had to begin all 
over again, we probably would not start 
with tension for creep studies but might 
go to the torsion test or the bend test. 
It is to be hoped that the authors will 
continue this work because it may lead 
to increased knowledge of the subject. 
It may be advisable for the authors to 


1Associate Professor of Mechanical Engineering, 
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nology, Cambridge, Mass. 


on 


examine the equations used to see 
whether these apply, since there may be 
some error in applying the usual equa- 
tions for bending for high-temperature 
conditions. 

Mr. JOSEPH MARIN.?—Regarding Mr. 
Lessells’ comment on the application of 
“the usual equations for bending,” there 
is apparently a misunderstanding on this 
matter since an entirely new theory was 
developed in this paper. This theory is 
not based on Hooke’s law as is the case 
in the usual theory. 

2 Associate Professor of Civil Engineering, Armour 


Institute of Technology, Chicago, Ill. Formerly at 
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ROUGH THE MICROSCOPE 


sponsible for differences in the properties and appearance of the oxide coatings 


on anodically treated aluminum alloys. 


This paper describes the various 


metallographic methods which have been developed for the investigation of 
anodic oxide coatings and illustrates the results obtained by the use of these 


methods, 


The eye can readily appraise the 
decorative characteristics of an oxide 
coating on aluminum but only the micro- 
scope can show the detail which de- 
termines its appearance. Although 
aluminum oxide is a transparent, color- 
less material, anodic oxide coatings on 
commercial aluminum or its alloys may 
show color and even a _ pattern-like 
structure which are interesting in a 
scientific way, and which are of real 
commerical importance. The use of 
both old and new techniques with the 
microscope has been invaluable in re- 
lating composition and structure to the 
appearance and other properties of these 
coatings. 

In this country, the most important 
and widely used method for producing 
these coatings is known as the Alumilite 
process.” The commercial importance 
which these coatings have acquired has 
stimulated interest in all phases of their 
production, testing, and utilization. In 
brief, when aluminum is made the anode 
in a suitable electrolyte, an oxide coating 


1 Metallurgical Division, Aluminum Research Labora- 
festa, Aluminum Company of America, New Kensington, 
a. 
2 Protected by patents owned by the Aluminum Com- 
pany of America. 


is formed on the surface. This oxide 
film is essentially AlsO; (1).% It may 
also contain small amounts of substances 
absorbed from the electrolyte as well 
as oxidation products of the micro- 
constituents or the constituents them- 
selves. The usual methods for ex- 
amining metals, however, have not been 
altogether adequate for the investigation 
of oxide coatings; therefore, new methods 
have been developed for this purpose. 
These methods have been described by 
Keller and Wilcox (2). 
Methods of Examination: 
The metallographic methods now 


available for the examination of oxide 
coatings are: 

1. Examination of polished cross-sec- 
tions by vertical illumination, dark 
field illumination, and by polarized light. 

2. Examination of surface sections 
of the uncoated metal which are given 
a metallographic polish and then coated 
by an anodic oxidation treatment. 

3. Examination of thin sections of 
the oxide coating itself by means of 
either ordinary or polarized light. 

3 The boldface numbers in parentheses refer to the 


reports and papers appearing in the list of references 
appended to this paper, see p. 958. 
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Ordinarily, polished cross-sections of 
oxide coated samples are examined under 
the microscope to determine the thick- 
ness, uniformity, and continuity of the 
oxide coating and the features of the 
alloy which might influence the oxida- 
tion characteristics. 


Methods of Preparing Specimens: 


The method for preparing samples 
for this type of examination has been 
described in detail (3); a summary of the 
method is as follows: 


Fic. 1.—Cross-Section of 2S Aluminum Sheet 
Which Had Been Oxidized in a Sulfuric Acid 
Electrolyte for 30 min. The dark band at the 
top is the oxide coating on one surface of the 
sheet (X 500). 


Reflected light, vertical illumination, unetched. 


A composite specimen is made by 
taking two or more pieces of the coated 
sheet, each about 1 by # in., and forming 
a pack with spacers of thin aluminum 
sheet between each coated sample. 
The pack is usually drilled and is 
clamped together with two machine 
screws. Crevices between the pieces 
should be avoided but care should be 
exercised in clamping them together as 
too much préssure will fracture the oxide 
coating. The spacers are used to pre- 
vent rounding off the edges of the coat- 
ing during polishing. Molded mountings 
of Lucite, bakelite or other plastic 
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materials are satisfactory, provided that 
the oxide-coated surface is backed up 
with an aluminum strip. In such 
mountings, the edges of the oxide coat- 
ing will round off or polish away unless 
an aluminum back-up strip is used. 

The composite or mounted sample of 
oxide-coated aluminum may be polished 
by the same technique employed for 
bare aluminum (4). This method con- 
sists of the following operations: 

(a) First a plane surface is obtained 
by rubbing the specimen on a medium 


Fic. 2.—Oxide Coating on a Sample of 
17S-T Sheet Which Had Been Oxidized in a 
Chromic Acid Electrolyte for 30 min. (X 500). 


Reflected light, vertical illumination, unetched. 


mill file and on Nos. 0, 00, and 000 
metallographic papers in the order 
stated. These papers should be coated 
with kerosine or a mixture of kerosine 
and paraffin. 

(6) Then, the specimen should be 
polished on a rotating disk operating 
at about 300 r.p.m. using a Kitten’s 
Ear broadcloth pad and a suspension of 
No. 600 alundum flour in water. 

(c) Finally, the specimen should be 
polished on a rotating disk covered with 
Kitten’s Ear broadcloth operating at 
about 150 r.p.m. Heavy magnesium 
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oxide powder is used on the pad which 
is kept moist with distilled water. 
When the polishing is finished, the 
specimen should be washed in warm 
water and blown dry. The polished 
surface should not be touched or rubbed 
against anything; otherwise the polish 
will be spoiled. Etching treatments are 
seldom used on oxide-coated specimens 
because they tend to pit and dissolve the 
coating. Owing to differences between 
the optical properties of the oxide and 
aluminum, it is easy to differentiate 


Fic. 3.—Oxide Coating on 2S Sheet as It Ap- 
pears when Examined Under Reflected Polarized 
Light with Crossed Polarizers. Compare with 

Unetched 


between the coating and the metal 
without any etching treatment. Where 
it is necessary to examine the micro- 
structure of the coated alloy in addition 
to the coating, the sample should be 
examined in the unetched condition for 
the characteristics of the oxide coating 
and again after subsequent etching to 
observe the microstructure of the alum- 
inum alloy. 

For the examination, the standard 
metallurgical microscope may be em- 
ployed. The coating thickness can be 
determined very accurately by using a 
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calibrated filar micrometer or an ordi- 
nary micrometer eyepiece or by measure- 
ments of the magnified image of the 
coating on the ground glass or a screen. 

Examples of how an ordinary cross- 
section of oxide-coated sheet looks under 
the microscope are shown in Figs. 1 
and 2. The first micrograph shows the 
appearance in cross-section of the oxide 
coating on commercial 2S sheet which 
had received a certain Alumilite treat- 
ment in sulfuric acid electrolyte for 30 
min. The oxide coating on. this sample 


Fic. 4.—Change in Appearance of th 
Coating Illustrated in Fig. 3 by a Sealing Treat- 
ment in a Solution Containing Potassium 
Dichromate (X 500). 


Reflected polarized light with crossed polarizers. 
Unetched. 


is about 0.0004 in. in thickness. The 
second illustration shows the oxide 
coating on a sample of 17S-T alloy 
sheet which was treated in accordance 
with Navy Department Process Specifi- 
cation SR-19c. This treatment in- 
volves oxidation for 30 min. in an elec- 
trolyte containing from 5 to 10 per cent 
of chromic acid. 

Previous work with polarized light 
has shown that oxide coatings formed in 
different electrolytes have different opti- 
cal properties (5). Thus, the use of 
polarized light may aid in the identifica- 
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tion of the oxide coating. The oxide 
coating on the aluminum sheet illus- 
trated in Fig. 1 appears somewhat 
different when examined by polarized 
light with crossed polarizers. This is 
shown by Fig. 3. The change in ap- 
pearance which results when this coating 
is sealed in a solution containing potas- 
sium dichromate is shown by Fig. 4. 
Under the microscope, the sealed coating 
appears bright yellow with polarized 
light, whereas the coating on the un- 
sealed sample has a light brown color. 


ordinarily very smooth; consequently, 
the characteristics of the coating and of 
the alloy at the interface can be observed 
by examination of the surface of the 
sample. Either vertical or dark field 
illumination can be used. The struc- 
ture obtained with this method of 
preparation is illustrated in Fig. 5. 

Once the anodic oxidation of a sample 
has been started, oxide continues to form 
between the metal and the previously 
formed oxide; thus, the oxide coating 
already formed is being pushed away 


Fic. 5.—An Aluminum-Magnesium-Zinc Alloy Which Was Given a Metallographic Polish and 


Then Was Anodically Coated in a Sulfuric Acid Electrolyte. 


The structure shown is that 


of the oxidized surface as it appeared with dark field illumination (X 15). 


Polished and Oxidized Metallographic 
Samples: 


The effect of variations in micro- 
structure upon the appearance of the 
oxide coating can be determined by the 
examination of the surface of polished 
and anodically oxidized samples. Speci- 
mens for this type of examination are 
polished in the same manner as for ordi- 
nary examination. Before examination, 
however, they should be given the de- 
sired oxidation treatment. The anodic 
coating formed on such a sample is 


from the metal-oxide interface con- 
tinuously during the oxidation process. 
Under these conditions, oxidation prod- 
ucts from the constituents and some 
of the constituents themselves may be 
occluded in the oxide coating. It has 
been shown by previous work (2) that 
the amount and distribution of these 
oxidation products and constituents in 
the oxide coating have an important 
influence upon the color, appearance, 
hardness, and porosity of the oxide 
coating. A non-uniform distribution 
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of the constituents and their oxidation 
products in the oxide coating causes the 
streaking sometimes encountered on 


material, the duration of the oxidation 
treatment, and the conditions of oxida- 


tion. 


~ 
. 


(a) Before oxidation. Dark field illumination, etched in 4% per cent hydrofluoric acid. 
fel 


(b) Oxidized for 10 min. in sulfuric acid electrolyte. Dark 
ark field illumination, unetched. 


(c) Sample oxidized for an additional 20 min. 


Id illumination, unetched. 


(d) Oxide coating removed by a solution which did not attack the aluminum. Dark field illumination, unetched. 


Fic. 6.—Constituent Arrangement on the Polished Surface of a 99.75 per cent Aluminum 
Sheet (X 100). 


Reduced to 3 size in reproduction. 


anodically coated aluminum alloys. The 
amount and distribution of the products 
which remain in the oxide coating are 
related to the microstructure of the 


It is to be expected that there would 
be more particles of constituent and 
more oxidation products occluded in 4 
thick oxide coating than in a thin coat- 
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ing. This accumulation of constituents 
and oxidation products in the oxide 
coating is illustrated by Fig. 6. The 
constituent arrangement on the polished 
surface of a sample of 99.75 per cent 
aluminum sheet before oxidation is shown 
by Fig. 6 (a). After this sample was 
oxidized for 10 min. in a sulfuric acid 
electrolyte, the structure of the same sur- 
face area appears to contain more con- 
stituents asshown by Fig.6(6). Afurther 
accumulation of products in the oxide 


Fic. 7.—A Thin Section of the Oxide Coating 
on a Sample of 99.95 per cent Aluminum Sheet 
as It Appeared when Examined by Light Trans- 
mitted Through the Coating. Oxide is very 
transparent (X 100). 


Reduced to 3 size in reproduction. 


coating occurs when the same specimen 
is oxidized for an additional 20 min. 
(Fig. 6 (c)). More evidence that the 
features which influence the appearance 
of the oxide coating are in the coating 
and not at the interface is obtained 
when the oxide coating is removed by 
immersion in a solution which does not 
attack thealuminum. Sucha treatment 
removes the products responsible for 
the difference in appearance and trans- 
parency between the coatings shown in 
Fig. 6 (6) and (c). The appearance of 
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the stripped sample is shown in Fig. 
6 (d). 

It is apparent from these illustrations 
that examinations of anodically coated 
metallographic specimens reveal the 
microstructural features responsible for 
streaks and variations in the surface 
appearance of oxidized aluminum sam- 
ples. These features cannot be observed 
by removing the oxide coating from a 
streaked or discolored area and examin- 
ing the microstructure of the metal. 


Fic. 8.—A Thin Section of the Oxide Coating 
ona Sample of 99.2 per cent Aluminum Sheet 
(X 100). 


Reduced to 3 size in reproduction. 


The oxide coating contains oxidation products of con- 
stituents and particles of constituents. It is not nearly 
as transparent as the coating on high purity aluminum. 
Transmitted light. et 

¥ 
Examination of Thin Sections: 7 


Another method of examining oxide __ 


coatings comprises the preparation of 
thin sections of the oxide coating itself. 
Specimens of this type are prepared by 
mounting the sample in Lucite in such a 
manner that the aluminum can be re- 
moved from the back of the oxide 
coating by grinding on metallographic 
emery papers until a suitable area of the 
coating is exposed. Then the exposed 
area is polished with No. 600 alundum 
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and magnesium oxide until a smooth 
surface is obtained. Finally, the oppo- 
site face of the Lucite mounting is 
polished on a plane parallel to that of 
the oxide. Such thin sections can be 
examined by transmitted light the same 
as petrographic sections of rocks and 
minerals. Examination of these thin 
sections has revealed that the coating 
on an oxidized aluminum alloy has a 
characteristic structure. This structure 
is related to the microstructure of the 
metal from which the oxide coating is 
formed. By this method of examina- 


Fic. 9.—Oxidation Charac- 
teristics of Silicon Constituent 
(< 500). Vertical illumina- 


(xX 500). 
tion, unetched. 


tion, much useful information has been 
obtained regarding the color, streaking 
and transparency of oxide coatings. 
The oxide coating on high purity 
aluminum (99.95 per cent) is very trans- 
parent and shows practically no struc- 
ture as illustrated by the thin section 
shown in Fig. 7. For comparison, the 
structure of a thin section of an alloy 
which’ contains several different constit- 
uents (99.2 per cent aluminum) is 
shown in Fig. 8. In this illustration, 
the structure of the oxide coating is 
shown clearly. This structure is derived 
from the microstructure of the metal 
from which the oxide was formed. 


Fic. 10.—Oxidation Charac- 
teristics of FeAl; Constituent 
Vertical 
tion, unetched. 
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Effect of Alloying Elements: me’ 


The Alumilite process is used for the 
commercial treatment of aluminum al- 
loys as well as pure aluminum. When 
other elements are present in aluminum 
as impurities or are added to obtain 
certain characteristics, they may be in 
several different forms. These elements 
may be in solid solution, they may form 
intermetallic compounds which can be 
put into solid solution by suitable 
thermal treatments, or they may form 
intermetallic compounds which are in- 


Fic. 11.—Oxidation Charac- 
teristics of CuAl, Constituent 
(X 500). Vertical illumina- 
tion, unetched. 


illumina- 


soluble in solid aluminum. These com- * 
pounds as microconstituents form the 
structure which is revealed under the 
microscope. The character of this struc- 
ture is influenced by the composition of 
the alloy, the solidification conditions, 
the working conditions, and by the 
thermal treatments the alloy receives. 

Fundamental investigations have 
shown that the different constituents 
have different oxidation characteris- 
tics (6). A few are not dissolved or 
oxidized during the Alumilite treatment; 
consequently, they remain in the oxide 
coating and affect the color and appear- 
ance. An example is the silicon con- 
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stituent shown in Fig. 9. Some other 
constituents are dissolved or oxidized 
either at the same rate or more rapidly 
than the aluminum matrix; an example 
(FeAls) is shown in Fig. 10. Colored 


(a) In the annealed temper. 
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rate than the aluminum matrix. On 
alloys containing these constituents out 
of solution in substantial amounts, thin 
and rough coatings result. The oxida- 
tion characteristics of this type of 


(6) Oxidized in a sulfuric acid electrolyte. 


Fic. 12.—A Surface Section of an Aluminum-Magnesium-Silicide Alloy (53 S-O). Vertical 
: illumination (X 100). 


~ - 


(a) In the heat-treated temper. 


a 


(b) Oxidized in a sulfuric acid electrolyte. 


Fic. 13.—The Surface of a Sample of an Aluminum-Magnesium-Silicide Alloy (53S-T). 
Vertical illumination (x 100). 


products from some of these constit- 
uents may remain in the coatings and 
cause streaking and discoloration. A 
third type of constituent is either oxi- 
dized or dissolved completely during the 
oxidation process and at a more rapid 


constituent are illustrated by CuAle as 
shown in Fig. 11. 

Some alloying additions cause a color- 
ing of the oxide coating when they are 
uniformly dispersed in solid solution. 
Copper is an example; it gives the oxide 
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_ The sulfuric acid electrolyte attacked the CuAlz network preferentially and produced an oxide coating of varying 
thickness because of solid solution coring within the grains. Vertical illumination. Keller’s etch. 


Fic. 15.—The Smooth Uniform Oxide Coating on the Same Alloy as in Fig. 14 when the Sample Was 
Given a Solution Heat Treatment Prior to the Anodic Treatment (X 500). 


— heat treatment dissolved the CuAl: and eliminated the coring. Reflected light. Vertical illumination. Keller’s 


etc 


956 KELLER ON ANopic CoATINGS SEEN THROUGH THE MICROSCOPE 
=) cert 
P 4 “we 
‘Fac. 14.—The Rough and Irregular Oxide Coating on an “As Cast” 195 Alloy (Aluminum-Copper) bet 
ies. Sample (X 500). am 
firs 
4 sol: 
an 
q 
he: 


coating a yellow color when present in 
certain amounts. Other elements, such 
as silicon and manganese, when they 
are not in solid solution, are responsible 
for the formation of dark and dull 
oxide coatings. Thus, it is not un- 
common for different tempers of the 
same alloy to have a different appearance 
after an anodic treatment. An example 
of this difference in appearance is shown 
by Figs. 12 and 13. 1 + 
j 
Thermal Treatment: 


In general, however, thermal treat- 
ments which dissolve the alloying con- 
stituents and retain them uniformly 
distributed in solid solution tend to give 
a metal which takes a more uniform and 
better appearing oxide coating. Ex- 
amples of the effect of heat treatment 
are shown by Figs. 14 and 15. The 
first illustration shows a cross-section of 
an anodically coated No. 195 alloy 
(4 per cent copper) sand casting in the 
cast condition. In this condition, the 
alloy contains a network of CuAls and 
solid solution coring along the grain 
boundaries. The oxide coating on the 
sample shows the effect of these varia- 
tions in structure. The coating is rough 
and oxidation has occurred along the 
CuAl, network at the grain boundaries. 
Since CuAls is one of the constituents 
that is oxidized or dissolved completely 
at a more rapid rate than the aluminum 
matrix, the network in this alloy oxidizes 
more rapidly and in preference to the 
matrix. Also the difference in the 
oxidation characteristics of the cored 
and noncored zones of the grains is 
partly responsible for the nonuniform 
oxide coating on the matrix of the grains. 

The oxidation characteristics of this 
cast alloy can be changed, however, by 
thermal treatment. After a solution 
heat these characteristics 
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are greatly improved as is shown by 
Fig. 15. This treatment causes solution 
of the CuAl, network and distributes the 
copper uniformly throughout the grains. 
With such a structure, oxidation pro- 
ceeds uniformly and a more satisfactory 
oxide coating is obtained. Similar oxi- 
dation characteristics are obtained on 
aluminum-magnesium casting alloys (7) 
in the cast and heat-treated conditions. 
The Al-Mg constituent, similar to CuAla, 
is rapidly oxidized or dissolved during 
the oxidation treatment. 


Influence of Original Ingot Structure: 


Since the anodic oxidation treatment 
reveals features which can be traced to 
the original cast structure, the cause of 
variations in surface appearance must 
be related to the original ingot structure. 
Aluminum alloy ingots, in general, do 
not have an entirely uniform micro- 
structure because of selective solidifica- 
tion and of variations in rate of solidifi- 
cation. During the freezing of an ingot, 
a dendritic structure is formed wherein 
the grain boundaries and areas within 
the grains contain a network of eutectic 
composition and are bordered by a 
narrow zone which is rich in the alloying 
elements. 

In view of these structural conditions, 
it is to be expected that different regions 
of the cast grains would have different 
oxidation characteristics. The impor- 
tant point in connection with ingot struc- 
ture, however, is that variations in 
ingot structure are sometimes carried 
through to the finished product in spite 
of the various fabrication procedures 
employed. The constituent pattern, 
however, is elongated into a banded 
structure by extrusion, rolling or other 
directional working operations. Thus, 
the constituent pattern is changed both 
by the type and the amount of working. | 
From this, it follows that the amnecd 
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for anodically treated metal to develop 
streaks and discoloration is related to 
the types of constituents present and to 
the size, arrangement and oxidation 
characteristics of these constituents. 


Conclusions: 


It is considered that microscopic ex- 
amination of anodically coated alum- 
inum alloys by the methods that have 
been described provides a useful means 
for determining the characteristics of 
oxide coatings in general and the varia- 
tions in = appearance of different 
‘J, > :4 
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OF ANODIC COATINGS ON ALUMINUM 
wi By Juntus D. Epwarps! 
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SYNOPSIS 


The thickness of an oxide coating is a characteristic which may help deter- 


mine its usefulness for a variety of purposes. 
thickness therefore becomes a matter of commercial importance. 


The measurement of coating 
This article 


presents some of the methods which may be employed for measuring the thick- 
ness of an oxide coating, and gives information regarding the accuracy and 


field of application of these methods. 


Aluminum exposed to the atmosphere 
always bears on its surface a natural film 
of oxide which is protective in character. 
This film is very thin, and various esti- 
mates ascribe to it a thickness of the 
order of 0.5 X 10~* in. (10, 11).2_ By cer- 
tain anodic treatment processes, oxide 
films of greater thickness are readily pro- 
duced on aluminum. A thin and im- 
pervious oxide film is produced by 
anodic treatment of aluminum in an 
aqueous solution of boric acid. This is 
the type of oxide film which serves as a 
dielectric in the electrolytic condenser. 
These films generally show interference 
colors. Their thickness will vary with 
the forming voltage; films (9) formed at 
220 v., for example, were found to have 
a thickness of about 10 X 10~ in. 

Another class of oxide films formed 
anodically on aluminum is characterized 
by a substantial thickness and a pervious 
or porous structure. These films are 
produced by anodic oxidation in electro- 


1 Assistant Director of Research, Aluminum Research 

boratories, Aluminum Company of America, New 
Kensington, Pa. 

2 The boldface numbers in parentheses refer to the 
Teports and papers appearing in the list of references ap- 
pended to this paper, see p. 965. 


lytes such as solutions of sulfuric, 
chromic, or oxalic acids. Within quite 
a range, the thickness of these oxide 
films is only limited by the amount of 
current employed in their production. 
They have a variety of useful properties, 
such as resisting abrasion and protecting 
against corrosion. The extent of the 
protection which the oxide offers may 
depend in substantial measure upon the 
thickness of the coating. The measure- 
ment of film thickness has therefore 
become an important means of apprais- 
ing the quality of these coatings. 

In a sulfuric acid electrolyte, such as 
is employed in the Alumilite process,* 
a coating of 0.0004-in. thickness is 
formed by 3-hr. anodic oxidation at a 
current density of 12 amp. per sq. ft. (3). 
Generally speaking, the Alumilite coat- 
ings with the widest use have a thickness 
of about 0.0001 to 0.0006 in. The coat- 
ings formed in chromic acid electrolyte 
are somewhat thinner, as a rule, and have 
a thickness on the order of 0.0001 in. 
Coatings such as these are therefore 


. 3 Protected by patents owned by the Aluminum Com- 
pany of America. 
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Fic. 1.—Anodic Oxide Coating on Commercial Aluminum Sheet (2S) Produced in Sulfuric Acid 


Electrolyte, Unetched (500). 


Fic. 2.—Anodic Oxide Coating on Cast Aluminum- Silicon Alloy (5 per wary Produced in 
Sulfuric Acid Electrolyte, Unetched (500). 


Fic. 3. Oxide Cutie on Cast Alloy (4 per Produced in 
Sulfuric Acid Electrolyte, Unetched (500). 
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about one thousand times thicker than 
the oxide film naturally forming on 
aluminum, and would be expected to 
have quite different properties, par- 
ticularly as regards the protection they 
offer against abrasion and corrosion. 

A particular characteristic of these 
thicker oxide coatings is their porous 
structure. For the oxide to continue to 
grow in thickness during the anodic 
treatment, it is necessary that the elec- 
tric current continue to flow to the metal 
surface. The oxide itself is a non- 
conductor, and there must be innumer- 
able capillary pores or channels which 
penetrate the coating and carry the 
electrolyte. The myriads of pores in 
the coating have a very extensive surface 
and make the oxide film highly ad- 
sorptive. This power to adsorb certain 
substances gives the film the property 
of being colored by dyes and mineral 
pigments. 

It is a curious fact that the oxide 
coating, being formed from the base 
aluminum instead of being deposited 
from the solution, grows in the opposite 
direction to an electroplated coating. 
The oxide last formed is always between 
the metal and the oxide previously 
formed. This means that the oxide first 
formed has the longest contact with the 
electrolyte, and where the electrolyte 
has an appreciable solvent action on the 
coating—as do the electrolytes last 
mentioned—it may profoundly influence 
the properties of the coatings, particu- 
larly in the direction of increasing their 
porosity and decreasing their density. 
For this reason, no set value can be as- 
cribed to the density of the oxide in these 
anodic coatings; in fact, it will vary 
widely, depending upon the electrolyte 
employed and its temperature, as well as 
the period of oxidation. The density of 
the oxide may even vary within the 
coating, the most porous and less dense 
oxide being near the surface. It is fre- 
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quently desirable, therefore, to know 
both the thickness of the oxide coating 
and its weight or average density. 


Measurement of Coating Thickness with 
the Microscope: 


For thick oxide coatings, the most 
direct and accurate method of measur- 
ing the thickness is by means of the 
microscope. A small sample of the 
oxide-coated metal is first mounted and 
prepared in the manner usually em- 
ployed for the metallographic examina- 
tion of metals. In mounting, a pro- 
cedure must be used that will protect the 
edges of the specimen against damage 
during the cross-sectioning and polishing 
operations. The details of the mounting 
procedure have already been described 
(4). With the sample properly mounted 
and polished, the thickness of the oxide 
cross-section can be measured directly 
with a microscope equipped with a 
calibrated micrometer eyepiece. If a 
micrometer eyepiece is not available, 
the image of the cross-section can be 
thrown on a screen at known magnifica- 
tion and the magnified thickness of the 
coating measured with a rule. 

If the article under examination is a 
wrought product, the coating will prob- 
ably be quite uniform in thickness as 
shown, for example, by the oxide coat- 
ing on commercial aluminum sheet (see 
Fig. 1). It would not be difficult to 
decide how many readings to take to 
obtain a fair average for such a test 
specimen. If, however, the sample 
under examination is from a casting, the 
coating will probably show more varia- 
tion in thickness from place to place and 
there may be some question as to the 
number of observations necessary in 
order to obtain what might be called an 
average measurement (6, 7). In some 
cases there may be sufficient variation in 
thickness so that maximum, and particu- 
larly minimum, values should be re- 
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corded. No established rules can be 
laid down, however, and each case must 
be considered on its merits. Oxide coat- 
ings on two different commercial casting 
alloys are shown in Figs. 2 and 3. 

If the oxide coating is sufficiently 
transparent and a petrographic micro- 
scope with a calibrated vernier fine ad- 
justment is available, an approximate 
thickness measurement can be made by 
the “displacement of image’ method. 
In this method, the microscope is focused 
first on the interface between the metal 
and the oxide, and then focused on the 
top surface of the oxide. A pencil mark 
on the oxide aids in focusing on the 
surface, but the adjustment is difficult 
at best. The difference between the two 
readings on the fine adjustment, multi- 
plied by the refractive index of the oxide, 
gives directly the thickness of the coat- 
ing. According to Chamot, the thick- 
ness thus found with an ordinary 
microscope is accurate to within about 
0.02 mm., which is scarcely sufficient for 
coatings of the kind under considera- 
tion (2). Kapernick, however, claims 
to have secured reasonably satisfactory 
measurements on oxide coatings by this 
method (5). 

The refractive index of the oxide has 
been found to vary with its method of 
production and method of sealing. 
Films on aluminum sheet of high purity, 
produced by oxidation in sulfuric acid 
electrolyte, have shown a refractive 
index (3) of 1.59 which, after sealing in 
hot water, was increased to 1.62. 


Coatings Showing Interference Colors: 


Thin oxide coatings may show inter- 
ference colors. Coatings made in boric 
acid electrolyte for electrolytic con- 
densers usually exhibit this phenomenon. 
It is possible to measure the thickness of 
this type of coating by the method of 
Blodgett and Langmuir (1), using as 
color standards a series of known layers 
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of barium stearate on polished chro- 
mium. However, the oxide coatings 
employed for their decorative and pro- 
tective effect are generally too thick to 
be measured by this method, so no 
attempt will be made to give the details 
of procedure, and the reader is referred 
to the original article. Still other opti- 
cal methods are available for estimating 
the thickness of films which show inter- 
ference colors (8). 


Measurement of Coating Thickness by 
Stripping Method: 


Another class of methods depend on 
measurements of the article before and 
after removal of the oxide coating. ‘This 
measurement may be either a direct 
thickness measurement or may be a 
weighing of the article before and after 
removing the oxide coating, in which 
case the determination yields the weight 
of oxide on a given area of the article. 
In the 1937 report of A.S.T.M. Com- 
mittee B-7, details are given for a strip- 
ping method which employed a solution 
of sulfuric acid to dissolve the oxide (4). 
The sulfuric acid solution contained a 
small amount of antimony to serve as an 
indicator; when the oxide had dissolved 
to the point that bare aluminum was 
exposed, antimony deposited as a gray to 
black film and indicated that the strip- 
ping operation was complete. The solu- 
tion, however, was not particularly 
selective and attacked the metallic 
aluminum as soon as it was exposed. 
It is necessary by this method to take 
great care to stop the process at the 
point where all the oxide has been re- 
moved. Since then, the process has 
been improved by Ralph B. Mason of 
Aluminum Research Laboratories. The 
new method depends upon the use of a 
solution containing chromic and phos- 
phoric acids for removal of the oxide. 
Instructions for carrying out the method 
are as follows: 
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Determination of the Weight of Coating 
Reagents: 


Phosphoric acid, 85 per cent 
Chromic acid, CrO3 

For the determination of weight of 
coating, use a sample of known surface 
area; about 9 sq. in. is usually a convenient 
size. If the oxide coating is contaminated 
or impregnated with oil, grease, lacquer, 
etc., it may be desired to remove as much 
as possible of this material before determin- 
ing the weight of coating. It is not usually 
practical to remove these materials from 
the pores of the coating but surface films 
can frequently be removed by wiping the 
sample with a cloth wet with a suitable 
solvent. 

Weigh the sample and then immerse in 
the phosphoric-chromic acid solution for 
5 min. at 212 F., to remove the oxide whose 
weight is to be determined. Remove the 
sample, wash in distilled water, dry and 
weigh. Repeat the 5-min. exposure until 
the coating is completely removed, which 
is indicated by the sample’s weight remain- 
ing constant. 

Report the weight of coating in milli- 
grams per square inch of coating. 


Notes: 


The thickness of the oxide film can also 
be determined by measuring the thickness 
of the sample with a micrometer before and 
after removing the oxide. 

The rate at which aluminum oxide dis- 
solves in the phosphoric-chromic acid solu- 
tion decreases as more and more oxide is 
dissolved. The solution should be dis- 
carded after about 1 liter of solution has 
dissolved 5 g. of aluminum oxide. The 
addition of 21 ml. of 85 per cent H3PQ, 
to the solution containing 5 g. AlOs3 per 
liter will be equivalent to preparing a fresh 
solution. 

If coating is to be determined only on one 
side, take a sample which is somewhat 
greater than required for final size and 
remove coating from other side by swabbing 
with a hot solution of caustic soda (10 per 
cent NaOH). Before such swabbing, out- 
line an area somewhat greater than 3 in. 
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square with paraffin; this will prevent 
caustic soda running over edges andattack- 
ing the coating on the other side. Swab 
until bare metal is exposed, which is indi- 
cated by uniform bubbling over the entire 
surface. Swab with hot distilled water 
and dry with cloth. Swab with 1:1 HNOs; 
solution. Rinse with hot distilled water 
and dry at 212 F. Cool and shear to de- 
sired size, preferably 3 in. square. 


The method gives readily reproducible 
results, as will be seen by comparison of 
the data in Table I, which show the 
measurements of the weight of oxide on 
a series of samples numbered A to H, 


TABLE I.—MEASUREMENT OF WEIGHT OF OXIDE 
FILM ON ALUMINUM SHEET. 


Weight of Oxide Coating, A 
mg. per sq. in. of coating | Thickness 
| of Oxide 
Coating 
Measured 
Under the 
Microscope, 


Bohn 
Alumi- 
search phone | 


Labor- 
atories 


one 


as determined in three different 
laboratories. 

The density values for the coatings of 
Table I are in the neighborhood of 3, 
while massive crystalline alumina has a 


density of about 3.9 to 4.0. 


Thickness of Coating versus Dielectric 
Strength: 


Oxide coatings produced by anodic 
treatment of aluminum may have a 
substantial dielectric strength and, 
general, this dielectric strength in- 
creases linearly with thickness of coat- 
ing. The breakdown voltage of the 
coating may therefore be used as a 
rough measure of the thickness of the 
coating. There are, however, quite a 
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number of variables other than thick- 
ness which affect the breakdown voltage 
of the coating. The dielectric strength 
may vary, for example, with the alloy 
being coated, with the electrolyte em- 
ployed and its temperature, and the 
current density, as well as the method 
used for sealing the coating. Voltage 
breakdown values vary also with the 
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_ Fic. 4.—Relation Between Breakdown Voltage 
and Thickness of Sealed Oxide Coating on 
Commercial Sheet Aluminum. 


character of the surface preparation; 
coatings on a sand-blasted surface, for 
example, have many points which show 
a low breakdown voltage. 

It is not practical, therefore, to 
attempt to determine the thickness of a 
coating of unknown characteristics by a 
measurement of its breakdown voltage. 
However, where the characteristics of 
the coating are known, as in the case of 
routine production, the breakdown volt- 


age can serve as a quick test of the 
approximate thickness of the coating, 
in order to make sure that the coating 
is within established limits. The mini- 
mum breakdown voltage is determined 
empirically by a series of measurements 
on coatings which have been found to be 
satisfactory by other tests. 

In Fig. 4 are shown the voltage break- 
down values for approximately 22 differ- 
ent samples of commercial sheet alumi- 
num bearing coatings up to about 
0.0005 in. in thickness. Some of these 
coatings were made in different plants 
and under different coating conditions; 
all of them were sealed by treatment 
with hot water. The maximum varia- 
tion for coatings of the same thickness 
is not great and, in fact, the agreement 
was somewhat better than has been 
obtained in other similar series of 
measurements. These measurements 
were carried out by the method outlined 
in A.S.T.M. Tentative Method of Test 
for Dielectric Strength of Anodized 
Aluminum (B 110 39 T).4 
In Closing: 

Some of the methods described in 
this paper for determining the thickness 
of oxide coatings on aluminum give pre- 
cise values and are best adapted for 
laboratory utilization; others give ap- 
proximate values and are satisfactory 
for the control of plant production. 
The fact should not be overlooked that 
even simpler tests are available which 
may yield considerable information in 
the hands of an experienced person. 
A knife or scribe, for example, will 
usually disclose both by the depth of 
scratch and the sound, as it cuts through 
the oxide, whether the coating is thick 
or thin, and tell something about its 
hardness. In the case of very thin 


4 1939 Book of A.S.T.M. Standards, Part I, p. 1040 
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coatings, an ink eraser, or even a 
pencil eraser, may cut through the 
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explaining the formation of anodic coat- 
ings, showed how the coating is attacked 
by the electrolyte at the surface and the 
metal is transformed into the coating as 
the oxidizing action penetrated. I won- 
der whether Mr. Edwards could en- 
large a bit on this. He further stated 
that in the Alumilite coating process, a 
coating of 0.0004 in. thick is commonly 
produced, while in the normal chromic 
acid process, the coating is about 0.0001 
in. How much metal has been lost on 
the surface in each case? We all know 


that aluminum oxide or hydrated alumi- 
num oxide or whatever it may be has 


a larger volume than aluminum metal. 
Often the assumption is made that in 
anodizing a piece of aluminum there is 
an increase in size—how much is that 
increase in total size and how much 
actual decrease in metal size is there? 

Mr. Junius D. Epwarps.?—In some 
experiments we performed some time 
ago, we took a piece of aluminum foil 
and oxidized it step by step by the 
Alumilite process, and at each successive 
step its thickness increased. When we 
had oxidized it completely through, as 
we did, there was an increase of about 
thirty per cent in the thickness of that 
foil. In commercial operation you may 
experience an increase in thickness of 
the part, no increase in thickness, or 
sometimes an actual decrease in thick- 
ness of the part, depending upon the 


1 Vice-President, In Charge of Chemical and Metal- 
lurgical Engineering, Lucius Pitkin, Inc., New York, N. Y. 

2 Assistant Director of Research, Aluminum Research 
Laboratories, Aluminum Company of America, New 
Kensington, Pa. 
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electrolyte employed, the ‘eile 
of the electrolyte, and the time it re- 
mained immersed in the electrolyte. 
The conditions chosen for the experiment 
just described were such that there was 
a minimum of solvent action on the 
coating because we wished to ascertain 
what the maximum increase of thickness 
would be in transforming aluminum 
into aluminum oxide. 

Mr. Tour.—That would indicate 
that for a 0.0004-in. coating, the maxi- 
mum increase in over-all dimensions 
would not be much more than a tenth 
of a thousandth, or about a third of the 
coating thickness? 

Mr. Epwarps.—That is right. It 
should be remembered, however, that 
usually the part is oxide-coated all 
over and two thicknesses of coating are 
involved in measuring the diameter or 
thickness of a part. 

Mr. Tour.—I am under the impres- 
sion that in many commercial applica- 
tions allowances for increase in size of 
as much as half of a thousandth are 
being made. 

Mr. Epwarps.—I cannot understand 
on what basis they would make that 
allowance. 

Since this discussion took place, one 
aluminum and two aluminum alloy 
cylinders, 0.6 in. in diameter, were 
measured before and after anodically 
coating in chromic acid electrolyte. The 
coatings were approximately 0.0001 in. 
in thickness and the average increase in 
diameter as a result of the anodic treat- 
ment was 0.00001 in. with a maximum 
observation of 0.00008 in. 
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THE ABRASION RESISTANCE OF ANODICALLY OXIDIZED COATINGS 
ON ALUMINUM 


By H. G. Artt! 


SYNOPSIS 


The sestaini of an accurate air-blast on testing apparatus and 
technique is described. This test is suitable for the determination of the 
abrasion resistance of oxide coatings on aluminum and of other organic and 
inorganic coatings. The test equipment consists of a calibrated glass nozzle 
in which the abrasive is mixed with compressed air and which is housed in a 
suitable container arranged for the easy insertion and observation of the 
specimens under test. Information is provided as to the necessary control 
apparatus to insure a uniform supply of low pressure air at closely controlled 
pressure and rate of flow. Data are included on several sets of anodically 
oxidized coatings on aluminum to show the degree of duplicability of results 
both in a single laboratory and in several cooperating laboratories. Ad- 


ditional abrasion resistance data on anodically oxidized coatings on alumi- 
num are included and are related to the thickness, oxidizing time and sealing 


conditions in order to illustrate the value of abrasion resistance information 
on coatings of this character. Abrasion data are useful not only in the 
development of oxidized coatings but also in directly determining the useful 
life of such finishes under abrasive environmental conditions. 


The extensive use in industry of oxide 
coatings on aluminum focuses attention 
on the necessity for suitable methods of 
test to determine and control the useful 
properties of these coatings. The re- 
search, design, and manufacturing prob- 
lems involved can be greatly facilitated 
by reliable test methods for those char- 
acteristics that are definitely related to 
the methods of coating as well as to the 
use of anodically oxidized aluminum, 
that is, such properties as corrosion 
resistance, thickness, abrasion resis- 
tance, hardness and electrical break- 


breakdown having already been ap- 
proved as tentative by the Society,’ 
while methods of test for other properties 
are rapidly being developed by several 
investigators. 

It is the purpose of this paper to dis- 
cuss the measurement of abrasion resist- 
ance of oxide coatings on aluminum by 
abrasive air blast and to present data 
obtained by this method to demonstrate 
their degree of duplicability and useful- 
ness. 

The various methods of measurement 


down. Much has been accomplished 
toward this end, a method for electrical 


1 Member of Staff, Bell Telephone Labora- 
tories, New York, N. Y 


of abrasion resistance may in general be 
grouped under two headings, (1) those 
2 Tentative Method of Test for Dielectric Strength of 


Anodized Aluminum, (B 110-39 T), 1939 Book of 
A.S.T.M. Standards, Part I, p. 1040. 


. 
e- 
2. 
nt 
as ant 
he nigh 
in 
SS 
m 
te 
ns 
he 
It 
all 
re 
or 4 
4- 
of 
ire J 
nd 
at 
ne 
oy 
re 
a) 
lly 
‘he 
in. 
at- 
= 


OxipizEp COATINGS 


CARBORUND 
HOPPER 
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SPECIMEN-~ 


ABRASION 
NOZZLE 
Fic. 2.—Abrasion Test Apparatus (Open). 


MANOMETER 


Abrasion Test Apparatus (Closed). 
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which employ a finely divided abrasive 
which is caused to impinge on the surface 
tested, and (2) those which involve the 
rubbing, sliding or rolling action of two 
surfaces. Although methods in the 
second group are very useful in solving 
specific practical problems, particularly 
where the mechanical motions employed 
are directly related to usage, the degree 
of duplicability for general investiga- 
tional purposes does not appear to be as 
good as when using methods of the first 
type. This is undoubtedly due to the 
difficulties of controlling (a) the heat 
developed by wear under the changing 
condition of the wearing surfaces during 
testing, (b) the dimensional relations, 
(c) the mechanical motions, and (d) the 
pressure of contact. Some preliminary 
work has been carried out with a device 
of the rolling and sliding type but the 
results on duplicate specimens were in 
such poor agreement that the method 
was abandoned. 

The abrasive air-blast test measures 
the cohesion of the coating and is also 
related to the hardness and density as 
well. A means of accurately measuring 
abrasion resistance is therefore of assist- 
ance in the study of the effect of the 
oxidizing and sealing conditions on the 
properties of the coatings. The close 
similarity between the abrasive air-blast 
test and the abrasive conditions met 
with in service on such equipment as 
trains, automobiles, and airplanes also 
makes this test useful in selecting finishes 
of maximum abrasion resistance for 


APPARATUS 


Of the several variations in use of the 
abrasion by impingement method, that 
of Schuh and Kern? was selected for 
measurement of the abrasion resistance 


SALE. Schuh and E. W. Kern, “Measurement of Abra- 
sion Resistance,” /ndustrial and Engineering Chemistry, 
Analytical Edition, Vol. 3, pp. 72-76 (1931). 
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of anodically oxidized coatings in view 
of its success as a method of measuring 
the same property of organic protective 
and decorative coatings. 

The apparatus employed is illustrated 
in Figs. 1, 2, 3, and 4. The abrasion 
device consists essentially of a glass 
nozzle in which the abrasive is mixed 
with air at controlled pressure and im- 
pinged on the surface of the specimen 


under test. 
te 


CARBORUNDUM | 24 
INLET TUBE 


OUTSIDE.DIAM.= 5/6" 
INSIDE DIAM.= 7/45 


AIR INLET TUBE 
OUTSIDE DIAM.=!/4" 
INSIDE DIAM.= 


SEALING WAX 


3.—Abrasion Nozzle. 

The nozzle of Fig. 3 was employed to 
obtain most of the data reported. Some 
of the data was obtained on an earlier 
design of nozzle in which the dimension 
from the abrasive inlet to the outlet was 
2.4 in. instead of 5} in. as shown on 
Fig. 3. The entire device is housed in 
a container to catch the used abrasive 
and is normally arranged for testing 
specimens up to 3 by 3 by j in. It is 
constructed with all the essential equip- 
ment mounted on the top of the con- 
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tainer so that the coatings on larger 
specimens or full-size parts can be tested 
by removing the top assembly and plac- 
ing it directly on the part to be tested. 


PIPE 
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trary, and were selected for convenience, 
An increase in the angle of incidence 
increases the abrasion value and an in- 
crease in the distance between the nozzle 
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Fic. 4.—Air\Control for Abrasion Test. 
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Fic. 5.—Air Pressure versus Air Flow — Abrasion Test Apparatus. 


The axis of the nozzle is fixed at 45 deg. 
to the surface of the specimen and is 
arranged in a bushing so that it can be 
slid downward into contact with the 
surface of the specimen. The angle of 
incidence of the nozzle and the distance 
between nozzle and specimen are arbi- 


and specimen also increases the abrasion 
value as shown by Schuh and Kern. 
On the cover of the test machine are 
mounted the nozzle, exhaust air vent, 
specimen holder, lights for illumination 
of the specimen under test and a support 
for the abrasive container. The hous 
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ing is equipped with a hinged door for 
insertion and removal of specimens. 
This door also contains a window for 
observation of the specimen during test. 
The cover is equipped with an exhaust 
air vent to eliminate back pressure in 
the test chamber. 

Figure 4, which is a schematic drawing 
of the details of the air control, shows 
an arrangement which is suitable for a 
high-pressure air line but can readily be 
adapted for an individual compressor. 
In order to obtain results of good du- 
plicability the air pressure as measured 
on the mercury manometer next to the 


cent in length did not effect a flow 
difference which could be detected on 
the flow meter. An increase in inside 
diameter of this tube from } in. to 2 in. 
increased the flow by only 0.02 to 0.03 
cu. ft. per min. The other connections 
are not critical provided that adequate 
size is employed (at least in. in inside 
diameter). 


TESTS 


Eight large aluminum sheets were 
anodically oxidized by the commercially 
used Alumilite process* under identical 
conditions except for different periods of 


TABLE I.—ABRASION VALUES OBTAINED BY DIFFERENT LABORATORIES. 


Abrasion Values, g. of carborundum 


Thick- 


Sample ness, in. 


Laboratory 1 


Laboratory 2 Laboratory 3 


Aver- 


Readings age 


Readings 


34 23 | 21 | 24 
59 | 52 | 61 
89 | 89 | 90 

113 


128 |130 


La equipment of Laboratories 1 and 2 was the same. 


Laboratory 3 used similar equipment employing a shorter 


All specimens were anodically oxidized under the same conditions and were unsealed. The specimens were made at 
the Research Laboratories of the Aluminum Company of America. 


nozzle was controlled so that it did not 
vary more than + 1.5 mm. of mercury 
from the nominal value during a test. 
This was accomplished by use of a special 
design of diaphragm-type reducing valve. 
On the low-pressure side, a difference of 
3mm. of mercury pressure corresponds 
to an air flow of about 0.03 cu. ft. per 
min. at 10 cm. of mercury, the test pres- 
sure usually employed. The relation 
between pressure and air flow in the 
equipment described is shown on Fig. 5. 
The size or length of connection from 
manometer to nozzle does not appear to 
be particularly critical. The }-in. inside 
diameter rubber tube connection used 
was 20 in. long. A decrease of 30 per 


time. Four sheets were of 2S-H alloy 
and four were of 53-S alloy. Oxidizing 
times of 10, 20, 30, and 40 min. were 
employed. The large sheets were cut 
up after coating and duplicate specimens 
were distributed to three laboratories 
for preliminary tests. Two of the 
laboratories had the testing equipment 
illustrated herein except for the pressure 
control valve and flow meter. The 
nozzles of these two machines were not 
calibrated against each other. The 
third laboratory used essentially the 
same equipment as the other two labora- 


4 Protected by patents owned by the Aluminum aaa 
pany of America. _ 
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tories except for the shorter nozzle de- 
scribed above. 

Abrasion values were obtained by the 
three laboratories at 10 cm. of mercury 
air pressure. The environment at time 
of test was not controlled at the three 
laboratories conducting the tests and 
the degree to which the variation in air 
pressure during each test was controlled 
is not known. The end point of each 
determination was, by agreement, the 
removal of the oxide coating from an 
area 2 mm. in diameter. The thickness 
of each coating was determined by 
measurement on a microscope of a sec- 
tioned and polished specimen imbedded 
in a transparent plastic. The data 
obtained are given in Table I. 

An examination of the data given in 
Table I shows that the abrasion values 
from the three participating laboratories 
are consistent in their evaluation of 
abrasion resistance of the coatings tested 
even though the actual values are 
numerically different. The abrasion re- 
sistance of the oxide coatings appears to 
increase with thickness in essentially the 
same fashion when determined by any 
one of the three cooperators. 

It should be noted that the data of 
laboratories 1 and 2 are in reasonable 
numerical agreement even though the 
nozzles were not calibrated against 
each other. The data of laboratory 3 
cannot be expected to be in numerical 
agreement with laboratories 1 and 2 due 
to appreciably different nozzle dimen- 
sions. 

In considering these data, it should 
be kept in mind that the thickness deter- 
minations were not made at the same 
areas as the abrasion determinations. 
There are indications from other data 
on the same specimens of small varia- 
tions in thickness of the oxide coating 
over each large sheet. If this is so, the 
abrasion values, which vary with thick- 
ness, cannot be uniform all over a sheet. 
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The abrasion values reported were ob- 
tained in some cases on both sides of the 
coated sheets and this may also have 
had an effect on the data. 

In order to ascertain the reproduci- 
bility of abrasion values in one labora- 
tory, comparative tests were made 
3 yr. apart on the same test equip- 
ment by different operators, on the same 
specimens. The averages of the results 
are given in Table II. Unfortunately, 
the nozzle used for the first determina- 
tions had been broken and replaced by 
a duplicate. In such cases it has been 
customary to establish a calibration 
factor, comparing abrasion values for the 


TABLE II.—TOTAL ABRASION 
AVERAGE VALUES. 


1939 Corrected 
Actual (X 1.18) 


RESISTANCE, 


129 


1939 readings made by a different operator than the 
1936 readings. 

A different nozzle was used in 1939 than in 1936. Acal- 
ibration constant of 1.18 was used to permit comparison 
of values obtained with the two nozzles. 

Each 1936 value is the average of 12 measurements. 
Each 1939 value is the average of 4 measurements. 


two nozzles on the same specimen under 
the same operating conditions. Experi- 
ence has shown this to be a safe proce- 
dure for nozzles that are essentially the 
same except for slight variations in glass 
tube size and in precision of blowing and 
adjustment of the air jet in the outer 
tube. This procedure would be ques- 
tionable if used to calibrate nozzles of 
appreciably different dimensions. 

The data of Tables I and II show that 
the standardization and control of the 
test equipment and methods of operation 
require improvement before the method 
can be used safely for inspection 
purposes. 

The use of a high-pressure air line as 
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a supply for abrasion testing resulted in 
pressure variations during test due to 
fluctuations on the high-pressure side 
caused by other users of the line. This 
required manual control of the reducing 
valve during testing to maintain a 
reasonably uniform low-pressure air. 
Even with careful manual control, the 
pressure fluctuated as much as + 1 cm. 
of mercury momentarily during a test 
period. In order to correct this condi- 
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four sets of Alumilite process coated 
specimens representing different oxidiz- 
ing and sealing conditions. An air 
pressure of 12 cm. of mercury was em- 
ployed which corresponds to an air flow 
of 1.8 cu. ft. per min. The weight of 
180 mesh carborundum required to wear 
through the oxide film was determined 
under these conditions. The end point 
employed was an area of approximately 
2 mm. in diameter of exposed base 


TABLE III.—ABRASION RESISTANCE OF ANODICALLY OXIDIZED COATINGS ON ALUMINUM 


ALLOY 


2S-3H. 


H:SO, Bath—10 per cent concentration, 95 F. 


Sealing 
Panel Code 


Solution 


Current 
Density, 
amp. per 

sq. it 


Abrasion Resistance 


Thick- 


ness of Total, g. 


Readings 


Bath temperature 212 F. 
5 per cent sodium dichromate solution (boiling). 


° Each thickness value is average of at least 5 measurements. 


tion as far as possible, a special type of 
diaphragm reducing valve with supple- 
mentary bleeder control was installed. 
At the same time a flow meter was intro- 
duced before the manometer as shown on 
Fig. 4 so that duplicate equipment could 
be adjusted to give the same air flow at 
the same pressure. 

A further set of data was obtained by 
one laboratory with the improved con- 
trol of air pressure and flow. These 
data, see Table III, were obtained on 


metal. When in doubt, the exposure of 
base metal was checked with a metallic 
feeler connected to the base metal with 


a battery and head set in series. All 
these abrasion measurements were made 
at 50 per cent relative humidity at 77 F. 
after the specimens had been equili- 
brated to these conditions. 

The measurements were made on one 
side of each specimen and the thicknesses 
were determined by microscopic cross- 
section on the same side. In general, 
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Fic. 6.—Relation of Abrasion Resistance to Thickness for Different Sealing Conditions. 
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Fic. 7.—Relation of Abrasion Resistance to Oxidizing Time for Different Sealing Conditions. 
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the thickness determinations were made 
on areas about 2 or 3 in. from the abra- 
sion spots. 

These later data again show an in- 
crease of abrasion resistance with thick- 
ness and a substantial difference between 
abrasion values for sealed and unsealed 
coatings. The values also show con- 
siderable improvement in duplicability 
of values on the same specimen, the 
largest variation between readings on 
the same test specimen being 7.3 per cent 
as compared with 18 per cent in the 
earlier data. In addition, the number 
of readings on the same specimen show- 
ing appreciable variation has also de- 
creased considerably. 

In order to illustrate the usefulness of 
abrasion resistance data Figs. 6 and 7 
have been prepared. 

The relation between total abrasion 
resistance and thickness of the unsealed, 
water-sealed, and chromate-sealed coat- 
ings is shown on Fig. 6. It can be seen 
from these curves that the unsealed coat- 
ings have better abrasion resistance than 
either chromate or water-sealed coatings, 
the water-sealed coatings having the low- 
est abrasion resistance at any thickness 
level. These curves show that the 
measurement of abrasion resistance may 
be related to the degree of hydration of 
these coatings. The total abrasion re- 
sistance of the coatings has been plotted 
rather than the abrasion resistance per 
unit thickness since an examination of 
the data discloses that the average 
abrasion resistance is not uniform 
throughout the coatings, particularly in 
the case of the sealed coatings where 
the thinner coatings have a higher aver- 
age abrasion resistance than the thicker 


+ 
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coatings. This may be due to the 
shorter sealing time employed for the 
thinner coatings and may indicate in- 
completeness of seal of these coatings. 

When the abrasion values are plotted 
against oxidizing time, see Fig. 7, it 
appears that the abrasion resistance ap- 
proaches a maximum for the processing 
conditions employed. There are some 
indications that the unsealed coating 
drops off in abrasion resistance after a 
critical oxidizing time has been passed. 
This is also reflected in the thickness 
values. 


CONCLUSION 


An air-blast type of abrasion test cin 
be successfully employed to measure the 
abrasion resistance of anodically oxidized 
coatings on aluminum. The data ob- 
tained are valuable not only with respect 
to the commercial use of these coatings 
but for research purposes as well. 

The results of this study indicate that 
careful control of testing conditions 
produced abrasion data of a high order 
of precision. Before adopting this 
method for inspecting product, it would 
be desirable to conduct a confirmatory 


cooperative test. ine 


The author hereby acknowledges the 
helpful assistance of R. J. Phair and A. 
Mendizza of the Bell Telephone Labora- 
tories, Inc., in this work. Acknowl- 
edgment is also made to J. D. Edwards 
of the Research Laboratories of the 
Aluminum Company of America and to 
W. E. McCullough of the Bohn Alumi- 
num and Brass Corp. for the preparation 
of specimens and cooperative tests. 


rig Tn mer 
aldaninide & 


Acknowledgment: 


mot 


a 
= 
& 
= ~ 
nw 
a 
4 
ns. ewe 


to base to 


4 


total 


+h 


Mr. Sam Tour.'—I should like to 
emphasize that in controlling the air 
in making an abrasion test, the vital 
thing is the amount of air, not the pres- 
sure. It is not a question of pressure 
somewhere in the air line back of the 
instrument; it is a question of the veloc- 
ity of the air through and from the 
nozzle. As the size of the nozzle is 
fixed, the important thing becomes the 
cubic feet per hour of air that are forced 
through. An air flowmeter registering 
in terms of cubic feet per minute or per 
hour is the important item. In control- 
ling the carborundum side, of course, the 
important thing is the grain size of the 
carborundum. Mr. Arlt referred to No. 
180 carborundum. I was once under 
the impression that, when one purchased 
No. 180 carborundum, practically 75 
per cent at least was of the order of 
180 mesh with possibly a small amount 
of 200 or finer mesh, and very little 
coarser than 150. I find that the so- 
called No. 180- or No. 170-mesh carbo- 
rundum available contains considerable 
dust and will run as much as 50 per cent 
coarser than No. 150 and with some 
particles that will not go through a 20- 
mesh screen. To control the carborun- 
dum in these tests, it should be screened 
and only that fraction between the No. 
150 and No. 200 sieves should be used. 
That means that only about 30 per cent 
or 25 per cent of the purchased carbo- 
rundum is usable. In this way a much 
greater uniformity is obtainable. 


_ 1 Vice-President, In Charge of Chemical and Metallur- 
gical Engineering, Lucius Pitkin, Inc., New York, N. Y. 
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Mr. J. D. Epwarps.?—Mr. Arlt brings 
out the difference in abrasion resistance 
between the surface and base of the 
coating. The significant difference in 
abrasion resistance resulting from the 
sealing operation may be related to the 
changes which take place during the 
treatment with hot water. The coating, 
which is initially porous, after being 
treated with hot water becomes im- 
pervious, and this change is accompanied 
by the conversion of anhydrous alumi- 
num oxide (Al,O;) to the hydrated form 
(Al,O3-H:O). No doubt this chemical 
reaction between the water and the 
coating changes the state of organization 
so that it is less resistant to the abrasive 
air blast. 

Mr. H. G. Artt® (Author’s closure).— 
With respect to Mr. Tour’s comment 
involving the control of air pressure and 
air flow, further study of these variables 
has been carried on since the work re- 
ported on in the paper. 

There is very little question but that 
abrasion values of excellent duplicability 
can be obtained on any one piece of 
abrasion test equipment if either the air 
pressure or air flow is controlled. The 
two properties are interdependent and 
vary with respect to the dimensions of 
the glass nozzle and the length, size, 
bends, etc., in the connecting tubing. 
When it is desired to calibrate one test 
machine against another, it is necessary 


2 Assistant Director of Research, Aluminum Research 
Laboratories, Aluminum Company of America, New 
Kensington, Pa. 

3 Member of Technical Staff, Be!l Telephone Labora- 
tories, New York, N.Y. 
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that both the air pressure and the air 
flow be controlled on each machine. 
This can be done by using nozzles of 
essentially the same dimensions, by the 
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in this test that the particle size of the 
abrasive be controlled by adequate 
means. The abrasive size is, in this 
test, a measure of the number of particles 


use of an adequate size of connecting 
tubing and by adjustments in the lengths 
of tubing and bends. It may be of 
interest to state that it was found neces- 
sary to use a special glass tubing, the 
inside diameter of which is within plus 
or minus 0.0004 in. of the specified dimen- 
sion in order to permit the standardiza- 
tion of several abrasion test machines. 

As Mr. Tour points out, it is essential — 


impinging on the specimen as well as a 
controlling factor in the cutting energy 
of each particle. A difference of over 
100 per cent in abrasion value can be 
obtained on the same test specimen when 
the particle size is varied from 90 to 215 
mesh with the air flow and air pressure 
conditions held constant. The higher 
abrasion value, of course, is obtained 
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ELECTRICAL BREAKDOWN OF ANODICALLY OXIDIZED COATINGS 
ON ALUMINUM: A MEANS OF CHECKING THICKNESS 


OF ANODIZED FINISHES 


wore 


By K. G. Compton! anp A. MENDIZzAL 
le id wen 

pity 


SYNOPSIS 


The existing methods for determining the thickness of anodically ong 
duced oxide coatings on aluminum are relatively few and are almost entirely 
of a destructive nature. It is a fairly well established fact that, within the 
thickness limits normally encountered in practice, the voltage breakdown is 
a linear function of thickness of oxide film. The authors have endeavored 
to utilize this fact in developing a test method for determining the thick- 
ness of coatings produced under known and controlled conditions with prac- 
tically no injury to the finish. Data are given which show the relationship 
between breakdown resistance, anodizing time, thickness of coating, current 
density and sealing of anodically oxidized polished commercially pure alu- 
minum. Statistical data for the values obtained are also given, indicating 
the good reproducibility of the breakdown values. By calibrating a partic- 
ular anodic process, satisfactory results may be obtained in a relatively 
short time and often without destroying or marring the article. Since the 
oxide coating is not entirely homogeneous it is necessary to obtain a fairly 
large number of readings for every test condition. The authors have found 
that approximately twenty-five readings are usually sufficient and can be made 
in a relatively short time. Although only one of the many anodizing pos- 
sibilities has been investigated, the applicability of this method of evaluating 
the thickness of oxide coatings may be extended to all commercial treatments. 


An investigation of the voltage break- 
down characteristics of anodically pro- 
duced coatings on commercially pure 
aluminum has been conducted with a 
view to determining the effect upon 
breakdown of such factors as anodizing 
time, sealing, hardness of base metal, 
contact pressure, and bending of the 
oxidized article. It was thought that 
out of this study might grow a method 
of checking the thickness of coating on 
a production basis which would not de- 


1 Members of Technic al Staff, Bell Telephone Labora- 
tories, New York, N. V. 


stroy the sampleand at the same time 
be rapid and simple. It is the purpose 
of this paper to present the data more 
from the point of view of establishing 
a method of evaluating the finish than 
from that of studying a dielectric. 
The need of a rapid method of check- 
ing the thickness of this finish has be- 
come increasingly more important as 
the volume of work has increased, par- 
ticularly in factories employing mass- 
production methods. Various methods 
have been proposed, such as the needle 
penetration test in which a measurement 
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is made of the distance the needle travels 
from the surface of the finish before 
making an electrical contact to the base 
metal; stripping the coating from a 
known area, weighing the specimen and 
from the loss in weight determining the 
thickness; grinding a V-shape notch 
and determining the thickness micro- 
scopically; and the standard method of 
casting a section of the specimen in a 
plastic, cutting and polishing in a 
plane normal to the surface of the speci- 
men and measuring the thickness under 
a microscope. All of these methods 
suffer either from a lack of precision or 
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to the test chamber. All of the high 
voltage part of the circuit is within the 
area guarded by the safety switch. 
A “Variac” having a capacity of 200 
v-amp. has been found to be adequate 
and is mounted outside of the enclosed 
area for convenience in operation. Care 
must be taken to see that the connection 
between its output and the primary 
of the step-up transformer are protected 
from accidental contact with the high 
voltage. The step-up transformer is of 
the type used in radio plate power sup- 
plies and is capable of supplying about 
50 ma. at 1500 v. The resistor R; is 


' 
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A LIGHTING CIRCUIT 110 TO 120 V., AC. 


S- SAFETY SWITCH OPERATED BY DOOR 


- GENERAL RADIO VARIAC 
UP TRANSFORMER 


R,- CURRENT LIMITING RESISTOR 


Ro- VOLTMETER MULTIPLIER 


from the time and effort required to 


make the determination. A _ voltage 
breakdown method within its limitations 
would have the advantage of being 
extremely rapid and frequently could 
be employed without destroying the 
sample. 


APPARATUS 


The testing circuit as shown in Fig. 1 
is composed of a safety switch, a General 
Radio “Variac,” a step-up transformer, 
a current-limiting resistor, a voltmeter, 
and the testing jig for holding the elec- 
trodes. A safety switch is provided to 
protect the operator from the high 
voltage and is so arranged that the cir- 
cuit is opened and closed by the door 


Vv - 0-100 VOLT WESTON COPPER OXIDE RECTIFIER 
VOLTMETER. 1000 OHMS PER VOLT 
E - EXPLORING ELECTRODES MOUNTED IN TEST JIG 


Fic. 1.—Testing Circuit. 
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for the purpose of limiting the maximum 
current so as to prevent overloading of 
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the transformers. The most practical 
type of voltmeter has been found to be 
the copper-oxide rectifier type having a 
resistance of 1000 ohms per volt. The 
scale of the meter is calibrated in 
root mean square alternating current 
volts. The multipliers for the volt- 
meter are simple radio type cartridge 
resistors sometimes referred to as grid 


too severe arcing, especially at high 
voltages, produced objectionable burn- 
ing of the electrode, which had to be 
polished rather frequently in order to 
obtain fair duplicability. The entire 
set of test specimens was tested with a 
dead load on the electrode of 2.205 lb. 
(1000 g.). In addition, several anodic 
treatments were tested with no weight, 


TABLE I. 


Anodizing 
Time, min. 


Seal 


Seal Time, 
min. 


Current 

Density, 

amp. per 
sq.ft. 


Breakdown 


Base Alloy Voltage 


10 per cent H2SO,, 95 F. 


0 
20 


2S-1/2H; 2SO 


2S-1/2H 


2S-1/2H 


2SO 


2S-1/2H 


25 per cent H:SO,, 75 F. 


Water* 
None 


2S-1/2H 


25 per cent H2SOx, 85 F. 


30 NiAc® 
30 Water* 


2S-1/2H 


@ Bath temperature 212 F. P 
> 5 per cent sodium dichromate solution at 212 F. 
© Nickel acetate solution at 212 F. 


leaks and are capable of carrying 1 ma. 
The structure of the test jig carrying 
the electrodes used by the authors is 
shown in Fig. 2. 

A smooth, chromium-plated steel 
sphere, } in. in diameter was used as the 
exploring electrode for most of the volt- 
age breakdown tests. During a number 
of preliminary tests it was noted that 


od 


and with 4.410 lb. (2000 g.) on the ex- 


ploring electrode. 


With the specimen in place and the 
electrodes properly in contact with it, 
the dial of the “Variac” was turned 
slowly and smoothly, building up the 
voltage at such a rate that the needle of 


METHOD OF TEST 
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the voltmeter could follow the voltage of the flat test panels and averaged i 
change without lag. When breakdown obtain the values listed in Table I. 
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Fic. 3.- Relation of Anodizing Time and Current Density to Breakdown Voltage. 
10 per cent H2SO,. 


THICKNESS OF OXIDE COATING, IN. 


BREAKDOWN VOLTAGE 


Fic. 4.—Relation of Thickness of Water-Sealed Oxide Coatings to Breakdown Voltage. 
10 per cent H2SO, at 95 F. Current density 14.4 amp. per sq. ft. 


was reached, the needle dropped to zero Test Specimens: “ie 
or some other low value. The maxi- The specimens employed in this in- 
mum reading of the voltmeter was taken vestigation were anodically oxidized by 


as the breakdown voltage. Twenty- thecommercially used Alumilite process, 
five breakdown measurements were ——— 
2Protected by patents owned by the Aluminum 


made on representative areas of each Company of America. 
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and after the voltage breakdown tests 
were subjected to the abrasion tests de- 
scribed in a companion paper by H. G. 
Arlt.? 

Most of the above specimens consisted 
of 7'g-in. panels which were polished with 
Tripoli and Learox No. 304 polishing 
compound and were degreased with 
acetone just prior to anodizing. In 
addition, a number of washers were 
tested which had been anodized for an 


breakdown voltage, while curve 2 shows 
the breakdown voltage as a function of 
current density at a constant coating 
time of 30 min. In Fig. 4 the 
breakdown voltage is plotted against 
thickness of the water-sealed oxide 
coatings. Measurements of the oxide 
films with a calibrated high-powered 
microscope showed that the thickness 
is essentially a linear function of the 
anodizing time up to approximately 40 
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Fic. 5.—Relation of Thickness of Coating to Anodizing Time. 
10 per cent H2SO, at 95 F. Current density 14.4 amp. per sq. ft. 


earlier study. These washers were se- 
lected as representative of a product 
that had been anodized in racks and 
included the effects of racking, position 
in rack, and dyeing. The specimens 
used in the bending test were made of 
#z-in. 2S sheet aluminum. 
Test RESULTS 

Curve 1 of Fig. 3 represents the rela- 
tionship between anodizing time and 


min. (see Fig. 5). These curves indicate 
that the breakdown voltage has a reason- 
ably linear relation to anodizing time 
and consequently to thickness of coating 
up to a limiting value which for the 
conditions of these experiments seems 
to be about 40 min. Beyond this 
period the thickness is likely to be ir- 
regular and unreproducible. Although 
coatings of thicknesses less than 0.0002 


967. in. have not been included in this study, 
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it is believed that breakdown values in 
the lower ranges of thickness are apt to 
be erratic owing to contact difficulties 
that are likely to arise. The straight 
line of curve 2 likewise indicates that 
the rate of formation of the oxide coating 
is a direct function of the quantity of 
current (coulombs) passed through the 
cell, and bears in this respect a re- 
semblance to the electrolytic deposition 
process for metals. The low value of 
the 50-min., chromate-sealed specimen 
lacks at present a satisfactory explana- 
tion. Check tests on duplicate samples 
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Effect of Pressure: 


The contact pressure study on 2S-3H 
(half hard) and 2S-O (soft) aluminum 
alloys yielded the following results, 
which are also shown in Fig. 6: 


Panel Noload 1000 g. 


Soft alloy 1S 480 v. 180 v. 
3S 940 v. 400 v. 
5S 1020 v. 700 v. 


Half-hard alloy. . 530v. 210 v. 


870v. 490v. 
SW 1000 v. 750 v. 


These values indicate that for the 
thinner oxide films, as represented by 
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Fic. 6.—Results of Contact Pressure Study on 2S-3H and 2S-O Aluminum. 


have, however, confirmed the original 
result. The values obtained with the 
sample panels anodized in the high 
acid bath show that an increase in oper- 
ating temperature is detrimental to the 
dielectric strength of the oxide film. 
Microscopic thickness measurements 
showed that the oxide film on 3W1 is 
0.00058 in. against 0.00045 in. for the 
3W2 specimen. This seems to indicate 
that a looser coating is produced at a 
higher temperature. 


1S, 3S, 1W and 3W, doubling of the 
pressure on the exploring electrode has 
no significant effect; only in the range of 
thicker films (5S and 5W) is there a no- 
ticeable difference. As was to be ex- 
pected, the values obtained with the 
unloaded electrode are of greater mag- 
nitude. Noteworthy is the fact that 
the hardness of the base metal has little 
influence on the breakdown of the anodic | 
coating. The fairly constant slope of 

curves 2 and 5, Fig. 6, seem to indicate 
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that a 1000-g. load on the exploring 
electrode is the optimum pressure to be 
employed, in view of the fact that thick- 
ness of oxide coating is proportional to 
anodizing time. 

In order to obtain an idea of the pres- 
sure per square inch and the extent to 
which the panels were being dented with 
the variously loaded electrode, micro- 
scopic measurements of the contact im- 
pressions were made, yielding the fol- 
lowing results: 


Approxi- 

Actual | Diameter 

Pressure, |of Impres- 
sion, in. 


It is of interest to note that while the 
load on the electrode was doubled, the 
actual pressure per unit area remained 
approximately the same; the depth of 
the impression, on the other hand, 
doubled in value when the load was in- 
creased from 1000 g. to 2000 g. As has 
been seen, the effect on the breakdown 
resistance obtained by doubling the 
dead load on the electrode becomes no- 
ticeable only in the case of thicker coat- 
ings. 


Effect of Bending: 


In order to determine the effect of 
bending of the oxide film on its break- 
down resistance, the following tests 
were made. Polished 4 by 6 by gs-in. 
2S-O (soft) aluminum alloy panels 
were treated in accordance with the 
methods outlined under 1W to 6W, in- 
clusive. These — were bent on a 


conical mandrel machine* and tested 
for voltage breakdown in situ using the 
small spherical exploring electrode. 
Check readings were made on the areas 
represented by the following mandrel 
sizes: } (sharpest bend), 3, ?, 1% and 
14 in. (minimum bend). Below are 
listed the results obtained from these 
tests: 


Breakdown Voltage 


-in. | 1%-in. | 1%-in. 
| Mandrel | | 


204 
225 
250 
300 
300 
300 


® The results obtained on the %-in. mandrel were in 
every case arg coe en with one or more zero readings, 
indicating that P ysical contact had been made with the 
underlying metal. The positive values obtained at this 
point were in general of the same order of magnitude as 
those obtained on the %-in. mandrel. 


The comparatively low and almost 
uniformly equal values of the voltage 
breakdown resistance over the entire 
thickness range, as compared to the 
progressively higher values for flat 
specimens, suggest the possibility that 
in effect what is being measured is the 
arcing voltage of the air gaps produced 
by cracking of the film. To partially 
verify this assumption, discharge volt- 
ages of two small air gaps were measured 
—approximately 0.0002 and 0.0004 in. 
in width. The following results were 
obtained: 

For the 0.0002-in. gap: For the 0.0004-in. gap: 

= 
Jul) 


Since these dimensions are of the order 
of magnitude of the thickness of oxide 
coatings, it is reasonable to assume that 
the air-gap hypothesis is partially cor- 
rect. Values of the same magnitude 

4H. G. Arlt, “Study of Conical Mandrel Test for At- 


tached Lacquer Films,” ASTM Butetw, No. 89, Decem- 
ber, 1937, p. 5. 
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were obtained by Loeb® for spark dis- 
charges in nitrogen. 

In addition to the breakdown meas- 
urements made with the small spherical 
electrode, several measurements were 
made with a tinfoil electrode 1 in. square, 
exerting a pressure of 4.22 psi. In- 
timate contact with the oxide coating 
was obtained by placing a sponge rub- 
ber cushion between the foil and the 
pressure-exerting weight. The treat- 
ment coded 3W was used for this experi- 
ment and gave the following results 


averaging the results. 


The results described in the preced- 
ing pages are average values of a limited 
number of readings and are in view of the 
fair constancy, satisfactory within the 
limitations of the method. However 
in view of the large amount of data 
which could be obtained by this pro- 
cedure, it is felt that a statistical analysis 
should afford a better picture of the 
distribution as well as of the range of the 
values than can be obtained by merely 
As an illustra- 
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A-DYED (RACKED) WASHERS 
B-UNDYED (RACKED) WASHERS 
C-UNDYED (ANODIZED INDIVIDUALLY) WASHERS 
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MIO-CELL VALUES, V. 


Fic. 7.—Distribution of Breakdown Voltages. 


which confirm in a measure those ob- 
tained with the small steel-ball elec- 
trode, but it must be borne in mind that 
these values are minima and not average 
values and are not therefore directly 
comparable: 


500v. v. 


5L.B Loeb, “The Problem of the Mechanism of Static 


Spork, Discharge,” Reviews of Modern Physics, Vol. 8, p. 


part of the investigation. 


tion of such a statistical analysis the 
following is presented. 

The anodically oxidized washers pre- 
viously mentioned were used in this 
The method 
of analysis employed here is that de- 
scribed by Shewhart® which consists in 
grouping values of a certain range in 
so-called cells and plotting their mid- 
values against the frequencies of the ob- 
served values in each cell. From an 

6W. A. Shewhart, ‘‘Economic Control of Quality of 


Manufactured Products,’’ Chapters VII and VIII, D. van 
Nostrand Co., New York, N. Y. (1931). 
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a inspection of the curve thus obtained, 


the distribution of values is readily 
ascertained. A narrow banded, steep 
peak is indicative of a good distribution 
of close-valued figures. Figure 7 shows 
a composite plot of three curves for 
comparison purposes. In addition to 
the graphical representations of the 
results, the arithmetic mean value for 
each individual sample and the standard 
deviation may be computed from the 
mid-cell values and the observed fre- 
quencies. Also, a calculation has been 
made of the percentage of the values 
lying within the range of the arithmetic 
mean plus and minus the standard devi- 
ation. 

The washers were in three groups of 
seventeen each, one group having been 
anodized and sealed in boiling water, a 
second group dyed with Alizarin Red S, 
while a third group was composed of 
individually anodized and water-sealed 
washers. Twenty breakdown measure- 
ments were made on each washer, using 
the }-in. ball electrode and a load of 
about 1000 g. 


Deviation 
in Cells 
from o*, 


Mid-Cell 
Value, v. 


0 


~ This means the unit deviation from the mid-cell 
value of the first cell, ¢. 


Sample Calculations: 


The arithmetic mean, X, is given by 


where M = the unit per cell 


3103 
then: X = 310 + 340 <X 40 = 675 v. 


The standard deviation, a, is given by 


2 
where = — and = 


31,372 _ (3103 
then: = 40 X 340 ea 


The percentage of the values lying 
within the range X + o (560 and 800 v.) 
has been found to be: 


Values between X +o 248 


= — = 73.0 
Sy 340 per cent 


By using the same method of calcula- 
tion for all three groups the following 
results are obtained: 


4, Arith-Stand- Value 
a metic ard Within 
Mean, Devia- Range, 


»v. tion, X¥ +o, 
¢, Vv. per cent 
Undyed racked washers 675 120 8673.0 
Dyed racked washers 119 = 76.1 
Undyed individually ano- 
dized washers 698 108 69.8 
The steepness and the similarity of 
shape of the curves in Fig. 7 are indica- 
tive of a satisfactory and fairly equal 
distribution of values around a mean 
value in all cases investigated. A fur- 
ther quantitative indication of the 
satisfactoriness of the distributions is 
evidenced by the values of the arith- 
metic mean, the standard deviation, 
and percentage of values lying between 
X + o computed from the group data 
for each individual condition. 


The authors have endeavored to show 


that the thickness of coatings on an- 


CONCLUSION 
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Observed 
Frequency] XY xy 
310... 1 0 0 
350... 4 4 4 
390... 2 14 28 56 
430... 3 5 15 45 
470... 4 5 20 80 
io 510.... 5 18 90 450 
550... 6 16 96 576 
590... 7 35 245 1715 
4 630... 8 28 224 1 792 
670... 9 41 369 3 320 
710... 10 49 490 4 900 
3 750... il 41 451 4 960 
790... 12 41 492 5 910 
. 830... 13 20 260 3 380 
870... 14 13 182 2 548 
; 910... 15 7 105 1 124 
: 950... 16 2 32 512 
<<. 


On ELEcTRICAL BREAKDOWN OF ANODIC COATINGS ON ALUMINUM 


odically oxidized aluminum articles can 
be satisfactorily evaluated by means 
of a rapid, practically non-destructive 
method. While it cannot be regarded 
as a primary means of measuring the 
thickness it should be looked upon 
mainly as a “checking” of the finish on 
anodized parts without too much labor 
and loss of time. It furthermore should 
be noted that only one alloy has been 
investigated and that the oxide coatings 
were produced on polished surfaces 
only. 

Undoubtedly different alloys and 
surface preparations are likely to have a 
marked influence on the breakdown re- 
sistance of the oxide coatings. A com- 
prehensive study of the subject should, 
therefore, include all these variables. 
Although, for obvious reasons, the pres- 
ent investigation had to be limited in its 
scope, it indicates the applicability of 
this method of evaluating thicknesses 
of oxide coatings to all conditions. 

As a of ‘this the 


987 


authors now employ voltage breakdown 
in the laboratory as a routine means of 
checking the thickness of aluminum 
oxide coatings with satisfactory results. 
A number of measurements on a sample 
can be taken and averaged within a few 
seconds as compared with the much | 
longer time required by other methods. 
For greater precision a calibration is made 
for the particular conditions under which 
the samples have been finished, but for 
general work a rough factor of 93 v. per 
0.0001 in. has been used. It has been 
found that the thicknesses obtained by 
this method are generally well within 10 
per cent of the values determined with 
the microscope. Care must be taken 
to avoid measurements too near an edge 
or at some point where the coating has 
been subjected to bending or to base 
conclusions upon too small a number of 
measurements. In most cases the meas- 
urements can be made without destroy- 


ing the sample by proper selection of the 


point at which the test is applied. 
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TESTS OF 106 COMMERCIAL CEMENTS FOR SULFATE RESISTANCE! 

By Datton G. MILLER? AND W. MANSON® 23 
te 
SYNOPSIS 


Results of 5-yr. sulfate resistance tests of 5724 concrete cylinders, 2 by 4 in., 
made of 106 commercial cements from 74 mills are recorded in this report. 
Ww Some of the cylinders were continuously stored in the laboratory in 1 per cent 


ay ‘a solutions of magnesium sulfate (MgS,), some in 1 per cent solutions of 

_ sodium sulfate (NagSO,), and some in the water of Medicine Lake, S. Dak. 

_ During the 5-yr. period, the water of this lake averaged 12 per cent total 

salts, of which two-thirds were magnesium sulfate and one-fourth sodium 

sulfate. Resistance of the specimens stored in the laboratory solutions was 

determined by length changes while resistance of the Medicine Lake cylinders 

was determined by strength ratios calculated from compression tests at 1 and 5 

yr. of the Medicine Lake cylinders and cylinders stored in tap water in the 
laboratory. 

The many tests and chemical analyses indicate close correlation between 

sulfate resistance of the cements and the percentage of the calculated com- 


74 mills. 


pound tricalcium-aluminate. 


This progress report covers results of 
5-yr. tests of 5724 concrete cylinders 
made of 106 commercial cements from 
The experiments, while orig- 
inally planned to aid in the general 
improvement of farm drain tile, have a 
wide application to all other types of 


- construction in which portland cement 
- concretes and mortars, in service, must 


resist the action of soils or waters rich 
in sulfates. 
Test Specimens.—The specimens on 


1 Paper No. 1821, Scientific Journal Series, Minnesota 
Agricultural Experiment Station. 

2Senior Drainage Engineer, Division of Drainage, 
_ Soil Conservation Service, U. S. Department of Agricul- 
ture, in charge of laboratory at University Farm, St. Paul, 
Minn., conducted under a cooperative agreement of the 
Soil Conservation Service of the U. S. Department of 
Agriculture, the Agricultural Experiment Station of the 
University of Minnesota, and the Division of Drainage and 
Waters of the Department of Conservation, State of 
Minnesota. 

* Research Instructor, Division of Agricultural Engi- 
neering, Department of Agriculture, University of Minne- 
sota, St. Paul, Minn. 


which the work is based were cylinders 
2 in. in diameter and 4 in. long. The 
aggregate had a fineness modulus of 4.67 
and weighed 124 lb. per cu. ft., dry- 
rodded. All cylinders were of a 1:3 mix 
with a relative consistency of 1.00 and 
a water-cement ratio of 0.62 to 0.66, 
corresponding to about 4.75 gal. per bag 
of cement. All cylinders exposed to the 
laboratory solutions were immersed in 
the solutions at 21 days, following curing 
in the moist closet for 24 hr. and water 
for 20 days. The Medicine Lake cylin- 
ders were similarly cured plus 35 days 
in air in the laboratory. 
Exposure.—Five cylinders of all ce- 
ments were continuously stored in the 
laboratory in 1 per cent solutions of 
magnesium sulfate (MgSO,), 5 cylinders 
in 1 per cent solutions of sodium sulfate 
(NaeSO,), and 20 cylinders 4 ft. deep in 
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On SULFATE RESISTANCE OF CEMENT 


TABLE I.—RESULTS OF TESTS MADE IN CONNECTION WITH THE DETERMINATION OF SULFATE 
RESISTANCE OF THE 106 CEMENTS OF TABLE II. 


The 106 cements in the 11 groups are arranged in descending order of resistance based on averages for the three ex- 


posure conditions. 


Figures in the months columns of the expansion results indicate the time required to increase in length 0.01 in 


Figures in parentheses indicate percentage of normal strength of the Medicine Lake cylinders based on parallel tests 
of cylinders from the same batches stored in tap water. 


Test results of cylinders are in all cases averages for 5 cylinders made on different days. 


| 


Strength Tests 


Expansion Tests 


Tension Tests 
of Standard 
Briquets, psi. 


Compression Tests of 2 by 4-in. Cylinders, psi. 


Increase in Length of 2 by 4 in. 
Cylinders Stored in Laboratory 
Solutions 


Moist Closet 


Tank Specimens [Medicine Lake Specimens| Pergsmt | Ret cent 


Na2SOx 


inch 


8010 (83) 
8050 (89) 


8120 (100) 
6720 (88) 
8510 (105) 


8833883888 


8838883383 


7550 


| 


g 


Group 2 


Ssssssssss 


| 


| 


8 


ee 


Group 1 
1584....| 611...| 260 | 335 | 390 | 4310 | 6160 | 9600 | 8710 po 7410 (85) | ¢ : SA. 
1599....| 631...| 310 | 370 | 445 | 4680 | 5120 | 9040 | 8750 8030 (92) | ¢ — 
1551....| 531...| 185 | 255 | 355 | 2810 | 5230 | 8130 | 8940 | 7 ) | 7820 (88) | ¢ 4 a ; 
1511....| 405...| 275 | 340 | 415 | 4030 | 5820 | 7120 |.8490 | 7060 (99) | 6720 (79) | ¢ ut ie 
1568....| 591...] 240 | 295 | 345 | 3910 | 4180 | 7010 | 7660 | 6440 (92) | 6110 (80) | ¢ it > ng a 
1571....| 576...| 200 | ... | 315 | 3220 | 5080 | 6830 | 8370 | 7690 (113) | 6230 (74) | | iS i ; 
1518....| 426...| 240 | 295 | 380 | 3890 | 5370 | 8750 | 9620 | 7820 (89) | 6620 (69) | | pes ee 
1596. ...| 628...| 300 | 360 | 410 | 4410 | 5730 | 8130 | 9440 7860 (83) | ( — ~ an 
1576 ...| 582...| 225 | 295 | 290 | 3770 | 4830 | 7650 | 7980 6600 (83) | | eM ae. 
1580....| 596...| 300 | 375 | 445 | 5130 | 5760 | 8110 | 8730 | 5960 (68) | ( mc 
Average .....| 255 | 325 | 380 | 4020 | 5330 | 8040 | 8670 | MM (95) | 6940 (80) | ‘" Be 
1505....| 387...| 315 | 410 | 445 | 5230 | 5980 | 7380 | 8650 | 6470 (88) | 7020 (81) 4 _ i; 
1593....} 621...| 130 | ... | 460 | 2710 | 4880 | 8450 | 7640 | 8060 (95) | 4810 (63) a 
1506....| 390...| 280 |.325 | 380 | 4400 | 5200 | 7480 | 7690 | 6100 (82) | 6620 (86) . : y F 
1543....] 507...| 275 | 345 | 465 | 4130 | 5940 | 8670 | 9180 | 7610 (88) | 7040 (77) _ 7. 
1583....] 605...; 275 | 305 | 410 | 4300 | 5420 | 8640 | 9150 | 8040 (93) | 6920 (76) . : ; 
1563....] 561... '20 | 430 | 470 | 5010 | 6520 | 7850 | 8380 | 7340 (94) | 5070 (61) 7 
1507....| 393.. 555 | 390 | 445 | 5720 | 6400 | 7670 | 7850 | 5910 (77) | 4900 (63) | : ‘5 
S 1537....| 489...| 255 | 300 | 370 | 3880 | 5630 | 7780 | 9000 | 7290 (94) | 5930 (66) | & --. 
1554....| 543...| 250 | 370 | 400 | 4800 | 6040 | 8600 | 9310 | 8060 (94) | 6240 (67) | 
e 1547....| 516...| 295 | 355 | 445 | 4920 | 6680 | 7480 | 9050 | 7570 (101) | 6360 (70) 2€ 
/ 
Average .....| 275 | 360 | 430 | 4510 | 5870 | 8000 | 8590 | 7250 (91) | 6090 (71) | 0 | . 
Group 3 
| 1503....} 381...| 220 | 315 | 385 | 3690 | 5970 | 6840 | 7000 | 6550 (96) | 6040 (86) | | sas, “ea 
: 1579....| 608...| 235 | 305 | 410 | 4780 | 6160 | 8960 | 8770 | 7350 (82) | 5460 (62) aj y 
1546....| 513...| 265 | 375 | 385 | 4150 | 5080 | 7800 | 8190 | 7190 (92) | 5690 (70) ms 
? 1523....| 441...] 275 | 360 | 430 | 4000 | 5520 | 7700 | 9390 | 5990 (78) | 2810 (30) a 7 
4 1552....| 534...| 375 | 445 | 485 | 5390 | 6670 | 9120 | 9160 | 7320 (80) | 4920 (54) aA ; 
1508... .| 396...| 350 | 390 | 460 | 5790 | 6130 | 5810 | 8980 | 6890 (119) | 3480 (39) “oe ms 
e 1548....| 519...| 425 | 475 | 465 | 6060 | 6680 | 8140 | 9410 | 6780 (83) | 4550 (48) 7 7 
1553....| 540...| 220 | 310 | 345 | 4870 | 5950 | 8360 | 8740 | 7070 (85) | 2350 (27) An — £a 
n 1550....| 528...| 245 | 355 | 425 | 4400 | 5930 | 7940 | 9180 | 7230 (91) | 4720 (52) oa 
g 1502....| 378...| 285 | 345 | 430 | 4800 | 6020 | 6820 | 9120 | 5480 (80) | 3210 (35) a 
“4 Average .....| 290 | 370 | 420 | 4790 | 6010 | 7750 | 8790 | 6790 (89) | 4320 (S50) a eel t _ 
Group 4 
” 1520....| 432...| 260 | 315 | 330 | 4120 | s6so | 7890 | 8sso | 6290 (80) | 3590 (42 | f ae 
1536... .| 486...| 235 | 325 | 370 | 3780 | 5650 | 6800 | 8230 | 6640 (98 4960 (60 i” ; 
1566....| 570...| 420 | 520 | 500 | 6920 | 7290 | 8190 | 8820 | 7120 (87 3600 (41 ; eo 
= 1524....| 444...| 430 | 420 | 445 | 5140 | 5890 | 7600 | 6520 | 5990 (79 1570 (24 == : oe 
1521....| 435...| 240 | 325 | 365 | 3860 | 5220 | 6920 | 8740 | 5830 (84 3070 eo - on 
e 1549....| 525...| 305 | 380 | 410 | 5290 | 5910 | 8420 | 9580 | 7900 tas 4720 (49 55 . a 
f 1514....} 414...] 265 | 375 | 395 | 5320 | 6780 | 7560 | 7930 | 6410 (85 1290 (16 = e 
) 1587....| 614...| 240 | 320 | 440 | 4340 | 6010 | 8310 | 8080 | 5890 (71) 660 (8) ' ie 
‘s 1532....| 474...| 325 | 380 | 415 | 5050 | 5690 | 7900 | 7840 | 7210 (91) | 3410 (44) 55 57 p t4 
1531....| 471...| 280 | 335 | 395 | 4420 | 5080 | 8160 | 8000 | 6090 (75) | 4220 (53) 53 56 a. 
: Average .....| 300 | 370 | 405 | 4820 | 5920 | 7780 | 8230 | 6540 (84) | 3110 (37) “Gs 
(Continued on p. 990) 


MILLER AND MANSON 


TABLE I.—Continued. 


Strength Tests 


Expansion Tests 


Tension Tests 
of Standard 
Briquets, psi. 


Compression Tests of 2 by 4-in. Cylinders, psi. 


Increase in Length of 2 by 4-in. 
Cylinders Stored in Laboratory 
Solutions 


Moist Closet 


Tank Specimens Medicine Lake Specimens 1 per cent 1 per _cent 


MgSO. Na2SO, 


‘ 
— 
> ne 
n n 
—-4567....| 590...| 225 | 310 | 375 | 3750 | 4880 | 7260 | 7160 | 5890 (81) | 2350 (33) 53 | 0.005 1618. 
——-4564....] 564...| 215 | 320 | 390 | 4120 | 5760 | 9240 | 8690 | 6570 (71) | 2790 (32) 57 55 1609 
4844. °2:| 498. °-| 425 | 440 | 460 | 5720 | 6530 | 8440 | 8930 | 7390 (88) | 2290 (26) | 0.006 53 1623 
P 504°. | 624...| 250 | 245 | 385 | 3980 | 5870 | 7030 | 8310 | 6300 (90) | 2430 (29) Si | 0.005 1582 
-1512....| 408..:| 310 | 375 | 455 | 4800 | 6590 | 7200 | 7170 | 6040 (84) | 2700 (38) 46 60 1621 
——— 4504....] 384...} 255 | 350 | 405 | 4440 | 6300 | 7260 | 8680 | 6120 (84) | 2640 (30) 60 43 1573 
mS 1558....| 546...| 275 | 345 | 395 | 5030 | 6120 | 8890 | 8180 | 5920 (67) | 2180 (27) 55 49 1617 
1545....| 510...| 245 | 350 | 415 | 4200 | 5230 | 8110 | 7970 | 7160 (88) | 1960 (25) 54 51 1500 
1555....| 462...| 320 | 370 | 425 | 4770 | 7100 | 9310 |10030 | 7880 (85) | 1710 (17) 51 55 1575 
1562....| 558...| 260 | 350 | 405 | 4160 | 6000 | 8040 | 9100 | 6710 (83) | 1570 (17) 54 51 1560 
_ Average .....| 275 | 345 | 410 | 4500 | 6040 | 8080 | 8420 | 6600 (82) | 2260 (27) ~ 
-—--4570....| 573...| 280 | 370 | 385 | 4270 | 6190 | so00 | 9420 | 6540 (82) | 1420 (15) 54 1641 
-4527....| 453...| 265 | 360 | 400 | 4920 | 5920 | 6570 | 8450 | 5500 (84) | 1320 (16) 46 1874 
1509....| 399...| 295 | 350 | 390 | 4650 | 5840 | 6630 | 8130 | 8290 (125) | 1020 (13) 46 1513 
: 1565....| 567...| 335 | 380 | 410 | 5240 | 6430 | 8370 | 8200 | 6850 (82) | SSO (7) 48 1S01 
A 1522....| 438...| 255 | 345 | 405 | 4260 | 5520 | 6400 | 7860 | 5750 (90) 0 53 1631 
——«4561....| 555...| 325 | 405 | 425 | 5960 | 6980 | 8410 | 8120 | 6270 (75) 0 39 1534 
1581....| 599...| 290 | 340 | 405 | 5450 | 6120 | 6610 | 6620 | 5630 (85) 0 48 1544 
: 1559....| 549...| 370 | 410 | 375 | 5360 | 6940 | 7620 | 7870 | 5670 (74) 0 47 S15 
«45 40..-:} 402.::} 240 | 370 | 405 | 4850 | 6180 | 7430 | 9030 | 5270 (71) 0 42 a0 
————-4557....] 465...| 290 | 355 | 375 | 4450 | 5860 | 8740 | 9500 | 6590 (75) 0 41 1519 
i” Average .....| 295 | 370 | 400 | 4940 | 6200 | 7480 | 8320 | 6240 (84) | 490 5 48 | 46 "A 
Group 7 
-———--4§39....] S01...| 290 | 375 | 400 | 5610 | 6890 | 7880 | 8860 | 6700 (85) 47 37 1572 
1538....| 492...| 315 | 365 | 440 | 4930 | 6480 | 7880 | 8180 | 5900 (75) 47 44 1530 
A 1591....| 619...| 280 | 345 | 400 | 3760 | 4720 | 7460 | 8120 | 6030 (81) 43 41 1615 
«4529... | 459...| 320 | 400 | 405 | 5430 | 6350 | 7210 | 8590 | 5970 (83) 41 43 1598 
Ee 1517....| 423...| 255 | 355 | 420 | 4140 | $320 | 6410 | 8610 | 5010 (78) 38 40 1625 
«440... :] 495...| 260 | 315 | 355 | 4500 | 5950 | 8190 | 8910 | 5720 (70) 42 27 1535 
477. 260 | 355 | 385 | 5280 | 6260 | 8050 | 8910 | 6150 (76) 37 27 
497... | 629...| 385 | 490 | 505 | 5930 | 8730 | 9100 | 8090 | 6380 (70) 34 37 
—--4526....| 450...| 370 | 420 | 440 | 4600 | 4910 | 6160 | 7140 | 4200 (68) 35 29 AY 
1856... | 552...| 435 | 505 | 445 | 5490 | 7320 | 7810 | 8010 | 5060 (65) 37 26 — 
: Average .....| 315 | 395 | 420 | 4965 | 6290 | 7620 | 8340 | 5710 (75) a | 40 35 Me 
——-4516....| 420...| 380 | 410 | 430 | 5770 | 6410 | 7220 | 7700 | 4710 (65) 35 34 age 
4626... :| 663. ..| 230 | 360 | 415 | 4420 | 5780 | 5960 | 7140 | 5420 (92) 31 24 
—«4525....| 447...| 280 | 360 | 385 | 5060 | 6020 | 7370 | 8690 | 5190 (70) 30 29 cer 
————--4632....| 669. ..| 320 | 410 | 435 | 5370 | 6200 | 7500 | 7460 | 4630 (62) 33 27 
«4888... .| 615...| 250 | 305 | 405 | 4270 | 5580 | 7690 | 7510 | 4460 (58) 30 41 ma 
492... | 620...| 310 | 365 | 435 | 4980 | 6270 | 7340 | 8170 | 5540 (75) 28 27 dix 
: 1590....| 618...| 340 | 400 | 440 | 5660 | 6560 | 8430 | 7680 | 6280 (74) 25 31 
1595....| 627...| 270 | 310 | 425 | 4190 | 5860 | 8130 | 8240 | 6340 (78) 27 18 mi 
i 1528....| 456...| 340 | 380 | 395 | 5820 | 6270 | 7050 | 7940 | 4310 (61) 30 26 : 
1542....| 504...| 265 | 340 | 420 | 4290 | 5330 | 8030 | 9970 | 5150 (64) 29 17 ; 
_ Average .....| 300 | 365 | 420 | 4980 | 6030 | 7470 | 8050 | 5200 (70) a | 30 21 tan 
7 (Continued on p. 991.) by 


On SULFATE RESISTANCE OF CEMENT 


TABLE I.—Continued. 


Strength Tests 


Expansion Tests 


Tension Tests 
of Standard 
Briquets, psi. 


Compression Tests of 2 by 4-in. Cylinders, psi. 


Increase in Length of 2 by 4-in. 
Cylinders Stored in Laboratory 
Solutions 


Moist Closet Tank Specimens 


1 per cent 


1 per cent 
MgSO. 


Medicine Lake Specimens| 


coooococeco 


1572....| 593... 
1530....| 468... 
1615....| 680... 
1598... .| 630... 
1625....| 662... 
1535....| 483... 


Average ..... 


Medicine Lake, 18 miles northwest 
Watertown, S. Dak. This lake aver- 
aged, during the 5-yr. period, 12 per 
cent total salts of which two-thirds were 
magnesium sulfate and one-fourth so- 
dium sulfate, the remainder being a 
mixture of various other salts. 

Method of Measuring Sulfate Resis- 
tance.—Resistance of the cylinders in 
the laboratory solutions was determined 
by length changes measured to 0.0001 in. 
by an Ames dial apparatus. Any cylin- 
der that increased ihe length by as much 


| 


.01 in. was assumed to have com- 
pletely failed and the corresponding age 
in months recorded. Resistance of the 
Medicine Lake cylinders was deter- 
mined by strength ratios at 1 and 5 yr. 
based on strengths at 1 and 5 yr. of 
cylinders stored in tap water in the 
laboratory. All length changes and 
compression tests, as recorded, are 
averages for 5 cylinders made on different 
days. Equal weight was given results 
of the three tests, namely, (1) length 
increases of the cylinders in Oy the 1 per 
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TABLE III.—Continued. 
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cent MgSO, solutions, (2) length in- Lake cylinders and also the expansion 
creases of the cylinders in the 1 per tests of the cylinders in the laboratory 
cent NaeSOu., and (3) strength ratios of solutions. In Table II are recorded the 
the Medicine Lake cylinders. The ce- oxide analyses, calculated compounds, 
ments were rated from best to poorest, and fineness determinations of the 
from 1 to 106, under each test and the cements while the essential data of 
ratings for each cement totaled; there- Table II are summarized in Table III. 
fore, the cement with the lowest total The 106 cements in the eleven groups 
scored highest in resistance. An ad- of the tables are arranged in descending 
mitted weakness of the work is the fact order of resistance, as determined. 
that only one or two lots of each cement Chemical analyses and fineness deter- 
were tested. On the otherhand,numer- minations of these cements were made 
ous cements closely comparable in in 1935 to 1937 for the Bureau of 
chemical composition were tested so Agricultural Engineering of the U. S. 
that the lack of repeat tests of individual Department of Agriculture by the Na- 
cements is fairly well compensated sofar tional Bureau of Standards, which 
as trends are concerned. reported as follows regarding details of 
Explanations Regarding Tabulated the analyses: 
Data.—In Table I are recorded results Ferrous Oxide (FeO).—‘‘Determined 
of the compression tests of the Medicine _ by dissolving the sample in hydrochloric 
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acid in an atmosphere of carbon dioxide 
and titrating with dichromate.” 

Free Lime.—‘“Determined by the 
method of Lerch and Bogue modified 
by the addition of barium chloride.” 

Percentage Retained on No. 325 sieve. 
—‘Determined by wet method as pre- 
scribed in Wagner Turbidimeter Pro- 
cedure.” 

Surface Areas.—‘‘Determined with the 
Wagner Turbidimeter.” 

The compounds of the cements were 
computed as outlined by R. H. Bogue 
in Paper No. 21, “Calculations of Com- 
pounds in Portland Cement,” issued by 
the Portland Cement Association Fellow- 


However, under the Conditions imposed, 
the cements of group 1 of Table I were 
definitely five or six times as resistant 
as those of group 11, while indications 
warrant the assumption that ultimately 
this difference will be ten or twelve 
times. Figure 1 illustrates the general 
uniformity of results obtained by the 
three conditions of exposure and also 
shows that the sulfate resistance, as 
determined, is further evidenced by the 
appearances of the specimens. It will 
be seen that the cylinders of series 1584 
show only slight action while the Medi- 
cine Lake cylinders of series 1531 are 
definitely deteriorating, with one cylin- 


TABLE IV.—NUMBER OF CEMENTS IN EACH OF THE ELEVEN GROUPS OF TABLE II WHICH WOULD 
MEET SPECIFICATIONS WITH A MAXIMUM LIMIT OF ALUMINUM OXIDE OR 
TRICALCIUM ALUMINATE AS INDICATED. 
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ship at the National Bureau of Stand- 
ards. Throughout this report the 
cement compounds are designated by 
commonly accepted abbreviations as 
follows: 
Compound 

Tricalcium silicate 
Dicalcium silicate 
Tricalcium aluminate 
Tetracalcium alumino-ferrite 

A wide difference in resistance to 
sulfates was displayed by the 106 ce- 
ments. It is not possible, at this time, 
to express the difference in ratios as the 
tests have not continued long enough in 
the case of the more resistant cements. 


der already gone from each of the 
laboratory solutions. Referring to either 
Table I or Table IT it will be noted that 
38 cements separate those two, as rated. 
These photographs were selected as 
fairly representing the visual gradation 
at 5 yr. of the cylinders of groups 1, 2, 
3, and 4. 


CEMENT COMPOSITION AND SULFATE 
RESISTANCE 


The analytical data of Table II have 
been summarized in Tables III and IV 
for greater convenience of study. The 
data of Tables III and IV reveal a few 


significant 
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1. Aluminum Oxide (Al,03).—There 
were 26 of the 106 cements in which 
Al,Os did not exceed 4.5 per cent. Of 
those 26 cements, 22 were among the 
30 most resistant of the 106 and none 
were among the 37 least resistant. The 
percentage of this oxide increased con- 
sistently from an average of 4.1 per cent 
for group 1 to 6.3 per cent for group 
11. 

2. Tricalcium Aluminate (3CaO- Al,Os3) 
Hit 


MILLER AND Manson 


the 106 cements. This ratio decreased 
consistently in groups 3 to 11, reaching 
a low of 0.37 in group 11. 

4. Tetracalcium Alumino-Ferrite 
(4CaO- Al,O3- Fe.O3) or as Abbreviated 
(C,AF).—This calculated compound gen- 
erally decreased as resistance decreased, 
averaging 12.0 per cent for group 1 and 
7.1 per cent for group 11. The sum of 
C;:A plus C,AF varied but slightly for 
the eleven groups, the range being 
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Fic. 2.—One Hundred Six Commercial Cements of the Eleven Groups of Table I and II, Ar- 
ranged in Descending Order of Sulfate Resistance, Plotted Against Aluminum Oxide and Trical- 


cium Aluminate Percentages. 


or as Abbreviated (C;A).—There were 
20 of the 106 cements in which this 
calculated compound did not exceed 
5.5 per cent. All 20 of these cements 
were among the 40 most resistant of the 
106 while 16 were among the top 20. 
The average percentage of this calcu- 
lated compound increased consistently 
from 4.5 per cent for group 1 to 12.7 
per cent for group 11. 

3. The ratio of Fe20; to Al,O; averaged 
close to 1.00 for the 20 most resistant of 


between a low of 15.7 per cent for group 3 
to a high of 19.8 for group 11. 
Reviewing all the data here presented, 
it is evident that a close relationship 
exists between the sulfate resistance of 
these commercial portland cements and 
the aluminum oxide (Al,03) content, 
however considered. In Fig. 2 the 
cements of the eleven groups are plotted 
against both Al,O; and the calculated 
compound C;A. These graphs clearly 
show that the relationship to resistance 


i is 
Alot 
S 
tha 
for 
gro 
5, ¢ 
lim: 
con 
me} 
3 Cl 
the 
mx |] 
wh 
cen 
0 4 5 6 10 
sho 
Tati 
Me 
Th 
of 
rat 


SuLraTE RESISTANCE OF CEMENT 


is essentially similar for 4.5 per cent 
Al,Os and 5.5 per cent C;A. 

Study of the data of Table IV reveals 
that a specification limit of 4.5 per cent 
for AlLOs would have passed 8 cements 
each of groups 1 and 2, 6 cements of 
group 3, and 1 cement each of groups 4, 
5, 6, and 7, a total of 26 cements. A 
limit of 5.5 per cent for the calculated 
compound C;A would have passed 9 ce- 
ments of group 1. 7 cements of group 2, 
3 cements of group 3, and 1 cement of 
group 4, a total of 20 cements, while all 
66 cements of groups 5 to 11, inclusive, 
would have been eliminated. 

The evidence, as indicated by the 
tests and analyses of these 106 cements, 
clearly favors use of cements low in the 
calculated compound C;A for sulfate 
resistance. As a matter of fact, there 
were only 3 cements of the entire 106 
that fell very far out of line. One of 
these is cement 516 of series 1547, with 
9.7 per cent C;A, rated last in group 2. 
Nothing in the chemical analyses reveals 
why this cement rated as high in resis- 
tance as it did. Another cement out 
of line is 513 of series 1546, with 0.07 per 
cent C3;A, rated third in group 3. This 
cement carried 5.4 per cent MgO which 
probably accounts for the relatively poor 
showing in the laboratory solutions, as 
rated by expansion measurements, 
although the 5-yr. strengths of the 
Medicine Lake cylinders were fairly high. 
The third cement out of line is 471 
of series 1531, with 4.8 per cent C;A, 
rated last in group 4. This cement was 
the second highest of the 106 cements in 
K,O, with 1.22 per cent. 
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Such studies of the analytical data as 
have been made for this progress re- 
port do not reveal that the alkalies 
(NaO + K,O), free lime, magnesium 
oxide, or the several oxides not ordi- 
narily considered in a cement analysis, 
within the limits of occurrence in the 
106 cements, greatly affected resistance, 
nor did fineness of grinding. Any pos- 
sible influence one or more of the minor 
oxides may have had on resistance is 
obscured by the greater effect of vari- 
ations in the quantity of alumina. How- 
ever, the data need to be explored 
further along this line. 

No consideration, whatever, has been 
given to variables of manufacturing 
practices at the different mills. Here 
again, this factor seems to have been 
overshadowed by the greater influence 
exerted by variations in the quantity 
of alumina. 

Judged by results of the tests as ap- 
plied to the 106 commercial cements of 
this paper, a specified upper limit of 
5.5 per cent tricalcium aluminate would 
come as near to securing cements of 
high resistance to attack by magnesium 
and sodium sulfate as reasonably could 
be expected and, at the same time, would 
eliminate all cements of low resistance. 
It appears sound, therefore, to rely 
chiefly on this chemical approach for 
the selection of a cement to be exposed 
to the action of these sulfates, until a 
short-time laboratory test may be de- 
vised that is of proven greater reliabil- 
ity. 
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THe (Mr. M. A. 
—Referring to Mr. Miller’s diagram 
showing the Relation of C3;A to dura- 
bility, one might point out that com- 
pound composition is not the whole 
answer, and that there must be some- 
thing more to the effect of processing 
than purely chemical composition alone. 
One other point that is extremely inter- 
esting is the fact that Mr. Miller’s sul- 
fate-resistant cements—those in group 1 
and possibly in group 2—were on the 
average high in tricalcium silicate, which 
is directly the opposite to what Commit- 
tee C-1 on Cement has recommended as 
a sulfate-resisting cement. It shows 
that the committee probably will wish 
to review Mr. Miller’s work very care- 
fully and give some consideration as to 
whether to continue to keep the sulfate- 
resisting cement in the low heat - low C;S 
category. 

Mr. P. H. Bates.*—I should like to 
say a few words about the diagram which 
Mr. Miller has presented. Those in 
Committee C-1 who know me, know that 
I very much protest this matter of a 
study of trends and averages to the ex- 
clusion of the exceptions. I think I have 
cited the fact to the members of the 
committee that if we were average hu- 
man beings, we would not be here. We 
are exceptions, hence we are here. After 
the Kentucky Derby has been run and 
Pimlico, etc., is the average horse bought 
for breeding purposes? No, for that 
purpose interest is not in the average 


1 Director of Research, Lone Star Cement Corp., 
Hudson, N. Y. 

2 Chief, ‘Clay and Silicate Products Division, National 
Bureau of ‘Standards, Washington, D. C. 
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ryt 
horse at all, but in the exception—the 
horse that won. 

Here in the diagram you can note the 
trend, but please note the exceptions. 
Note that there are cements of the same 
aluminate content but vastly different 
physical properties; also that some of 
the cements have the same physical 
property but distinctly different alumi- 
nate content. Note particularly that 
one of these cements gave excellent re- 
sistance but is much beyond the alumi- 
nate limit suggested by Mr. Miller. 

Just as in plant development, the aver- 
age plant is neglected in study but atten- 
tion is directed to the “sport,” so in 
cement development and study the same 
should hold. This cement with the high 
aluminate content but excellent resist- 
ance is, according to the trend, a “‘sport” 
cement. It is the one which deserves 
attention. It proves that, if in this in- 
vestigation the cement composition was 
the only variable, it is possible to make a 
high aluminate cement having excellent 
sulfate resistance. Those who are in- 
terested in the production of cements and 
those studying cements for the purpose 
of preparing standards should always 
study the trends only to find the excep- 
tions, then study the unusual good ex- 
ceptions. 

Mr. Darton G. all 
know the old saying that the difference 
between an optimist and a pessimist is 
that one sees the doughnut and the other 
sees the hole. I am going to look at the 
doughnut even if Mr. Bates is going to 

3 Senior Division of Drainage, Soil 


Conservation, U. S Papprtment of Agriculture, Uni- 
versity Farm, St. Paul, 
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look at the hole. I do not believe there 
can be any chemical specification for a 
sulfate-resistant cement that will ever be 
as good as a short-time physical test, or 
possibly a combination of physical and 
chemical tests. Up to the present time, 
no satisfactory short-time test has been 
devised and until that is done chief 
reliance must be on chemical composi- 
tion. There was not bad correlation 
between the behavior of these cements 
and chemical composition; in fact, the 
correlation between sulfate resistance, as 
determined, and chemical composition is 
remarkably close. It is true that there 
are a few exceptions and unquestionably 
the exceptions merit careful study as to 
the causes for the exceptions. 

Mr. F. O. ANDEREGG.*—Two factors 
might be mentioned to explain some of 
the exceptions noted in this paper: the 
size distribution of the cement which 
controls the packing in the paste and the 
amount of glass in the clinker. Two 
cements have received considerable 
study® which seemed to be identical in 
every respect except for the presence of 
a much greater hump in the grading 
curve of one of them. This excess of 
one size caused interference with the 
packing of the cement, so that a greater 
amount of mixing water was needed to 
fill the voids, leaving a more open struc- 
ture in the hardened paste. One result 
was an appreciably greater attack by 
corrosive solutions. 

T. W. Parker of the British Building 
Research Station® has been making a 
study of the effect of the rate of clinker 
cooling on the properties of portland 
cements. Among other things, he ob- 
served that those clinkers, cooled suffi- 
ciently rapidly to have a high glass con- 


Obie Consulting Specialist on Building Materials, Newark, 


Anderegg, Size Distribution of Port- 
land Cement and What It Means,” Rock Products, Vol. 43, 
No. 9, September, 1940, 
W. Parker, of the Heat Treatment of 
Portland Cement Clinker on the Properties of Cement,” 
Journal, Soc. Chemical Industry, Vol. 58, p. 203 (1939). 


tent, yielded cements more resistant to 
sulfate attack than slowly cooled clink- 
ers. He also pointed out that, while 
most commercial clinkers are compara- 
tively low in glass, a few quite glassy 
clinkers are produced commercially. 
Therefore, for proper evaluation of the 
observed results it might seem necessary 
to have information on the glass content 
of the clinkers and on the size distribu- 
tion of the cements used. 

Mr. Ira Pavt.’7—I should like to call 
Mr. Miller’s attention to a laboratory 
test developed in the New York State 
Department of Public Works’ labora- 
tory which may prove of some interest 
in determining the sulfate-resistant prop- 
erties of a portland cement. 

About four years ago I started a series 
of laboratory sulfate-resistant tests on 
154 samples of portlant cement which 
complied with the chemical and physical 
requirements within the range of the 
five types of portland cements now pro- 
mulgated by Committee C-1.8 

Comparative data were obtained on 
each sample of cement with the Merri- 
man sulfate test and the Water Test 
described in a paper presented before the 
Association of Highway Officials of the 
North Atlantic States. Briefly stated, 
the water test on portland cement con- 
sists of treating 1 g. of cement with 
100 ml. of distilled water and quantita- 
tively determining the percentage of floc 
liberated at the end of seven days. The 
details of the test and data are recorded 
in the 1936 Proceedings of the Thirteenth 
Annual Convention of the Association of | 


Highway Officials of the North Atlantic 


States, on page 140, and in 1937 Pro- 
ceedings on page 79. 

The facts and data which may prove of 
considerable interest are the correlation — 


7 Director, Public Works Laboratory, New York State 
Soowes 3 of Public Works, Division of Engineering, 


Anew, 


(C 150-40T), 1940 


plement to Book of A.S.T.M 
Standards, Part II, p. sof 
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between the Merriman sulfate test and 
the water test. Regardless of the chemi- 
cal composition of the portland cement, 
there was a direct relationship between 
the percentage of floc liberated by the 
cement in the water test and the number 
of days at which failure was observed in 
the Merriman sulfate test. The higher 
the percentage of floc in the water test 
the lower the resistance to the sulfate 
action in the Merriman test. However, 
the specified 28 day period required in 
the Merriman sulfate test is insufficient 
to determine the sulfate-resistant prop- 
erty of the cement. Some failures are 
likely to occur at 29 days, and up to three 
months before any reliability can be 
placed on this test. The claims made 
on the water test for measuring the 
sulfate-resistant property of a portland 
cement are as follows: 

. The water test is a quantitative 
test method for determining the 
sulfate resistance of a portland 
cement. 

. Portland cements liberating floc in 
excess of 1 per cent are poor sulfate- 
resistant cements. 

. The sulfate resistance can be deter- 
mined in 7 days, which is within the 
period required for other physical 
and chemical tests. 

. Results of tests are highly repro- 
ducible. 

. The technique of the test is very 
simple, requiring no particular tech- 
nical skill of operation. 

In attempting to tie in the calculated 
percentage of tricalcium aluminate con- 
tent of the cement with the water test, 
it was found that in general the lower 
the C;A the less the floc content. How- 
ever, there were exceptions to this as 
proven with some occasional cements 
that calculated to 13 per cent CsA, which 
showed no floc in the water test and were 
highly resistant to sulfate exposure in 
the Merriman test for a period of over 


a year. Doubtless, there must have 
been some differences attributable to the 
manufacture of such cement to make it 
sulfate resistant. 

It is therefore suggested that the water 
test be tried out by the authors of the 
paper presented at this meeting on the 
cements used in this series of exposure 
tests, for a possible correlation of their 
results with our laboratory test. 

Mr. MILLER.—I was very much in- 
terested to hear what Mr. Paul said. 
We have done very little work with the 
Merriman test, but I have been told by 
others who have run that test repeatedly 
that it did not always correlate with the 
resistance of the concrete as indicated 
by exposure tests. Present plans con- 
template extending the laboratory tests 
to include the Merriman and floc tests 
of these 106 cements, along with other 
physical tests. 

Mr. E. C. E. Lorp® (by letter)—The 
investigations carried out by Ferrari 
indicate that if the clinker contains suff- 
cient iron to combine with all, or nearly 
all, the alumina to form C,AF, a very 
resistant cement results. Considering 
the data from this standpoint it will be 
noted that the average Al,O; of group 1 
equals almost exactly that of Fe20s, 
Fe.0; 
only 0.45 above the molecular ratio of 
0.64 required to form C,AF. This small 
excess, reckoned in per cent, would indi- 
cate a very small quantity of Al,Os avail- 
able for the formation of tricalcium alu- 
minate which, if present, would react 
immediately with the sulfates in the lake 
water to form calcium sulfoaluminate, 
the chief cause of cement disintegration. 
Al,Os 
Fe,03 
it will be noted that the ratio is more 
than twice that of group 1, indicating a 


giving an ratio of 1.09, this being 


Comparing the ratio in group 11 


® Burnham Farm, New Castle, Del.; formerly Petrog- 
rapher, U. S. Bureau of Public Roads; now retired. 
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very large percentage of Al,O; to form 
tricalcium aluminate. This excess alu 
mina might be used as a factor in speci- 
fying cement resistance to alkali. 

Mr. A. G. Fieminc” (by letter).—I 
would like to congratulate the authors 
on the excellent work they have been 
doing on the practical testing of the 
sulfate resistance of the majority of com- 
mercial cements available from the 
United States and Canada. It is in- 
teresting to note that the results of the 
laboratory tests are confirmed in nearly 
every case by the Medicine Lake expo- 
sure. Since the specimens were buried 
4 ft. deep in Medicine Lake they were 
below the frost line and did not have to 
endure repeated freezings in addition to 
the chemical action of the sodium and 
magnesium sulfates. The photographs 
of Fig. 1 show that the exposure in 1 
per cent magnesium sulfate solutions was 
more severe in effect than the 1 per cent 
sodium sulfate solutions, and also the 


Medicine Lake exposure. 

The authors’ own comments on the 
results of their 5-yr. investigation of the 
sulfate resistance of the 106 cements are 


brief and to the point. The significant 
fact to them is that the tests definitely 
lead to the conclusion that there is a 
close correlation between sulfate resist- 
ance of the cements and the percentage 
of the calculated compound tricalcium 
aluminate. 

Not one of the cements tested con- 
tained 24 per cent of silica, and all of 
them would therefore have failed to meet 
the limits for composition proposed for 
type V cement in the new A.S.T.M. 
specifications. The maximum silica of 
the cements under test was 23.6 per cent. 
Three cements contained that percent- 
age, cement No. 576 placed sixth in 
group 1, cement No. 614 placed eighth 
in group 4 and cement No. 594 placed 


10 Canada Cement Co., Ltd., Montreal, 
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sixth in group 9. The authors rate the 
cements of group 1 as five or six times 
as resistant as group 11, and the cement 
that tops the list contains only 22.5 per 
cent of silica, while the second in the list 
contains only 20.4 per cent, and the fifth 
cement 19.9 per cent. It should appear 
from these studies that the arbitrary 
selection of 24 per cent silica as a mini- 
mum limit for a sulfate-resistant cement 
composition is not justified. 

Study of the analyses as compared to 
the performance of the cements under 
the sulfate exposure tests will show no 
satisfactory reason for establishing 4 per 
cent as the upper limit for ferric oxide. 
Ten of the relatively resistant cements 
in the two upper groups contained 4 per 
cent or more. It is advisable perhaps to 
limit the alumina content to 4 per cent, 
but it is the ratio of Fe,O3 to AlyO; that 
is important, and from the writer’s ex- 
perience there is little doubt of the ad- 
vantage gained in better and more uni- 
form burning conditions, especially when 
silica is being carried high, if the ferric 
oxide is carried a little higher than 4 
per cent. A ratio of FesO; to Al.O; of 
1.2 or 1.3, and a limit of 4 per cent Al,Os; 
would be easier to meet and will produce 
a better all-round cement, according to 
our experience, which as far as the pro- 
duction of sulfate resistant cements is 
concerned, began in 1930. 

The authors in their discussion of their 
test call attention to the possible need 
for consideration of the effect of certain 
minor constituents: magnesia and potas- 
sium oxide in particular, and this should 
be food for thought by other investiga- 
tors of the problem. 

The composition of a cement is un- 
doubtedly important and careful analy- 
sis is of great value, but if the limits set 
for composition are unnecessarily diffi- 
cult to meet, there is an unnatural hazard 
set up for good production which may 
result in cement that will meet the com- 
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position limits as determined by chemical 
analysis but will fall short of the good 
qualities of a cement slightly easier to 
manufacture because of the better metal- 
lurgical balance. For example, a cement 
chemist facing a limit of 24 per cent 
silica in his cement will have to allow 
for the reducing effect of the coal ash 
absorbed in the kiln and the gypsum 
added later to the clinker when it is 
being ground to cement. He will have 
some doubt in his mind also regarding 
the analyses made by the customers’ 
chemist so that to make sure of obtaining 
enough for the requirement he is likely 
to make clinker containing about 25 per 
cent silica. The chemist is also re- 
stricted by the 4 per cent limits set for 
alumina and ferric oxide and in meeting 
these requirements he is likely to produce 
a mix deficient in flux content and hence 
may supply the cement kilns with a 
refractory mix difficult to burn and hard 
on kiln linings. Indeed that is the 
writer’s own experience. Under such 
conditions the resulting product may be 
of low strength and contain free lime 
and in general fall short of the desired 
objective. 

Moderately high silica content is ad- 
mittedly desirable, but from our experi- 
ence the limit set for silica in the pro- 
posed type V cement is a little too high 
and the ferric oxide limit is a little low 


from a practical operating viewpoint. 
Is it not advisable to take operating 
experience into consideration in such 
matters when seeking to improve a 
product or certain of its properties? In 
view of the results obtained by the Min- 
nesota investigation it should be evi- 
dent that some modification of the 
composition requirements for type V 
cement is in order, and it is to be hoped 
that the members of Committee C-1 
will give the matter their immediate 
attention. 

Messrs. Datton G. MILLER® AND 
Puitip W. Manson" (authors’ closure by 
letter) —The authors are indebted to 
Mr. Fleming for bringing into the picture 
some of the practical problems encoun- 
tered in the manufacture of a cement to 
meet specifications that may be theo- 
retically sound but which may be diff- 
cult to meet on a quantity basis. 

The quantity of silica for the 106 
cements ranged from 19.0 to 23.6 per 
cent and was uniform with respect to 
quantity and range for each of the eleven 
groups. The average of Al,O;-Fe20; 
ratio showed a definite upward trend 
from 1.09 for group 1 to 2.71 for group 
11, with the cements of the more resist- 
ant groups showing the greatest ranges. 


11 Research Instructor, Division of Agricultural Engi- 
neering, Department of Agriculture, University of Minne- 
sota, St. Paul, Minn. 
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THE INFLUENCE OF TEST METHODS ON MOISTURE ABSORPTION 
AND RESISTANCE OF COARSE AGGREGATE TO FREEZING 


By F. N. Wray! anp H. J. LicHTEretp! 
Because certain coarse aggregates had been approved on the basis of labora- Hig 
tory tests and later found to be responsible for unsoundness of the concrete — 
in pavements, an investigation studying the relative effects of different 
testing procedures was undertaken. 
Preliminary tests made in 1938 on gravel obtained from its natural source 
and frozen while in a stream-wet condition showed severe deterioration which 4 
could not be duplicated by the usual testing procedure. Because of this 
disagreement, a definite program of testing was initiated and numerous meth- 
ods of preparing the aggregate for freezing and thawing were compared. att 
The relative effects of oven drying and air drying on moisture loss and the 
increases in the rate and amount of absorption induced by vacuum treatment 
of the aggregate prior to soaking were investigated. The relation between 
the degree of moisture saturation and the resistance of the material to freezing 
and thawing was studied. 
One of the outstanding results of the investigation was that the A.S.T.M. 
tentative method for freezing and thawing produced less deterioration than 
other methods. 


att 


The Missouri Highway Dept. has _ general the course that the investigation 
been investigating test methods for should follow. 
determining the absorption and sound- The usual procedure employed for 
ness of coarse aggregates for concrete. years in the Missouri Laboratory for 
Certain coarse aggregates which had making the freezing-and-thawing tests, 
been tested according to generally ac- was in agreement with the principal 
cepted procedures, and based on the provisions of the recently approved 
test results adjudged to be sound, were A.S.T.M. Tentative Method of Test for 
later found to be the cause for lack of Soundness of Aggregates by Freezing 
durability of the concrete in pavements. and Thawing (C 137 —- 38 T)? which re- 
Casual observation made several years quires that the aggregate be first oven 
ago and the results of more recent studies dried to constant weight and then soaked 
of the nature and conditions of concrete in water 24 hr. before the start of 
failures that were traceable to unsound- freezing. The results of these laboratory 
ness of that aggregate indicated in tests generally showed little absorption 


and no appreciable deterioration from 
1 Assistant Research Engineer, and Junior Engineer, a ae 
Doorctively, Bureau of Materials, Missouri State Highway % 
t., Jefferson City, Mo. ‘21939 Book of A.S.T.M. Standards, Part II, p. 990. 
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freezing and thawing even for aggregates 
which later were adjudged responsible 
for serious disintegration of the concrete. 

A few preliminary tests on a particular 
gravel obtained at its source and taken 
to the laboratory while in a thoroughly 
stream-wet condition showed, on oven 
drying, moisture losses 25 to 50 per cent 
more than the absorption usually 
obtained. Like samples of the wet 
material subjected to freezing and thaw- 
ing showed astonishing failures at only 
a few cycles. Samples that were dried, 
either in the oven or in the air of the 
laboratory, were found to absorb water 
very slowly; so in order to accelerate 
the absorption, some of the dry material 
was placed in a vacuum for a period of 1 
hr. and then inundated with water be- 
fore normal pressure was restored. This 
treatment at once proved to be very 
effective in increasing the absorption of 
the gravel. Freezing and thawing on 


this evacuated and reabsorbed aggregate 


caused deterioration not much less 
serious than that in the stream-wet 
material at equivalent numbers of test 
cycles. 
Scop9E 

Based on these preliminary facts and 
indications, an experiment was planned 
for the study of the following: 

1. The effects of different treatments 
on the amount and rate of moisture loss 
of a stream-wet or thoroughly saturated 
aggregate. 

2. The effects of different treatments 
on the amount and rate of moisture 
absorption. 

3. The relationship between deterio- 
ration from freezing and thawing and 
the degree of moisture saturation at the 
beginning and end of freezing tests. 

4. The absorptive properties and re- 
sistance to freezing and thawing of 
different sizes of aggregate particles. 

Although the original plan was to 
make comparative tests on aggregates 


of different types, no extensive tests 
including these same methods have as 
yet been employed on any except one 
particular source of gravel aggregate. 
All of the data presented in this report, 
therefore, pertain to this one material. 
The first series of tests, which was 
started in July, 1938, included eighteen 
5200-g. samples, each of which was 
graded and proportioned as follows: 
1300 g. passing a 1}2-in. sieve and retained on a 1-in 
sieve (square opening sieves) 
1600 g. passing a 1-in. sieve and retained on a %4-in 
sieve (square opening sieves) 
2000 g. passing a %4-in. sieve and retained on a %-in 
sieve (square opening sieves) 


300 g. passing a %-in. sieve and retained on a No. 4 
sieve (square opening sieves) 


Most of these samples, after being 
subjected to various processes such as 
air drying, oven drying, soaking and 
resaturation following the vacuum treat- 
ment, were separated into different size 
fractions and subjected to repeated 
freezing in air at 10 F. and thawing in 
water at room temperature. A little 
later a supplementary series of samples 
was added, but each of these consisted 
of only one size of gravel particles. This 
series was used only for the study of the 
relation between particle size and the ab- 
sorptive characteristics of the material. 
All of the above-mentioned tests were 
exploratory in character, and for this 
reason, the method used for each sample 
differed from that for every other sample 
in at least some one phase of treatment. 

The last experiment was started in 
March 1939 and the procedure followed 
was determined on the bases of definite 
trends that were observed in the results 
of the earlier tests. Duplicate samples 
of about 4500 g. each were used for each 
treatment and test; and eleven controlled 
variations in methods were included. 
The proportions for the different sizes of 
material in these samples were: 

1300 g. passing a 1}4-in. sieve and retained on a 1-in. 
sieve (square opening sieves) 


1300 g. passing a 1-in. sieve and retained on a 34-in. 
sieve (square opening sieves) _ 
1400 g. passing a %4-in. sieve and retained on a ¥-in 
sieve (square opening sieves) 
500 g. passing a %-in. sieve and retained on a No.4 
sieve (square opening sieves) 
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_ Discussion or Test METHODS 
AND DATA 


Moisture Losses from Stream-Wet Gravel: 


Since the preliminary tests had indi- 
cated a discrepancy between the amount 
of moisture originally contained in an 
aggregate and the 24-hr. normal absorp- 
tion of the same kind of material, all 
of the samples in this experiment were 
prepared from gravel that was stream- 
wet. All but a few of these samples 
were dried to constant weight after the 
initial wet weights were recorded. 


may have been due to slight inaccuracies 
in the results of Series 1 when less rigid 
control was maintained. 

The rate of air drying and the total 
amount of moisture lost by each of four 
companion samples of the stream-wet 
gravel are shown in Fig. 2. These 
curves are similar in shape and indicate 
a required drying time of no less than 
three weeks for the conditions such as 
prevailed at that time. The spread of 
these four curves serves to give an idea 
of the expected variations in the original 


, per cent of 


dry weight of gravel 


” 
3: 
= 
2 
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Sample No. 


(1) 


Oven Dried Air Dried 
Series | 


Oven Dried 


(I) (2) 
Air Dried 
Series 2 


Fic. 1.—Moisture Loss of Stream-Wet Gravel by Drying to Constant Weight. 


(1) In oven at 220 F. 


Oven heating at 220 F. of some of the 
samples expelled appreciably more mois- 
ture than that which evaporated from 
companion samples exposed only to the 
air of the laboratory. The losses in 
weight were expressed as percentages of 
the ultimate dry weights of the respec- 
tive samples. Figure 1 shows the per- 
centage loss of each sample and the 
average percentage loss for groups of 
samples in each series. The tests in 
series 1 showed a little greater difference 
between the effect of oven drying and air 


- than those of series 2, but this 


(2) In air of laboratory at 75 to 90 F. 


moisture capacities of different samples 
of this kind of material. 

Figure 3 shows the influence of particle 
size on the rate and amount of moisture 
evaporation from air drying. The finer 
sizes (curves representing samples 33 
and 34) had greater total losses of mois- 
ture and, also because of having faster 
rates of drying, reached conditions 
of constant weight sooner than the 
samples of the coarser material. Only 
the finest size lost all of its moisture by 
air drying. The three other samples 
consisting i coarser fractions, and one 
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Fic. 2.—Moisture Loss on Air Drying. 
_ Numbers on curves correspond to samples similarly identified in the tests. 
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32 — — Passing t-in. Sieve, Retained 
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34 —-— Passing §-in. Sieve, Retained 
on No.4 Sieve 

39 --------- Combined 


Weight of Sample, per cent of ultimate oven 


Fic. 3.—Moisture Loss on Air Drying. 
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sample with four combined sizes, each 
retained some moisture (about 0.1 per 
cent) following nine weeks of air drying. 
This was proved by additional losses 
when all samples of the group were 
finally oven dried at 220 F. ea 


Moisture Absorption Tests: 


The fact that the amount of moisture 
lost by the stream-wet gravel was so 
much greater than the values for absorp- 
tion found in the records of routine 


oO 
oO 
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9, representing samples of the same 
numbers, bear out the idea that 24-hr. 
soaking in water is not sufficient to 
saturate this type of aggregate. These 
samples on being soaked 24 hr. took up 
only about 70 per cent of their total 
stream-wet moisture content, and then 
on further soaking, continued to gain 
in weight throughout a period of 13 
weeks without reaching their original 
degree of saturation. Sample 9 which 
had been air dried, when compared with 
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Fic. 4.—Moisture Absorption Tests. 


laboratory tests, brings to mind two 
questions: was it because this material 
had not the capacity to reabsorb all of 
the moisture it had once lost; or was it 
because the usual 24-hr. absorption 
period was not sufficient? At least 
partial answers to these questions have 
now been found. 

The curves of Fig. 4 show various 
amounts and rates of moisture absorp- 
tion in samples that were treated by the 
several different methods each of which 
is indicated in the iaessine Curves 3 and 


sample 3, an oven-dried sample, showed _ 
a slightly more uniform rate of absorp- 
tion and also a little greater total "i 
absorption, and there is a possibility 
that this small difference was due to the 
effect of oven heating on sample 3. 

Curves 4 and 10 (Fig. 4) also represent — 
samples that were oven dried and air 
dried, respectively, but they, unlike their 


absolute pressure equivalent to 3 mm. 
of mercury for 1 hr. prior to wetting. a 
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The vacuum was released only as the 
water was admitted and the gravel was 
completely inundated before being re- 
stored to atmospheric pressure. The 
absorption proceeded rapidly. At 1 hr. 
after wetting each of these samples had 
gained in weight by an amount equal to 
more than 80 per cent of its stream-wet 
moisture content. By the end of one 
day each had gained another 10 per cent, 
but following that, the rate of absorption 
became noticeably less. The maximum 
absorption for these samples appeared 
to be reached at about 5 to 7 days and 
this was equivalent to 92 to 94 per cent 
of original stream-wet capacity. The 
similarity of curves 4 and 10 for these 
evacuated samples indicates that the 
preliminary treatment of oven heating 
had no significant influence on the 
reabsorption of water by this material. 

Curve 16, in Fig. 4 shows the absorp- 
tion of a sample of the same material 
that was only partially air dried before 
being soaked. Starting from a partially 
presaturated condition of 50 per cent of 
its total stream-wet moisture, it gained 
up to 82 per cent in 1 hr. Thereafter, 
it had a slow but continuous gain some- 
what like that of the other samples 
which did not receive the vacuum 
treatment. 

Figures 5 and 6 show the relative 
effects of different sizes of particles on 
the absorption. A sample consisting of 
particles of each of four different size 
groups is represented by a curve in each 
of these figures. All of the samples were 
oven dried to constant weight, and then 
one of the samples for each size was 
evacuated prior to wetting and soaking, 
while the other sample of each size 
group was soaked without the prepara- 
tory vacuum treatment. The samples 
that were not evacuated gave widely 
different results. The first measure- 
ments at the end of 1-day soaking 
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showed the following percentages of 
moisture regained: 62 for the coarsest 
fraction, 70 for the next to coarsest, 76 
for the next to finest and 92 for the 
finest size. The three coarser fractions, 
after the first day, gained about equally 
for several weeks. At seven weeks the 
finest size had gained 100 per cent of 
its original moisture content, but the 
absorption of each of the other sizes 
was still considerably less, ranging as 
low as 78 per cent for the largest par- 
ticles. The soaking was continued for 
forty weeks on three of these samples, 
and only 89 to 95 per cent of their 
stream-wet water content had been 
regained. 

By comparing the curves of Fig. 6 
with those of Fig. 5, it is obvious that 
the evacuation of the gravel had an 
extraordinary effect on its absorption. 
Following 1 hr. in the vacuum and 1 
day in water, all samples that had been 
evacuated were found to be more than 
89 per cent saturated, a condition 
which would have required 40 weeks of 
soaking without the vacuum treatment. 
The use of the vacuum proved most 
effective as an accelerator for the ab- 
sorption especially for the coarser par- 
ticles. 

Although all of the above data pertain 
to only one type of gravel aggregate, 
numerous other tests made in the 
Missouri Laboratory on various aggre- 
gates, including both gravels and crushed 
stones, confirm these findings qualita- 
tively in so far as the relative effects 
of different methods of drying and re- 
wetting are concerned. 


Freezing-and-Thawing Tests: 


The absorption tests which have just 
been discussed perhaps would not be 
very significant if it were not for the 
fact that most of those same samples of 
aggregate were later subjected to freezing 
and thawing and that they, in the course 
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Preliminary Treatment 
2-None, Stream-Wet 
_| 4-Oven Dried to Constant Weight, Evacuated /hr: 
+ and Reabsorbed fo Constant Weight 
Air Dried to Constant Weight, Soaked Until 
80.4 per cent of Original Moisture Content, 
was Regained 
|. /3- Air Dried to Constant Weight, Soaked 
Until 30 per cent of Original. Moisture 
Content was Regained 
7- Oven Dried to Constant Weight, 
Sooked for 24 hr. 
| 


Number of Cycles,log scale 
Fic. 7.—Freezing-and-Thawing Test. 
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-— percent of Original Moisture Content) 
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Content was Regained. y 
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Fic. 8.—Freezing-and-Thawing Test. 
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of time, exhibited marked influences of 
the various processes of wetting and 
drying by which they had been treated. 

The procedure for the freezing-and- 
thawing test in this investigation fol- 
lowed very closely the A.S.T.M. method 
except for the operations that were 
designed to vary the moisture content 
of the aggregate samples. The freezing 
equipment consisted of a three-compart- 
ment heavily insulated box with am- 
monia coils operated by a York 1-ton, 
“self-contained” compressor unit. Each 
compartment of the box had a separate 
door which opened at the top. As 
measured inside the coils which sur- 
rounded each compartment, the freezing 
space was 12 in. wide, 36 in. long and 
18 in. deep. The temperature was 
controlled at 10 F. by a thermostat. 
In arranging the samples for freezing, 
the various size fractions of the gravel 
were placed in separate pans, 8 in. 
square and 2 in. deep. The water was 


decanted and the pans were set in the 
box in such a manner as to permit the 
best possible circulation of the air. 
The usual freezing cycle consisted of 
7 hr. in the freezing chamber and 1 hr. 


in water at room temperature. Three 
cycles a day were thus obtained, and 
this was the procedure followed through 
most of the experiment. However, oc- 
casionally, when it was not possible to 
change the specimens exactly according 
to schedule they were retained for longer 
periods in the refrigerator, rather than 
in the thawing tank. 

Following predetermined numbers of 
cycles of freezing and thawing each size 
fraction of every sample was sieved over 
the same sieve on which it was originally 
retained. The weight of the material 
passing this sieve was expressed as a 
percentage of the weight of the size 
group before failure occurred. The 
percentage loss for each whole sample 
was calculated from the percentage losses 


of the separated sizes weighted according 
to definite proportions of sizes deter- 
mined from representative samples of 
regular, plant-produced concrete ag- 
gregate. 

At the times when the samples were 
being regularly observed the fragments 
from the failed 1} to 1-in. particles 
were sieved over the 3-in. sieve and 
those from the 1 to #? in. particles 
were sieved over the 3-in. sieve, their 
fractions weighed, and all of the material 
saved and subjected to further freezing 
and thawing to show its susceptibility 
to further deterioration. 

In Figs. 7 and 8 are shown the results 
of the freezing-and-thawing tests on 
samples which received various pre- 
liminary treatments. Figure 7 presents 
the results obtained on individual sam- 
ples in series 1 and Fig. 8 the average 
results obtained on the pairs of duplicate 
samples in series 2. 

Curve 7 in Fig. 7 and curve C in 
Fig. 8 represent the results obtained on 
samples treated practically in accordance 
with the A.S.T.M. tentative method. 
As. is illustrated by the fact that each 
of these two curves is at the bottom of 
its group, the samples thus represented 
had the least deterioration of all the 
material tested. Other samples which 
were prepared by methods causing them 
to contain larger amounts of moisture 
showed more deterioration. The great- 
est losses were found in the samples 
which were stream-wet at the start of 
freezing; and the next largest losses were 
in those which had been partially dried 
and soaked, or evacuated and soaked, 
to restore the moisture content to about 
90 per cent of that which the material 
contained when stream-wet. 

All the curves of Fig. 8 were plotted 
from the data shown in Table I. This — 
table however presents data for several 
samples, the curves for which were not 
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_ plotted. As may be seen in the table, 
there were no significant variations in 
the rates or amounts of deterioration of 
the samples that were air dried to 
constant weight and soaked without 
being evacuated. Curve F in Fig. 8 
is fairly representative of this entire 
group of samples which at the start of 
freezing had degrees of saturation rang- 
ing from 4 per cent to 82 per cent. The 
losses due to failure in these samples 
were less than 50 per cent as much as 
those in the stream-wet samples. 
The vacuum treated samples, No. 4 


Curve J in Fig. 8 represents the 
average results on two samples J-1 and 
J-2, which had been only partially air 
dried and then soaked until they were 
96 and 97 per cent saturated before 
being frozen. These were the wettest 
of all the samples tested excepting 
those that were 100 per cent stream- 
wet, and this was the condition most 
probably responsible for their second 
highest position with respect to failure 
in freezing. 

Figure 9 shows the loss resulting from 
freezing and thawing on each size group 
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winds. gor Fic. 9.—Effects of Freezing and Thawing on Different Sizes of Particles. 


of series 1, and B-1, and B-2 of series 2, 


showed very bad deterioration, but there 
was no indication that the vacuum 
treatment had any effect on resistance 
to freezing and thawing other than the 
indirect influence of having raised the 


moisture content of the gravel to a 


point within the more critical range. 
These data essentially confirm the 
findings of Hirschwold and Krueger 
whose tests have been referred to by 
Lang.* 

3 F.C. Lang, ‘‘A Discussion on Relation Between Dura- 


bility of Concrete and Durability of Aggregates,” Pro- 
ceedings, Highway Research Board, Vol. 10, p. 118 (1930). 


Weight, Soaked 24 hr. 
(70.2 per cent Moisture 


of particles in each of four different 
pairs of samples which received different 
treatments preliminary to freezing. 
This figure also shows the magnitudes of 
the losses at different numbers of cycles. 
Figure 9 illustrates the fact that the 
larger particles of gravel were responsible 
for most of the deterioration, and this 
was typical of the results observed in 
all of the soundness tests performed 
under the conditions described. 

The apparent influence of particle 
size on the freezing-and-thawing results 
was most pronounced in the case of the 
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stream-wet samples and the other sam- 
ples that were treated and restored to 
high moisture content before being 
frozen. The 1} in. to 1 in. particles 
exhibited worse failure than the next 
size, 1 in. to ? in., except in the case of 
the samples which had been dried to 


45 


planation for this probably lies in the 
fact that in these particular samples 
which had been thoroughly dried but 
only partially reabsorbed, the smaller 
particles of the two coarse fractions 
were more nearly saturated at the time 
of freezing. All of the coarse particles, 
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Fic. 10.—Freezing-and-Thawing Tests. 


constant weight and subjected to freez- 
ing without having been raised to a high 
degree of saturation. The diagrams 
in Fig. 9, representing samples F and C 
show instances of the greater losses 
occurring in the second largest size, 1 in. 
to ¢in., and these are some of the 
exceptions just mentioned. The ex- 


Substantiating this idea are the curves 
of Fig. 5, which show that the smaller 


pieces absorbed considerably more water 


than the larger ones in the early period 
of soaking. ; 
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Although some investigators‘ have 
_ found worse deterioration on finer sizes, 
it now appears that one reason for these 
results may have been that insufficient 
absorption prior to freezing left the 
coarser particles with a lower degree of 
saturation and a correspondingly greater 
resistance, particularly during the early 
cycles. 

Regarding secondary disintegration 
_ or the further failure of fragments orig- 
inating from failed particles of the 
larger size groups, the following explana- 
_ tion can be given: In general the same 
relationships of disintegration, particle 
_ size, and degree of moisture saturation 
found for whole samples appeared also 
to obtain for the broken pieces. Sieve 
analyses of the fragments which resulted 
from failures of particles that were 
originally retained on the 1-in. sieve 
showed considerable further breakage 
of the fragments as the freezing and 
thawing were continued. The frag- 
ments from the failed particles of the 
13 in. to 1 in. group were more sus- 
ceptible to this secondary breaking 
than were those from the failed pieces 
in the next largest size. This was a 
reflection of the influence of particle 
size. These second-stage failures were 
also more extensive among the fragments 
coming from the stream-wet samples 
than among those from the other 
samples, especially the oven-dried 
material; and this is just a little more 
evidence that resistance to freezing is 
affected by the degree of moisture 
saturation. 

The freezing-and-thawing tests on 
three pairs of samples of series 2 were 
interrupted due to moving the labora- 
tory. The curves showing the progres- 
sive deterioration of these samples are 


4 F.C. Lang and C. A. Hughes, ‘‘Accelerated Freezing 
and Thawing as a Quality Test for Concrete Aggregates,’ 
Proceedings, Am. Soc. Testing Mats., Vol. 31, Part LI, 
p. 435 (1931). 
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not continuous. They are shown in 
Fig. 10. 

These samples, H, E and G, were the 
last that were entered in freezing in the 
old refrigerator and at the completion 
of 62, 30, and 22 cycles, respectively, 
the tests were suspended and the aggre- 
gates stored in water where they re- 
mained for thirty days. The 130 cycles 
of freezing and thawing originally 
planned for these samples, were com- 
pleted at the new laboratory but the 
results are thought to have been in- 
fluenced by several changes in conditions 
none of the effects of which could be 
evaluated quantitatively. In the later 
cycles on these samples the freezing 
temperature was much lower, the rate 
of freezing was somewhat faster, and 
the aggregates had rested and soaked in 
water a month following the completion 
of several cycles. 


Moisture Change During Freezing and 
Thawing: 


At the conclusion of the freezing-and- 
thawing tests, each sample was oven 
dried to constant weight and the final 
percentage moisture calculated and com- 
pared with the moisture content which 
was measured or estimated at the start 
of freezing. 

The values identified as percentage 
gains in moisture, and shown in the last 
column of Table I indicate that the 
stream-wet samples A-1 and A-2 lost a 
very slight amount of moisture during 
the 130 cycles of freezing and thawing, 
and that all of the other samples gained 
moisture in amounts inversely propor- 
tional to their degree of saturation at the 
start of the tests. Because of the fact 
that the smallest fragments of the dis- 
integrated material, variable small frac- 
tions that passed the No. 4 sieve, were 
not included in the final moisture deter- 
minations, these values for percentage 
moisture gain may be slightly in error; 
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yet it is felt that they are sufficiently 
accurate to show that the freezing and 
thawing, as employed in these tests did 
not greatly diminish the moisture of a 
saturated gravel nor completely saturate 
one that is less wet. 


SUMMARY AND CONCLUSIONS 


Great variations in the results of the 
absorption and the freezing-and-thawing 


gregate used in this investigation greatly 
retarded and diminished the absorption 
by normal] soaking. 

2. In this experiment, it was found 
that a 24-hr. soaking period for the ag- 
gregate which previously had been oven 
dried, was sufficient only to saturate it 
to about 70 per cent of,its original 
moisture content. 

3. Evacuation of samples prior to 


TABLE I.—RECORD OF FREEZING-AND-THAWING TEST. 
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tests were caused by the introduction of 
several different treatments of the coarse 
aggregate in its preparation for the 
tests. The results obtained from these 
experiments are of value in showing why 
certain features should or should not be 
incorporated in any standardized pro- 
cedure for testing that is intended to 
furnish information indicative of the 
behavior of coarse aggregates in service. 

1. Thorough drying of the gravel ag- 
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These samples transferred and frozen under different conditions in the later cycles. 
Estimated percentage of moisture based on oven-dry weight. 


soaking proved to be a very effective 
means of rapidly attaining a high degree 
of saturation. 

4, The moisture content of the smaller 
particles when stream-wet was greater 
than that of the coarser sizes; also the 
absorptive capacity and the rate of ab- 
sorption were greater for the smaller 
sizes. 

5. Stream-wet gravel, which contained 
the greatest amount of moisture, showed 
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e the greatest failure on freezing and thaw- 
ing, while samples prepared according to 


= the A.S.T.M. tentative method which 


produced only partial saturation showed 
a minimum of disintegration. 

6. The present tentative method for 
freezing and thawing does not permit, 
in all cases, thorough saturation prior 
to freezing and therefore does not pro- 
vide a positive means of detecting un- 


AND LICHTEFELD A 


7. The results of these tests definitely 
indicated that for equivalent degrees of 
saturation the coarser particles had less 
resistance to freezing and thawing than 
the smaller sizes. 

8. After freezing and thawing, the 
fragments resulting from the failure of 
the original particles contained consider- 


sound coarse aggregate. 
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ably more moisture than the sound 
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THE SOUNDNESS OF CHERT . AS MEASURED BY BULK SPECIFIC 
GRAVITY AND ABSORPTION 
wl 
vas oF sham 
The object of the studies was to investigate the possibility for isolating the 
sound and unsound varieties of chert in concrete coarse aggregate by some 
means more precise than visual examination and more practical than micro- 
scopic analysis. Samples of cherty gravel were collected from ten areas in the 
southern, central and eastern portions of the United States. These were sepa- 
rated into four bulk specific gravity groups by flotation. The separated 
groups were analyzed microscopically and tested physically for absorptive 
capacity, resistance to frost action and resistance to a magnesium sulfate 
soundness test. The test data and discussion of results is preceded by a 
symposium of data and comments on chert by other investigators. The 
results of the investigation indicate a close relationship between the void 
structure (porosity), the bulk specific gravity, and the resistance of 


SYNOPSIS 


most chert particles to freezing and thawing. 


A procedure is described for 


mechanically segregating unsound particles of chert from gravel aggregate by 


flotation. 

The tendency for julainn the durable 
quality of chert by the notorious bad 
behavior of some varieties of the rock 
has resulted in confusion and a generally 
unfavorable reputation for the classifica- 
tion as a whole. 

The word chert is used to put a name 
to an exceedingly wide variety of rocks 
which have cryptocrystalline or amor- 
phous silica as their groundmass. Chert 
has been described variously as: any 
light colored cryptocrystalline rock com- 
posed of silica with certain impurities; 
impure flint; chalcedony, in turn de- 
scribed as cryptocrystalline quartz; a 
mosaic of quartz and chalcedony, and 
as amorphous or opaline silica. 


' Engineer-in-Charge, and Associate Petrographic 
Microscopist, res tively, Central Concrete Laboratory, 


North Atlantic ivision, U. S. Engineer Dept., 
Military Academy, West Point, N. Y. 
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Sosman? is believed to have given the 
best “definition” of chert. After de- 
scribing chalcedony as a “waxy, trans- 
lucent, natural microcrystalline fibrous 
silica,”’ and flint ‘‘as a cloudy, dark gray, 
brown or black, opaque natural micro- 
crystalline silica,’’ he includes, as chert, 
“any opaque natural microcrystalline or 
micro-aphanitic silica whose structure and 
environment do not permit it to be other- 
wise classified.” 

It seems imperative that the broad 
term chert be subordinated in its con- 
notation of nondurability to a physical 
procedure for estimating actual relative 


ai 


durability as is done with other general — 


mineral rocks such as granite, sandstone, 
limestone or “trap.” If possible, the 


2R, Sosman, ‘‘The of Silica,’’ 157, 
Chemical Catalogue Co., Inc., New York, N. Y. (1927). 
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unsound varieties of this mineral rock 
should be grouped with the unsound 
varieties of other mineral rocks. 

The purpose of this paper is to present 
the results of investigations conducted 
by this laboratory directed toward 
developing a means for differentiating 
between sound and unsound chert, 
together with references to similar in- 
vestigations conducted by the U. S. 
Engineer laboratory at Rock Island, Ill. 
and to available published data which 
contribute to the fund of knowledge on 
chert. 


4 


from eight other areas in the United 
States. The general location from 
which each of the samples was collected 
together with the identification symbol 
of each of the samples are given in 


Table I. 
Basic RESEARCH 


During the early stages of the in- 
vestigation reference was made to avail- 
able literature on the subject in an effort 
to obtain a basic understanding of chert 
and assistance in segregating the un- 
sound from the sound varieties. The 


TABLE I.—-GEOGRAPHICAL LOCATIONS AND IDENTIFICATION SYMBOLS OF CHERTY GRAVELS. 


Description 


Location 


River gravel 
River gravel 


Bank gravel, alluvial deposit 
Glacial deposit 

River gravel 

River gravel 


River gravel 


Sent 


River gravel 
River gravel 


Bank gravel 


Bank gravel, old alluvial deposit 
Bank gravel, old alluvial deposit 


Northern Mississippi 
Northern Mississippi 
Mississippi River—North of Greenville, 
Miss. 
Mississippi River—South of Greenville, 
| Miss. 
| Eastern Louisiana 
| Western New York 
| Lower reaches—Wabash River 
| Ohio River—above the mouth of the 
Wabash 
| Tennessee River—near its 
with the Ohio 
Meramec River 
Tes | Mississippi River—North of mouth of the 
Illinois 
| Northwestern Maryland 


confluence 


The investigation was inspired by 
the necessity for judging the relative 
quality and ultimate suitability of 
gravels in a region in which the total 
chert content ranged from 50 to 80 per 
cent of the whole. Samples were col- 
lected for analysis from fifteen locations 
in northern Mississippi. Samples from 
four of these locations which presented 
an average representation of the area 
were chosen for the initial study de- 
scribed herein. The study was extended 
later to samples of chert-bearing gravels 


single striking element of agreement 
present in a majority of the data re- 
viewed was a generalized reference to a 
connection between the porosity, ap- 
parent specific gravity and the durability 
of chert. In order to minimize the 
necessity for search for the data referred 
to, a brief symposium of related com- 
ments by other investigators is given 
below. The gist of the unpublished 
data collected by the U. S. Engineer 
Laboratory at Rock Island, Ill. is 
presented first. Comments which are 
considered particularly pertinent are 


italicized by the authors. 


Symbol 
_ 
i 
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PABLE I,—ROCK ISLAND CHERT CLASSIFICATION. 


Origin 


Description 


Gravel deposits 


sil 


fracture. 
ture. 


Gravel deposits 


thd 


south of Canton, Mo. 
brown to tan in color. 
of brown to tan. 


outer surface wholl 
bluish white grave 


Brown, hard, flinty chert found principally in deposits 
Outer surface varying from 
Inside usually lighter shade 
Does not break with conchoidal 
Generally, dense slightly crystalline struc- 
Surface usually smooth, but pitted surfaces 
not uncommon. 


Solid gray, black, rust or bluish gray chert covered with 
soft white coating. 


Group includes stone which has 
or partially worn off, having 
with grayish mottled center. 


Center usually crystalline. 


Gravel deposits 


White colored chert with tiny individual particles of 
gray and brown throughout. Very hard. Brittle 
structure. No bedding planes and splinters with a 
conchoidal break, Surface often pitted. Color some- 
times runs in streaks or whorls. 


Gravel deposits 


Lat 
Stone quarries 


Soft chert of dull, white color. 
structure. 
fossiliferous. 


Medium coarse in 


+ 
Fractures conchoidally and is slightly 


Very hard, brittle, white to dirty white chert. Frac- 
tures conchoidally and splinters in sharp pieces when 
broken. 

Stone quarries Chalky, soft, rough textured white chert having porous, 
amorphous structure, fracturing conchoidally. 

Stone quarries Soft, yellowish or buff chert. Crushes easily with a 
conchoidal fracture, although the fracture may take 
another form. 

Stone quarries Chert with thin white or tan coating over a large dark 
center. Medium hard, fairly dense texture. Crys- 
tals may sometimes be present. 


hed 


TABLE III.—PHYSICAL TESTS OF CHERT (ROCK ISLAND DATA). 
Heating 
d 


NaSOQu, 

5 cycles, 
percentage 

of loss 


Apparent 
pecific 
Gravity 


Absorp- 
tion, 
per cent 


anc 
Cooling, 
30 cycles, 
percentage 
of loss 


Freezin my awing 


Silica, 
est Free 


Impurities, 
per cent 


per cent® 


0 None 
6.4 
10.4 
10.0 
100.0 
100.0 
29.0 
3.6 


2.57 
2.51 
2.48 
2.39 
2.40 
2.12 
2.24 
2.44 


0.46 
1.72 
1.62 
4.30 
5.10 
14.50 
10.00 
3.71 


30 cycles 


30 cycles 
30 cycles 


None 

None 

None 30 cycles 

None 20 cycles 
100% 

None 20 cycles 

None 30 cycles 
100% 

30 cycles 
75% 

® The Rock Island report defines impurity as “minerals other than silica.” 


None 
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Symposium: 


1. The Rock Island investigation*® 
included all available types of chert from 
gravel pits and quarries along the 
Mississippi River between Dubuque, 
Iowa and Reading, Mo. The cherts 
were separated from the gravels and 
crushed stones and classified into the 
eight groups shown in Table II. 

The tests performed included “freezing 
and thawing in free state; sodium sulfate 
soundness; heating and cooling in free 
state; freezing and thawing when con- 
fined in mortar cubes; heating and 
cooling when confined in mortar cubes; 
freezing and thawing until small cracks 
appeared and then heating and cooling; 
freezing and thawing of powdered chert 
confined as one lump in center of mortar 
cube; chemical composition; freezing 
and thawing of paraffin-covered chert 
embedded in mortar cubes; and freezing 
and thawing of highly absorptive lime- 
stone embedded in mortar cubes.” 

The significant data from the Rock 
Island tests are shown in Table III. 

The results of the freezing and thawing 
of chert confined in mortar are not given 
herein, because the number of specimens 
tested is considered inadequate by the 
authors and the number of cycles of the 
test is not listed. However, the report 
states, “In all cases of failure the em- 
bedded chert was predominantly white 
or buff colored. No crystalline chert 
caused ‘pop-outs’.”’ 

The following significant comments on 
the test results are included in the report. 

“Heating and cooling of chert had 
absolutely no effect. This test was 
initiated to allay some suppositions that 
chert caused ‘pop-outs’ in summertime 
due to heat of the sun followed by a 
cooling rain or vice versa.” 

“These results (freezing and thawing 
of paraffin-coated chert in mortar speci- 


“A Treatise on Chert,’”’ U. S. Engineer Office, Rock 
Island, Ill., dated May, 1937. 
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mens) indicate that pop-outs occur only 
from freezing of water absorbed by the 
chert. This hypothesis is further 
verified by a comparison of the absorp- 
tion and specific gravity of each type of 
chert with its reaction to freezing and 
thawing.... Jt seems a general rule 
that a chert stone with an absorption 
greater than 3 per cent or an apparent 
specific gravity less than 2.50 can be 
classified as harmful material.” 

“If the specimen (chert pebble) ap- 
pears amorphous, porous and without 
life, it can be safely classified as harmful 
chert. In contrast, if the stone is 
crystalline, fossiliferous and gives a 
hard, glossy appearance, it will probably 
not cause any trouble in concrete.” 

2. The paper by Spain and Rose! 
makes the following significant state- 
ments about unsound chert. 

“The lack of soundness may be at- 
tributed to several causes. Chert may 
be naturally porous, like much of that 
from the Knox and Warsaw formations, 
or it may reach such a state under long 
weathering in the river. Because of this 
porosity, its specific gravity is lowered, 
and its absorption becomes too high. 
Some chert, even though dense and 
hard, may be so easily fractured and 
possess so many incipient fracture planes 
that it will split and disintegrate under 
freezing and thawing action.” 

3. Cantrill and Campbell’ make the 
following references to the durability 
of chert. 

“Geological definitions of chert vary; 
however the most widely used defines 
it as an impure flint and jasper with 
crystals of pyrite and other foreign 
material. The color varies from white 


4D. L. Spain, Jr., and N. A. Rose, “‘Geological Study 
of Gravel Concrete’ Aggregate,” Technical Publication 
No. 840, Am. Inst. Mining and Metallurgical Engrs., 
October, 1937. 

Curtis Cantrill and Louis Campbell, ‘Selection of 
Aggregates for Concrete Pavement Based on Service 
Records,” Proceedings, Am. Soc. Testing Mats., Vol. 39, 
p. 937 (1939). 
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to gray.. Chert gravel obtained in 
the western Kentucky area is extremely 
porous, highly absorptive and has a low 
specific gravity.” 

Conclusion 3 of the paper states: 

“Chert gravel, which was found to 
produce unsatisfactory pavement in 
Kentucky, may be eliminated by two 
specifications: 

(a) Coarse aggregate shall not show an 
absorption greater than 3 per cent....” 

4. Stanton® indicates that the cherty 
materials, referred to in the California 
coastal area between Monterey and Los 
Angeles, had low apparent specific 
gravity with absorptions ranging from 
4.3 to 10.2 per cent. The cherts re- 
ferred to were principally opaline (amor- 
phous) silica, chalcedonic cherty shale 
and diatomaceous shale containing opa- 
line silica. 

5. Holland’ states that 
tured 


“The frac- 
chert which abounds in the 


Chickamauga area does not ring (when 


struck), but resounds with a dull thud. 
The discontinuity of structure which is 
indicated by this relatively simple test, 
differentiates between the fractured and 
the healed cherts. This is also brought 
out by microscopic tests. The chalky 
cherts are porous, however, and the 
absorption and specific gravity tests 
indicate that it takes considerable time 
to saturate the pores, but ultimate 
saturation would result in disintegration 
by freezing and thawing.” 

“The fossil chert is... made up of a 
mass of easily soluble crinoid stems 
and other remains embedded in a 
siliceous cement. On weathering the 
crinoid stems and other remains were 
leached away thus allowing the insoluble 


6 T. E. Stanton, “Expansion of Concrete as Influenced 
by a Reaction Between the Cement and Aggregate,” 
presented at the ponting. of the American Society of Civil 

ngineers, New York, N. Y., January, 1940 (to be pub- 
lished later). 
7W. Y. Holland, ‘‘Petrography of Aggregates from the 
T.V.A.,” U. §. Department of the Interior, Bureau of 
Reclamation, Denver, Colo., January 13, 193 7. 


cement to remain as an extremely porous 
chert with fossil casts.” 

“The granular chert is merely a finer 
textured variety of the fossil chert and 
would have the same effect in concrete 
with the exception that it would take 
a longer time for the results to become 
evident.” 

Holland presents also the following 
tabulation of specific gravities and ab- 
sorption with comments, as given below: 


Apparent 
Specific 


Absorption, 
Gravity 


Description per cent 


Gilbertsville coarse, 
chalky chert 
Gilbertsville fine, chalky 


2.11 
Gilbertsville fossil chert.. 1.95 
Chickamauga fractured 


Chickamauga massive 
chert (hard) 


“The specific gravity of chert accord- 
ing to Milner varies from 2.59 to 2.64.” 

“The high absorption and low specific 
gravity of the coarse chalky and fossil 
cherts indicate incomplete absorption, © 
hence discontinuous pore openings, when 
compared with the dense chert of specific 
gravity 2.65 thus showing by computa- 
tion that about 30 per cent is the actual 
porosity of the fossil cherts. With the 
fine chalky chert the tests indicate more 
complete saturation with a lower per- 
centage of voids as compared with the 
coarse type... .” 

“The tests with the fractured chert 
indicate that almost but not quite com- 
plete absorption has taken place. But 
the tests especially indicate that an 
otherwise homogeneous material con- 
tains extraneous openings of such di- 
mensions that water is able to penetrate 
them. These openings are of microscopic 
size and easily enlarged by the freezing 
of water or extreme temperature 
changes.” 

6. F. W. Clarke® gives a review of the 


8 F.W. Clarke, ‘Data of Geochemistry,” Bulletin 770, 
U. S. Geological Survey (1924). 
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_ different theories of the formation of 


chert, as follows: 


“Tt is at once evident that a con- 


siderable variety of rocks may be formed 


from siliceous oozes, such as the radi- 
olarian and diatomaceous oozes of the 
Challenger expedition. These fine sedi- 
ments may be mixed with more or less 
clay, sand, or calcareous matter, shading 
when consolidated, into shales, sand- 
stones or siliceous limestones,.... In 
the same category we must place, ..., 
such rocks as flint, chert, and no- 
vaculite. ...” 

“With some exceptions these rocks 
are commonly of organic origin... .” 

“The common variety of compact 
silica known as chert has been diversely 
interpreted. A number of writers ... 
have argued in favor of the replacement 
theory.... According to F. M. Van 
Tuyl* the cherts of Missouri probably 
originated in this manner. W. A. Tarr’, 
however, and also R. S. Dean* argue 
that the siliceous gel was thrown down 
_ from its suspension in sea water by the 
action of electrolytes and afterward de- 
hydrated and consolidated by pressure.” 

“On the other hand, chert and flint 
often exhibit evidences of organic 
derivation. The radiolarian cherts of 
California, described by A. C. Lawson, 
C. Palache, and F. L. Ransome,? are 
principally composed of radiolarian re- 
mains. Lawson regards these cherts as 
having been formed by precipitation of 
colloidol silica from submarine springs 
which produced a sort of ooze in which 
radiolaria became embedded. In other 
cases cherts were probably derived from 
sponges, whose spicules consist largely of 
opaline silica. Cherts crowded with 


® American Journal of Science, Fourth Series, Vol. 45, 
p. (1918). 
> Idem, Vol. 44, p. 409 (1917). 
€ Idem, Vol. 45, Pall (1918). 
Lawson, Fifteenth Annual Report, U. S. Geological 
Survey, p. 420 (1895). + 
Lawson and Palache, Bulletin, Department of Geology, 
naey of California, Vol. 2, pp. oe 365 (1902). 
Ransome, Jdem, Vol. 1, p. 193 (18 
Thoulet, Bulletin, Soc. min., p. 147 (1884). 
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these spicules have been described by 
various authors, especially W. J. Sollas/ 
and G. J. Hinde’.... The same thing 
is true of the flint nodules found in 
chalks, which almost invariably show 
signs of similar origin. In order to 
account for these nodules, Sollas suggests 
that sponge spicules accumulated in a 
calcareous ooze, where, in presence of 
sea water under pressure, they partly 
dissolved. The silica thus taken into 
solution was later reprecipitated around 
suitable nuclei, at the same time re- 
placing carbonate of lime. It is possible, 
however, as A. A. Julian’ has shown, 
that the organic matter of decaying 
sponges may have exerted much in- 
fluence in bringing about the solution of 
silica.... There are also siliceous con- 
cretion-like flints, as well as oolites 
which are formed by the deposition of 
silica from solution around quartz grains 

It is possible that a single forma- 
tion may represent more than one of 
these processes. R. D. Irving and 
C. R. Van Hise‘. . . describing the chert 
of the Penokee iron region ... suggest 
that it may have been partly derived 
from organic remains and also be partly 
a chemical sediment. In short, no one 
process can account for all the occur- 
rences of amorphous or cryptocrystalline 
silica, and each locality must be studied 
in the light of its own evidence.” 


‘Ann. and Mag. Nat. Hist., Fifth Series, Vol. 6, 

pp. 384, 437 (1880); Vol. 7, p. 141 (1881). 
Philosophical’ Transactions, Vol. 176, p. 403 

Geol Magazine, p. 435 (1887); Idem, p. 241 (1888 
oceedings, Am. Assn. Advancement Science, p. 06 

* Tenth Annual Report, U. S. Geological Survey, Part 1, 
p. 397 (1890). 

See also C. * Van Hise, “‘A Treatise on Metamorph- 
ism,”” Mon.-U. S . Geological Survey, Vol. 47, pp. 847- 
853 "(1904). 


7. The following comments on the 
formation of chert are taken from 
Twenhofel:® 

“Chert and kindred rocks are among 
the most common in the geologic column. 
All are composed of silica and various 


ow. Twenhofel, “Treatise on Sedimentation,” 
McGraw Hin Book Co., Inc., New York, N. Y. (1939). 
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impurities. Textures are fine grained 
to cryptocrystalline, and to the unaided 
eye seem amorphous. Chert includes 
varieties that have white, gray, and 
other light colors, and flint those of dark 
gray to black colors... .” 

“Common impurities are hematite, 
limonite, pyrite, marcasite, carbonace- 
ous matter, and calcium and magnesium 
carbonate.” 

“The silica in the Mesozoic and older 
cherts and flints is crystallized and in 
thin section shows a mosaic of quartz 
and chalcedony.... Some the 
younger cherts and flints contain opaline 
or amorphous silica. Weathered chert 
becomes white and chalklike.” 

“Some cherts and flints contain con- 
siderable calcium carbonate, and some 
grade laterally into limestones... .” 

“The color of some cherts is uniform 
throughout, in others the colors are 
arranged in irregular patches so as to 
give a mottled appearance, in still 
others the colors are arranged in 
bands... .” 

“The colors are usually due to some 
impurity, but they may be due to 
differences of texture or porosity... .” 

“Nodulus cherts and flints are usually 
associated with limestones. Flints are 
mostly in chalk and cherts in other 
varieties of limestones. Bedded cherts 
and flints have association with all 
kinds of rocks... .” 

“Chert and flint may serve as cement 
for other sediments, but occurrences are 
of limited extent... .” 

8. G. P. Merril’® makes the following 
significant comments on chert: 

“Weathering of chert.—Among silice- 
ous sedimentary rocks poor in alkalies 
or iron-bearing silicates the degeneration 
is mainly disintegration, though a small 
amount of silica, existing in either 
crystalline or chalcedonic forms, is 


10G. P. Merril, ‘“‘Rock, Rock and Soils,’’ 


Co., New York, N. Y¥. (1906 
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usually lost through solution. Thus the 
cherts of southwest Missouri break down 
into porous friable forms, sometimes 
passing into the condition of loose 
powder. ...” 

“Analyses of fresh and altered forms 
of this material, as given by Dr. E. O. 
Hovey,’ show no differences that are of 
sufficient importance to warrant us in 
assuming any of them as direct causes 
of disintegration. The change is mainly 
physical, though it is more than probable 
that a certain amount of interstitial 
silica has been removed.... Dr. 
Penrose, however, describes? a process 
of chert decay, or more properly disin- 
tegration, as manifested in the Batesville 
region of Arkansas, in which the cause 
of the breaking down is more apparent. 
There are two stages in the process, as 
described: (1) A transition into a light, 
porous, opaque, buff-colored rock of the 
consistency of ordinary pressed brick, 
and (2) into an impalpable white or 
brown powder, locally known as a 
polishing powder.... The white resid- 
ual powder often contains masses of the 
porous, semidecomposed rock, the latter 
in turn encircling kernels of hard, un- 
altered chert. Throughout this region, 
the cherts (of Carboniferous age) are 
generally decomposed into the condition 
of a more or less porous mass.... In 
all cases the disintegration may be traced 
to the removal, by leaching, of a small 
amount of interstitial carbonate of 
lime.” 


® Appendix A, Missouri Geological hive, Vol. VII, 
pp. 727-739 (1894). 
Annual Report, Geological Survey of Arkansas, 


Vol. 1 (1890). = 


Appraisal of the gravel particles in 
the four basic samples of the investiga- 
tion (listed as S-1 to S-4 in Table I), 
in terms of noncherts and cherts of 
varying weathering characteristics, was 


PHYSICAL TESTS 
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attempted by (1) visual examination 
using the classification of chert suggested 
in the Rock Island* report, (2) by 
microscopic examination, (3) by freezing 
and thawing in unconfined and confined 
(in concrete) conditions, (4) by the 
magnesium sulfate accelerated sound- 
ness test, (5) by absorption, and (6) in 
terms of bulk specific gravity separation 
in a flotation test. These tests were fol- 
lowed by a detailed investigation of the 
eight additional samples listed in Table I. 

The terms “absorption” and “bulk 
specific gravity” referred to herein are 
based upon a 5-hr. period of boiling in 


WUERPEL AND REXFORD 


Where C is the weight of the boiled 
sample immersed in water. 

True specific gravity is the ratio of 
the dry weight to the displacement of 
the powdered material. Displacement 
was measured in a Le Chatelier flask. 


Visual Examination: 


Typical specimens consisting of about 


500 pebbles (# to 1 in. in size) of each of 


the “‘S”’ samples were examined under a 
10X lens in an attempt to segregate the 
chert particles into the eight Rock 
Island classifications. Each of the ap- 
proximately 2000 pebbles were broken by 


TABLE IV.—RELATION BETWEEN BULK SPECIFIC GRAVITY, ABSORPTION AND SOUNDNESS OF 
_ CHERT BASED UPON VISUAL CLASSIFICATION OF FIVE TYPES IN THE “S” GRAVELS. 


Bulk 
Specific Gravity 


Absorption, per cent 


Soundness 
Magnesium Sulfate 


5 percentage 


10 cycles, percentage 
loss in weight t 


oss in weight 


water instead of the 24-hr. immersion 
period requirement of A.S.T.M. Stand- 
ard Method of Test for Specific Gravity 
and Absorption of Coarse Aggregate 
(C 127 — 39)." The formulas used in de- 
_ termining the factors are as follows: 
7 
Absorption = 


Where B is the saturated surface dry 
weight after 5 hr. of boiling in water 
and A is the dry weight. 


Bulk specific gravity = —— 


1 C. E. Wuerpel, ‘‘Proposed Method of Test for Sound- 
ness of egates by Use of a = Sulfate,”’ Pro- 
ceedings, Soc. Testin ng Mats., Vol. 39, p. 885 (1939). 

12 1939 Book of A.S.T.M. Standards, Part II, p. 300. 


hammer blows, before being examined 
under the lens, so as to expose unstained 
cross-sectional areas. The separated 
portions of each of the eight classifica- 
tions were tested for bulk specific grav- 
ity, absorption and soundness in the 
magnesium sulfate test. The results 


_were irregular and contradictory. The 


procedure was repeated using five in- 
stead of eight chert classifications and 
the concordance between specific gravity, 
absorption and soundness was much 
improved and_ generally significant. 
The results of these tests are given in 
Table IV. 

A description of each of the five 
types of chert is not given, because 
such descriptions are felt to lead to 
false values and because the length of 
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time required to make the five classifica- 
tions and the tedious examination of 
each broken particle under a lens de- 
tracts materially from the value of this 
method as a practical analysis. 


Flotation Separation: 

In view of the evidence of the re- 
lationship between bulk specific gravity 
and the weathering quality of chert, it 
appeared that a flotation test might be 
serviceable as a means of mechanical 
separation of chert types. The flota- 
tion test procedure described below was 
devised to test this theory. 

(a) Solution—Solutions of bromo- 
form (sp. gr. 2.86) and mono-bromo- 
benzene (sp. gr. 1.46) were prepared in 
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conical graduate is peculiarly well 
adapted to the procedure, because it 
provides adequate depth to float the 
hydrometer in 400 ml. of solution with 
sufficient surface diameter to manipulate 
the pebbles and pebble spoon. When 
not in use the solutions were kept in 
tightly stoppered bottles. 

(c) Test Sample——The test sample 
consisted of 10 lb. (approximately 470 
pebbles) of gravel ranging in size from 
2 in. to 1 in., in diameter. In cases 
where the gravel investigated had a 
maximum pebble size of 2 in. a parallel 
sample 20 Ib. in weight ranging from 1 
in. to 2 in. in size was included in the 
procedure. 


TABLE V.—RELATION BETWEEN BULK SPECIFIC GRAVITY, ABSORPTION AND SOUNDNESS OF 
CHERT BASED UPON FLOTATION SEPARATION OF “S” GRAVELS. 


| | 


Absorption, per cent 


Soundness 
Magnesium Sulfate 


Bulk 
Specific Gravity 


5 cycles, percentage loss 10 cycles, percentage loss 
in weight in weight 


S-3 


1. 
3. 
6. 
2. 


1 1 
4. 3. 
9. 6. 
7. 3. 


500 ml., quantities having specific 
gravities of 2.30, 2.40 and 2.50. The 
solutions were maintained at the exact 
gravity desired by use of a special 
hydrometer having a range of 2.00 to 
3.00 specific gravity marked in incre- 
ments of 0.01 specific gravity and 
accurate to 0.02 specific gravity through- 
out its range. The flotation solutions 
are slightly volatile and require read- 
justment to the desired gravity by the 
occasional addition of mono-bromo- 
benzene. The mono-bromo-benzene is 
inflammable, but no danger or fire- 
hazard will exist if flame does not come 
into contact with the liquid. 

(b) Solution Container—Heavy glass 
conical graduates or large separatory 
funnels were used as solution containers 
_— the flotation procedure. The 


4 
@e 


(d) Sample Preparation.—The sample 
described in (c) was placed in water and 
boiled for 5 hr., cooled, hand-dried to 
a saturated surface-dry condition and 
then weighed. After weighing, the sam- 
ple was covered with a damp cloth to 
prevent further drying prior to im- 
mersion in the flotation solution. 

(e) Flotation.—The saturated surface- 
dry pebbles were introduced into the 
2.50 specific gravity solution in incre- 
ments of about 20 pebbles at a time. 
The pebbles which floated, having a 
gravity less than 2.50, were removed and 
introduced into the 2.40 solution. The 
pebbles which sank in the 2.50 solution 
were removed and placed in water in a 
container marked +2.50. The process 
of separation was continued by placing 
the “floaters” in me solution into the 
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solution of next lower gravity. The 
finally separated pebbles were then in 
groups identified as +2.50, 2.40 to 2.50, 
2.30 to 2.40 and —2.30. The bromo- 


WUERPEL AND REXFORD 


The separated portions of the four 
“S” gravel samples were subjected to 
tests for absorption, soundness (mag- 
nesium sulfate test) and freezing and 


. 1.—Concrete Slabs Split by Pebbles of — 2.40 Chert Which Ruptured in a Freezing-and- 
Thawing Test. 


‘ Fic. 2.—Typical Surface Pop-out, Showing Highly Porous Chert Particle with a Specific 
ha Gravity Less Than 2.40. 


form solution, being immiscible with 
and heavier than water, separated from 
the surfaces of the pebbles and settled 
to the bottom of the containers in which 
the different fractions were placed. 


thawing. The increase in absorption 
and decrease in soundness with lower 
bulk specific gravity of these samples 
are shown in Table V. 

It will be noted from the data in Table 
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V that there is a marked increase in 
absorption and a marked decrease in 
soundness in the pebbles having a 
bulk specific gravity of less than 
2.40. 

The results of the freezing-and-thaw- 
ing tests of the separated samples con- 
fined in concrete disks (4 in. deep and 
6 in. in diameter) and slabs (8 by 10 


with decrease in pebble gravity in all 
of the “S” gravels. 


Field Observations: 


The results of the laboratory tests 
on the “S” gravels were checked by a 
survey of the exposed concrete structures 
in the area from which the gravels had 
been obtained. A group of 100 of the 


by 3 in.) corroborated the indications 
of soundness by showing diminished 
resistance to freezing with decrease in 


roughly conical sections having a por- 
tion of disrupted chert at the apex, 
known as “pop-outs,” were collected 


TABLE VI.—RELATION BETWEEN oo SPECIFIC GRAVITY, ABSORPTION AND SOUNDNESS OF 
HERT GRAVELS. 


Bulk Specific 
Gravity, 2.30 to 2.40 


Bulk Specific 
Gravity’ +2 50 


Bulk Specific 


Bulk Specific 
Gravity, 2. to 2.50 


Gravity, —2.30 


Distri- 
bution, 


Distri- 


bution, 


Distri- | Absorp- Distri- 

bution, | tion, bution, 
per cent® ase) per 

cent cent cent 


Absorp- 
tion, 
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20.19 
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6 
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1 
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Average..... os 1.1 


wn 


10.3 


2 Loss in weight after 10 cycles of the magnesium sulfate soundness test. 


Not determined. 
© High loss due to presence of unsound sandstone, 
4 Excluding extraneous BC value. aA) 
* Range from 2.40 up to maximum present. 

Insufficient sample for test. wai 

9 Range from 2.40 down to minimum present. 


bulk specific gravity. However, the re- 
sults were not reducible to quantitative 
tabulation. In some cases, the test 
specimen split into two or more sections; 
in other cases the failure was by surface 
“pop-outs” and in others by general 
disintegration. A typical example of 
the splitting action is shown in Fig. 1 
and a typical “pop-out” is shown in 
Fig. 2. However, it was definitely ob- 
served that the disrupted pebbles were 
all of the groups lower in specific 
gravity than 2.50 and the relative 
percentage of failures increased markedly 
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from representative structures. The 
chert particles were removed from the 
pop-outs and tested for absorption and 
bulk specific gravity. In every case the 
particle had an absorption greater than 
4 per cent and a bulk gravity less than 
2.40. 
EXTENDED PROGRAM , 
The unusually excellent relationship 
which was found to exist between the 
absorption, bulk specific gravity and 
soundness of the “S” gravels suggested 
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the desirability for verifying the relation- 
ship by similar tests of cherty gravels 
from other localities. 

Samples were collected from the eight 
additional regions shown in Table I, 
by persons not connected with this 
laboratory. The specific origin or the 
degree of representation of the gravels 
is not known. However, they are all 
glacial or alluvial gravels which were 
known to contain chert. 

The results of the flotation separation 
and subsequent tests for absorption 
and soundness in magnesium sulfate of 
these additional samples are given in 
Table VI. The relation between ab- 
sorption, bulk specific gravity and sound- 
ness are illustrated best by the average 
values shown at the bottom of the table. 
Again, the increase in absorption and de- 
crease in soundness is most marked as 
the bulk specific gravity drops below 
2.40. 

The freezing-and-thawing tests made 
on these gravels contained in concrete 
were in accord with the results observed 
from the S gravel tests, with the excep- 
tion that the concrete specimens con- 
taining the first samples of the T-1 
gravel in the +2.50 group failed after 15 
cycles. Inspection of the particles of 
gravel causing the failures disclosed a 
shattering of certain particles along 
definite planes of cleavage. Immediate 
microscopic examination of some of the 
particles which had shattered showed 
that the particles contained an unusually 
high iron content. The concrete freez- 
ing tests were repeated with the T-1, 
+2.50 gravel and at the time of writing 
(50 cycles) no distress of the samples 
of any sort has been observed. How- 
ever, the possible presence of chert 
particles with planes of weakness formed 
by cracks filled with iron compounds of 
high gravity was recognized by the fail- 
ure of the initial T-1, +2.50 specimens. 
The microscopic investigation detailed 


below indicates the probability that 
such particles may exist in other cherty 
gravels. 


Microscopic INVESTIGATION 


All of the cherts encountered in this 
investigation were of the cryptocrystal- 
line variety and were composed pre- 
dominantly of quartz. Even in cases 
of extremely fine-textured cryptocrys- 
talline structure, high magnification 
showed the optical properties of the 
minute individual crystals to be those 
of quartz. When distinctly recognizable 
chalcedony occurred it was in the re- 
placement of fossils or in the filling of 
seams. The ‘mosaic of chalcedony” 
as reported by Holland’ was not ob- 
served. The only case in which opaline 
silica was definitely found was in 
samples of chert received from Cali- 
fornia.'* The samples were representa- 
tive of a localized area in California 
and were requested for comparative 
purposes. 

While it is not intended to imply that 
opaline silica may never occur in 
intimate association with a crypto- 
crystalline structure, it is intended to 
emphasize the fact that it did not occur 
in any of the samples of cherty gravel 
included in this investigation, in suf- 
ficient quantity to be identified and 
therefore to be of practical significance. 

Thin sections were prepared from 
seventy typical pebbles and examined by 
means of the petrographic microscope. 
A number of polished sections also were 
studied microscopically, by reflected 
light. Innumerable chert pebbles from 
all the localities were examined macro- 
scopically and microscopically in powder 
sections. 

Variable amounts of hematite 
(Fe.O3), limonite (Fe2O3-« H2O), calcite 
(CaCO;) and carbonaceous matter oc- 
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curred as the principal impurities. The 
amounts of the different impurities 
varied widely from a bare trace to a 
considerable proportion of the pebble. 

The structure and texture of the 
pebbles also varied widely from a dense, 
hard, glassy type with a uniform com- 
pact cryptocrystaliine groundmass, to 
the comparatively soft porous type with 
a nonuniform cryptocrystalline ground- 
mass enclosing an abundance of voids 
and pores of variable size and shape. 
In some cases, particularly in the dark 
brown colored cherts, voids and cracks 
were filled with an oxide or hydroxide of 
iron, some clay and organic matter. In 
other cases they were sealed with a 
secondary development of silica in the 
form of quartz or chalcedony. 

The arrangement of the thin sections 
from each locality in order of bulk spe- 
cific gravity of the original pebbles indi- 
cated that there was usually a close rela- 
tionship between bulk specific gravity, 
pore structure, and durability. Pebbles 
having a bulk specific gravity greater 
than 2.50 were, in the majority of cases, 
compact, dense cryptocrystalline masses 
composed largely of quartz with minor, 
but variable, amounts of chalcedony, 
iron oxide, iron hydroxide, calcium car- 
bonate and carbonaceous matter (Fig. 
3(a), (6), and (c)). Open voids and 
cracks were generally absent and when 
they did occur they were not significant 
features of the structure. Healed cracks 
or seams were sometimes present, but 
they were sealed by a secondary develop- 
ment of silica or a form of amorphous 
iron oxide. Pebbles having a bulk spe- 
cific gravity of less than 2.30, in contrast 
to the +2.50, were characterized gen- 
erally by numerous open voids of vari- 
able size, but often sealed from each 
other by the dense cryptocrystalline 
groundmass (Fig. 3(d), (e), and (f)). 
These pebbles, like the ones hav- 
ing a bulk specific gravity of +2.50, 


were cryptocrystalline masses composed 
largely of quartz with variable amounts 
of chalcedony, iron hydroxide, iron oxide 
and carbonaceous matter. In fact the 
only difference evident between the 
+2.50 fraction and the — 2.30 from any 
one locality was the abundance of voids 
in the latter fraction. 

A further substantiation of the basic 
similarity in mineral composition of the 
+2.50 and — 2.30 cherts, from the same 
locality, was found by determining that 
their true specific gravities were within 
0.02 of the specific gravity of quartz 
(2.65), although their bulk specific grav- 
ities varied from 2.10 to 2.65. 

While it is not intended to over- 
emphasize a condition which occurred to 
any material extent in pebbles from only 
one of the localities studied (T-1), 
it is considered that some discussion is 
desirable concerning those pebbles 
having a bulk specific gravity of +2.50 
which contained numerous cracks, seams 
and voids “sealed” by amorphous iron 
oxide. Such pebbles are sometimes de- 
ceiving in that although they may have 
a bulk specific gravity of +2.50 and ap- 
pear to have a hard, dense structure, 
they have been found to fail in a con- 
crete freezing-and-thawing test. These 
pebbles are usually of a darker brown 
color than their more satisfactory neigh- 
bors and frequently have a rather dull 
luster. Under the microscope, they 
show no open voids or cracks, but do 
show an abundance of small areas or 
seams of amorphous iron oxide inti- 
mately associated with the crypto- 
crystalline silica groundmass (Fig. 4(a), 
(b), and (c)). When these pebbles are 
placed in hot Canada balsam or evacu- 
ated in liquid bakelite, in preparation 
for thin sections, it will be many minutes 
before the coating of minute air bubbles 
which cover the specimen disappear. 
This indicates the presence of in- 
numerable submicroscopic pores which 
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(a) +2.40 chert of class1. Shows coarse textured crypto- (b) +2.40 chert of class 1. Shows large quartz crystals 
crystalline silica in different degrees of optical in a cryptocrystalline silica groundmass. No voids 
orientation. No voids present. t. 


(c) +2.40 chert of class 2. Shows fine textured crypto- (d) —2.40 chert of class 2. Shows voids (larger round 
crystalline silica in different degrees of optical black areas) sealed from each other by the crypto- 
orientation. No voids present. crystalline silica groundmass. 


(e) —2.40 chert of class 2. The rounded black areasand (f) —2.40 chert of class 1. Shows large voids (black) in 
the black streak are open voids and an internal a relatively coarse cryptocrystalline groundmass. 
crack respectively. 


ae Fic. 3.—Thin Sections of Chert in Gravel, Crossed Nicols (X 100). 7 


(a) +2.40chert of class3. Showsa seam of quartz (white) (b) +2.40 chert of class 3. Shows a seam and area of 


i being replaced by brown iron oxide (black). The amorphous iron oxide (black) in a groundmass of 
bs white of the groundmass is cryptocrystalline silica cryptocrystalline silica (speckled gray). White 
q 


and the black is iron oxide and carbonaceous matter. areas are voids. Parallel nicols. 
Parallel nicols. 


(c) +2.40 chert of class3 Shows connected and isolated (d) —2.40 chert of class 5. Shows open voids (white) ina 
amorphous-iron-oxide filled voids (dark gray and groundmass of indistinct fossils replaced by crypto- 
black) in a groundmass of cryptocrystalline silica crystalline silica (mottled gray), amorphous iron 


(light gray). Polished section in reflected light. po mer and carbonaceous matter (black). Parallel 
nicols. 


(e) +2.40chertofclass4. Shows largecrystals of calcium (f) +2.40 chert of class 6. Shows fine textured crypto- 
carbonate (white) in a cryptocrystalline silica crystalline oolites (rounded speckled black areas) 
groundmass. Crossed nicols. 2 a dense ee cryptocrystalline groundmass. 

rossed nicols. 


Fic. 4,—Chert in Gravel 100). 
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are presumably present in the amorphous 
iron constituent since the cryptocrystal- 
line silica groundmass is in every way 
similar to that of pebbles which develop 
no coating of air bubbles when preparing 
them for thin sections. 

The greatest part of the iron con- 
stituent in all of the cherts examined 
was present as an amorphous hydrate 
which contains a variable amount of 
adsorbed and capillary water. The 
mineral is variable in composition and 
may range from the crystalline mono- 
hydrate goethite (Fe,O;-H,O) through 
a number of amorphous forms, including 
limonite, to the rather vague species 
limnite (Fe,03-3H2:O). Therefore, a 
seam or group of connected voids 
“sealed” by this constituent might be- 
come potential reservoirs for adsorbed 
and capillary water. When such seams 
reach to the outside of the pebble, they 
might be expected to act as wicks and 
a means by which water can be taken up, 
or given up, depending on the tempera- 
ture variations and moisture conditions 
surrounding the pebble. Freezing and 
thawing of such moisture within the 
seams would eventually cause rupture 
of the cryptocrystalline structure and 
allow a progressive ingress of capillary 
water to the more internal amorphous- 
iron-oxide-filled voids until an entire 
rupture of the pebble occurred under 
freezing conditions. The action would 
be similar in every way to that in which 
water filled open voids or pores and the 
final result would probably be the same 
although somewhat slower in developing. 

Chemical analysis of this type of 
pebbles showed them to have as high as 
6.4 per cent iron oxide, reported as 
Fe,O3, as compared with a satisfactory 
+2.50 chert from another district having 
1.9 per cent iron oxide. The absorption 
of these pebbles (2.8 per cent) was also 
the highest of any of the 2.50 cherts 
studied. 
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The chemical reaction noted by Stan- 
ton’ between opaline cherts and high- 
magnesian limestone with high-alkali 
portland cements was not observed in 
any of the cherts investigated. The 
test used for this potential reaction was 
the immersion of whole pebbles, and of 
fractured and pulverized specimens of 
the chert in 10 per cent solutions of 
sodium hydroxide for several weeks. 
The opaline silica in the rocks referred 
to by Stanton was readily dissolved and 
disintegrated by this test. 

The conclusion from the microscopic 
observations was that in a majority of 
cases the variation in bulk specific grav- 
ity of the chert pebbles was due to varia- 
tions in the relative abundance of the 
minute sealed and unsealed pores which 
are present in the cryptocrystalline 
groundmass. In the minor cases, where 
the amorphous iron oxide content is a 
factor in filling or sealing voids and frac- 
tures, the high specific gravity of this 
mineral may outweigh the buoyancy of 
the submicroscopic pores so that the 
pebble becomes classified in the 2.50 
group. Absorption tests may be neces- 
sary to differentiate these pebbles from 
the satisfactory dense 2.50 cherts. 

A microscopic classification of the 
cherts encountered in this investigation 
is given below. Only one of the clas- 
sifications was not basically crypto- 
crystalline silica. All of the classifica- 
tions are subject to variations and an 
estimate of durable quality should be 
based upon the flotation test. 

The classes are as follows: 


Class 1. Coarse-Textured Cryptocrystal- 
line Chert: 


These rocks were generally a light 
brown to buff or light gray color. They 
were very hard, dense, usually of vitre- 
ous luster, and broke with a distinct 
conchoidal fracture. Voids and pores 
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were usually absent or negligible in the 
cherts having a bulk specific gravity of 
+2.40. In polarized light, under the 
petrographic microscope, they showed 
a relatively uniform, dense, coarse- 
textured cryptocrystalline structure 
composed predominantly of quartz with 
minor amounts of chalcedony, amor- 
phous and crystalline iron oxide, calcium 
carbonate, and carbonaceous matter, 
(Fig. 3(a) and (b)). Pebbles of this type 
having a bulk specific gravity lower 
than 2.40 have a porous structure, as il- 
lustrated in Fig. 3(f), which would make 
them unsatisfactory as aggregate. 


Class 2. Fine Textured Cryptocrystal- 
line Chert: 


This type of rock was similar in 
general appearance to class 1, but ap- 
peared to have a little more vitreous 
luster on freshly broken surfaces. In 
polarized light, under the microscope, 
it had a much finer textured crypto- 
crystalline structure than class 1 with 
a composition almost entirely of quartz 
with a minor amount of impurities. 
This type of chert may vary from a 
distinctly porous mass to one almost 
devoid of pores. In general this type 
of chert would usually make good 
aggregate when properly classified by 
the flotation test (Fig. 3(c), (d) and (e)). 


Class 3. Iron Oxide and Hydroxide- 
Bearing Chert: 


While iron oxide and iron hydroxide 
are usually present in most cherts this 
classification is used to designate those 
cherts in which the iron oxides are a 
major constituent of the rock. This 
type of rock is usually a very dark 
brown color throughout, with a dull 
luster on broken surfaces. Streaks and 
patches of various shades of brown are 
common. Although these pebbles often 
appear to be dense and hard they 
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frequently break along fractures or 
seams. Under the microscope the cryp- 
tocrystalline silica structure is usually 
similar to classes 1 or 2, but, in addition, 
there is an unusual amount of amorphous 
iron oxide. A chemical analysis of a 
sample of this chert showed an iron 
oxide content of 6.4 per cent as compared 
with 1.9 per cent for a more durable 
and satisfactory brown colored chert. 
Because of the possibility of the presence 
of seams, cracks or voids sealed with 
a form of iron oxide, which may have an 
affinity for adsorbed water, pebbles of 
this classification should be questioned 
as durable aggregate although not all 
pebbles of this type were unsatis- 
factory (Fig. 4 (a), (0), (c) and (d)). 


Class 4. Calcium Carbonate Bearing 
Chert: 


Although calcium carbonate is present 
in most cherts in minor quantities, this 
classification is used to designate those 
cherts in which the calcium carbonate 
content is sufficient to be considered as 
one of the major constituents of the rock. 
This type of rock is usually a gray or 
light buff color and is often somewhat 
softer than classes 1 and 2. Under the 
microscope, the texture of the crypto- 
crystalline silica may be similar to 
either class 1 or 2, but, in addition, it 
contains an appreciable amount of 
calcite (CaCO;) intimately associated 
with the cryptocrystalline groundmass. 
Such pebbles often contain sufficient 
carbonate to effervesce readily in cold 
dilute hydrochloric acid. This class of 
chert when free of voids should make 
satisfactory aggregate in any construc- 
tion for which pet, limestone could 


be used (Fig. 4(e)). 


Class 5. F Chert: 


Chert pebbles containing an abun- 
dance of replaced fossils whether visible 
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to the naked eye or not, and whether 
replaced by quartz, chalcedony, or forms 
of iron oxide are included under this clas- 
sification. The fossils are embedded in 
a cryptocrystalline groundmass of silica. 
In the dense, hard varieties, iron 
oxide and carbonaceous matter often 
constitute a notable proportion of the 
mineralogical content of the pebbles 
giving them a dark color. Very porous 
specimens, on the other hand, may be 


Class 6. Oolitic Chert! 
To the casual observer, this type 
of chert may often appear similar to 
ordinary brown chert, but on breaking a 
pebble it is found to consist of innumer- 
able minute oolites. Under the micro- 
scope, the oolites in some cases proved to 
be very fine textured cryptocrystalline 
silica bonded by a coarser textured 
cryptocrystalline structure of silica (Fig. 
4(f)). In other cases, they proved to be 


Fic. 5.—Quartz Sand Grains Cemented by Cryptocrystalline Silica. Crossed Nicols (X 100). 


very nearly white. In general this type 
of chert should be viewed with suspicion 
as aggregate and should only be used as 
such after it has been found to pass the 
flotation test requirements. While 
many of the fossils in this type of chert 
have been completely replaced by quartz 
or chalcedony forming a dense compact 
mass, many have not been completely 
replaced and there may be an abundance 
of open or amorphous-iron-filled voids 
which would act as potential reservoirs 
for water and its destructive effects 
on freezing (Fig. 4 (d)). 


minute rounded quartz sand grains 
bonded by cryptocrystalline silica (Fig. 
5). Strictly speaking, this latter form 
would not be a chert. However, the 
pebbles of this type encountered in this 
investigation had all the outward appear- 
ances of oolitic chert and would easily 
be selected as such by the macroscopic 
observer. 


Class 7. Amorphous (Opaline) Chert: 


This type of chert was not found in 
any of the gravels listed in Table I, but 
a sample was obtained from California 
for purposes of comparison. This sam- 
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ple was a dull gray color streaked with 
brown. It was relatively soft and could 
be scratched with a knife blade, although 
it broke with a semi-conchoidal fracture. 
Under the microscope it was found to 
consist almost entirely of amorphous 
silica in which numerous distinct fossils 
were embedded (Fig. 6). In polarized 
light this type of chert did not show the 
characteristic cryptocrystalline structure 
possessed by the cherts studied for this 
investigation, but remained dark except 
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attempts to differentiate by visual 
examination between sound and unsound 
varieties of cherts found in gravels, ob- 
obtained from the regions included, is 
unsatisfactory and generally imprac- 
ticable of achievement, because the 
factors which influence durability are 
too frequently undiscernible to the eye 
or by low-power lenses. The color of 
the chert pebbles may have some rela- 
tionship to durability but it is too vague 
for practical use. 


Fic. 6.—Amorphous (Opaline) Silica Containing Fossils Replaced by Crystalline Silica. 
Parallel Nicols (< 100). 


for the scattered fossils replaced by 
crystalline silica. This material has the 
relatively low specific gravity of 2.10 
and would emphatically fail to pass the 
flotation test. Because of the nature of 
this type of chert and the presence of 
innumerable visible fracture cracks, 
which allowed pieces to be broken off by 
hand, this material would be expected to 
make very poor aggregate in concrete. 


DISCUSSION 
The tests and observations conducted 


during the investigation indicate that 


Quantitative analysis of a representa- 
tive sample of aggregate by an absorp- 
tion test alone is not a practical or desir- 
able procedure, because: (1) the presence 
of a relatively small, but objectionable, 
quantity of unsound chert would not be 
detectable in a gravel sample of basically 
low absorption, (2) materials other than 
chert may be present which have a rela- 
tively high absorption and yet may be 
sound in concrete, and (3) the absorption 
method does not lend itself well to 
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cations for structures of varying surface 
area — mass ratio or climatic exposure. 

Determination of the durable quality 
of chert contained in aggregate by means 
of a freezing-and-thawing test of the 
aggregate in concrete is unsatisfactory, 
particularly because there is no standard 
for such a test and the establishment of 
such a standard in the near future is 
unlikely. Furthermore, results of a 
freezing-and-thawing test are difficult to 
express quantitatively. 

A freezing-and-thawing test of the 
unconfined aggregate, as a means of 
determining the soundness of the chert 


sound chert, but only on an academic 
basis. The use of a polarizing micro- 
scope would be impractical as a means 
for testing aggregate in the field. How- 
ever, the microscopic studies proved 
that the unsoundness of the cherts in- 
vestigated was due principally to the 
nature and extent of the void structure 
of the rock. 

The 5-hr. boiling period was chosen 
for use in the absorption, bulk specific 
gravity and flotation tests for two rea- 
sons: (1) this period permits the accom- 
plishment of the entire flotation test 
during an 8-hr. day in the field, and (2) 


TABLE VII.—INFLUENCE 4 TIME OF BOILING AND EVACUATION ON THE ABSORPTION AND 
BULK SPECIFIC GRAVITY OF SAMPLE W-1. 


Basis of Separation 


Bulk 
Specific 


5-hr. Boiling 
Material 


5-hr. 
Evacuation 


36-hr. 


10-hr. Boiling Evacuation 


15-hr. Boiling 


Gravity 
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® The nonchert lighter than 2.40 in this sample 


content, is not satisfactory for the rea- 
sons stated above and because it would 
be influenced by the relative durability 
of the other minerals present. 

The magnesium sulfate soundness test 
provides a better and more reproducible 
means for testing the durability of 
unsound chert than does the freezing 
test. But, it is incapable of separating 
the unsound and the sound cherts. 
Many unsound cherts disintegrate differ- 
ently and more slowly in the sulfate test 
than do most other unsound aggregates. 

Microscopic analysis, competently 
performed, is an excellent method for 
differentiating between sound and un- 


| 


an argillaceous shale. 


results of longer boiling periods and peri- 
ods of evacuation developed no signifi- 
cant changes or improvements especially 
in the low gravity particles. A typical 
example of these influences on parallel 
samples of gravel W-1 is given in Table 
VII. The variations in the data are due 
undoubtedly to lack of perfect duplica- 
tion of mineral distribution in each of 
the parallel samples. 

The flotation procedure developed by 
this laboratory misses practical perfec- 
tion, as a mechanical means of deter- 
mining quantitatively the amount of 
unsound chert in aggregate, to the 
extent that there are some varieties of 
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unsound fractured chert containing rela- 
tively high percentages of iron which 
would not be detected by the test. 
There is also the fault that material other 


TABLE VIII.—DISTRIBUTION OF CHERT AND 
NONCHERT IN GRAVEL SAMPLE O1A. 


| | 
Classification of 
Distri- | | oncherts 
bution | Chert, 
by Flo-| per 
tation, | cent Carbon- 
per 


Not 


2.2 
| 1.0 | 0 
| 0:3 | 0.1 
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than unsound chert will float in a 2.40 
solution of bromoform. Lignite, wood, 
coal and highly absorptive argillaceous 
shale are the materials of this type, 
found in the samples tested, which are 
readily identifiable and present no prac- 
tical obstacle to the use of thetest. How- 
ever, a specie of sandstone was observed 
in one gravel sample which was very diffi- 
cult to identify macroscopically as non- 
chert. This sandstone and the argillace- 
ousshale were extremely absorptive. The 
sandstone had an absorption of 10.5 per 
cent and the shale had an absorption of 


Fic. 7.—Flotation Field Kit. Showing entire equipment packed in kit for transportation. 


Carrying case.—Constructed of oak plywood with copper 
strip protection along corners and edges. With lock 
and leather carrying handle. Interior constructed 
with shelves, inserts and containers for the secure 
Py d of parts during transportation. Weight— 


Flotation solution.—500 ml. of bromoform—mono-bromo- 
benzene with specific gravity desired —usually 2.40. 

._ In glass-corked bottle. Weight full —5.30 lb. 
Diluent —500 ml. of mono-bromo-benzene. _ Specific grav- 
ity 1.46. In glass-corked bottle. Weight full— 


4.20 lb. 

Hydrometer —In carton. Range 2.00 to 3.00. Calibrated 
in increments of 0.01 and accurate to 0.02 specific 

, gravity. Weight 0.40 lb. 

Dipping spoon. Wire mesh spatulate end on brass rod 
8in. long. Weight 0.10 lb. 

Flotation container—500 ml. conical glass graduate. 
Weight—1.50 Ib. 


Boiler.—Circular metal pan with cover of sufficient capac- 
ity to contain 20 lb. of pebbles plus sufficient water to 
cover sample during boiling period. Weight -1.80 lb. 

Tripod. —Circular metal tripod to support boiler over 
gasoline burner. Weight —2.20 Ib. 

Burner.—Gasoline —Barthol type. Weight—1.50 lb. A 
substitute may be used, but the small size, efficiency 
and light weight of this burner is advantageous. 

Fuel bese en tin can for gasoline fuel supply. Weight 


.30 Ib. 

Scale.—Eimer & Amend No. 17026 Solution Scale Triple 
Beam Balance (Ohaus) or equivalent with two 1000-g. 
and one yey extra weights. 

Cans. -Two }-gal. paint cans for separated samples after 
flotation. Weight 1.20 lb. 

Rags.—Rags or towels for hand drying boileds amples and 
for packing around equipment to eliminate chances of 
Tr) in kit during transportation. Weight— 
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12.3 per cent. The structure of these 
materials contained a network of large 
open pores and numerous unsealed voids. 
The large amount of water taken up by 
these pores during the 5-hr. boiling 
period provided a false bouyancy to the 
pebbles when introduced into the heavy 
gravity bromoform solution which is 
immiscible with water. Both materials 
would make most unsatisfactory aggre- 
gate for concrete. A typical example of 


Fic. 8.—Flotation Field Kit. 


the flotation of non-cherts is given in 
Table VIII. 

In spite of the defects described above, 
the flotation test affords a simple, rapid, 
mechanical field means for the separa- 
tion of a majority of the unsound chert 
in concrete aggregate. The equipment 
required is simple, rugged and can be 
packed in a compact kit-box (Figs. 7 and 
8) for transportation and use anywhere 
in the field. 

Reference to the durable quality of 
cherts in terms of bulk specific gravity 
would do much to alleviate the confusing 
suspicion which now surrounds the ma- 


terial as a whole. Also, reference to 
relative durability in such terms would 
permit the use of quantitative limits in 
specifications which would be suitable 
for individual projects. The limits could 
be variable in terms of gravity and per 
cent. 

From a field survey made recently, it 
may be estimated that use of the flota- 
tion test and a bulk specific gravity of 
2.40 would insure the detection of not 


Showing equipment in use. 


less than 75 per cent and, in most cases, 
up to 90 per cent of the unsound chert in 
the aggregate. The use of a higher sepa- 
ration gravity would probably introduce 
too many variables by including large 
percentages of nonchert rocks. 

Various investigators have reported 
that the degree of natural saturation of 
unsound chert pebbles has an important 
influence on the durability of the chert 
in concrete. Although this condition 
was not investigated specifically in this 
program, the theory is reasonable and 
compatible with the data presented 
herein. 
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to be the principal index of chert dur- 
The conclusions which appear to be bility. 
L indicated by the tests described herein 5. The separation of the unsound from 
e are as follows: the sound varieties of chert by means of 
1 1. The cherts in the regions investi- the flotation test appears to be a reason- 
r gated were composed basically of crypto- ably reliable, rapid, simple, mechanical 
crystalline silica with varying contami- ™eans for use in field determinations. 
t nations by the oxides and hydroxides of 4 ¢pnowledgment: 
iron, calcium carbonate, clay and car- 
df boniferous matter. Relatively little The investigations reported were con- 
rt chalcedony and essentially noamorphous ‘ucted as a research project of the Cen- 
(opaline) silica were observed. tral Concrete Laboratory of the North = 
2. Classification of cherts by use of Atlantic Division, U.S. Engineer Dept. 
the polarizing microscope is excellent for The authors are indebted to M. R. 
use in a research laboratory, but not Smith, Sam Goldman and Joseph Bayer = 
practical as a means for field or routine of the laboratory for their assistance in ra ; 
testing of aggregate. conducting the physical tests. 
3. The accelerated physical tests such Acknowledgment is made to the U.S. 
as freezing and thawing, magnesium sul- Engineer offices at Vicksburg, Miss., 
fate and absorption are useful, but not 4 at Louisville, Ky. for providing a 4 
satisfactory for judging the quantitative number of the gravel samples; to W. H. ae 
presence of unsound chert. McAlpine and B. W. Steele of the Office 
4. The bulk specific gravity appears of the Chief of Engineers and to Stanton _ ah 
to be closely related to the absorp- Walker of the National Sandand Gravel _- 
tive capacity of chert which appears Assn. for their helpful suggestions. 7) 


eA 


| 


THE CHAIRMAN (Mr. Stanton Walker'). 
—I wish to comment, at this time, on 
only one of the points mentioned by 
Messrs. Wuerpel and Rexford. They 
stated that they had subjected several 
cherts, both in the original solid form and 
in powdered form, to 10 per cent solu- 
tions of sodium hydroxide at room 
temperature and did not find them to be 
attacked. At the National Sand and 
Gravel Association Research Foundation, 
at the University of Maryland, we have 
been devoting a great deal of attention 
to chert gravels and we have been able 
to break them down by immersing them 
in sodium hydroxide solutions of various 
strengths up to 10 per cent. The rate 
of “digestion” is greatly affected by the 
temperature of the solution, as well as by 
the strength, it being extremely slow at 
room temperature and quite rapid at 
elevated temperatures. Just what the 
significance of the results is I do not 
know, but there appears to be some 
evidence to indicate that there is a vague 
relationship between the rapidity with 
which the different cherts are digested 
and their service records, the cherts 
which are slowly attacked by the sodium 
hydroxide having the better service 
record. 

Details of certain of our results are 
contained in the following discussion 
by Mr. Bartel. 

Mr. Frep F. Barrer? (by letter).— 
Tests carried out at the National Sand 
and Gravel Association Research Foun- 


1 Director of E 
Assn., Washington, 

2 Research Fellow, ‘Stanton Walker Fellowship of the 
National Sand and Gravel Association Research Founda- 
tion, of Park, Md. 


ineering, National Sand and Gravel 
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dation at the University of Maryland 
afford data which supplement the find- 
ings of Messrs. Wuerpel and Rexford. 
The authors point out that they investi- 
gated the chemical reaction between 
sodium hydroxide and the cherts which 


TABLE I.—DISINTEGRATION OF VARIOUS 
AGGREGATES BY A 10 PER 
SOLUTI 


CENT NaOH 


Clear quartz 

Clear quartz 

Stained quartz 

Stained quartz 

Coarse grained sandstone 
Coarse grained sandstone 
Limestone _ 


they studied, using a 10 per cent solution 
at room temperature and following the 
procedure described by Stanton® of the 
California Highway Dept. They found 
no reaction for either the chert pebbles 
or for material which had been 
pulverized. 

Our work at the University of Mary- 
land has involved studies of a number 
of chert gravels from long-established 
commercial sources. In exploratory 
tests, we have studied their reaction to 


3 T. E. Stanton, “Expansion of Concrete as Influenced 
by a Reaction Between the Cement -_ Aggregate,” 
Engineering News-Record, Vol. 124, No. 5, February |, 
1940, p. 59. 


} sO 
st 
te 
>. pe 
di 
ch 
di: 
up 
re: 
sh 
r of 
“? 
Sot 
an 
sel 
| 
te! 
Loss in 
Loss in| Weieht ont 
Weight |, After we 
After days 
Lot Rock Type 25 hr. 
No. 1249 1.0 | 
No. 1238 1.4 
No. 1249 1.5 | 
No. 1238 0.9 
No. 1021 0 
— No. 1019 0.5 
; No. 947 0 
No. 1081 | ert 100 
. No. 1062 Chert 100 
No. 1220 | Chert 100 | pel 
No. 1027 | Chert 57.5 
No. 1207| Chert 100 eve 
No. 1119 | Chert 100 | 
No.1234| Chert 100 Os: 
No. 1034| Chert | 100 at 
ran 
oth 
exc 
§6wit 
hr. 
res] 
of 
tha 
Qu: 
neg 
dov 
San 
of s 
at 


& 


co 

=) 


the 
und 
bles 
een 


ary- 
nber 
shed 
tory 
to 
enced 


gate 
ary |, 


DISCUSSION ON THE SOUNDNESS OF CHERT 


sodium hydroxide solutions of various 
strengths, up to 10 per cent, and at 
temperatures ranging from room tem- 
perature to 212F. Without exception 
disintegration has occurred for all of the 
cherts studied, although the rate of 
disintegration varied greatly, depending 
upon the quality of the material. 

The accompanying Table I gives the 
results of some of the first tests and 
shows the effect on different rock types 
of exposure to 10 per cent solutions of 
sodium hydroxide at room temperatures 
and at 212 F. Each test result repre- 
sents a single particle about 1 in. in size. 
In the case of the solution at room 
temperatures, no action was noted for 
several weeks and no measurements of 
weight were made during the early 


TABLE II.— EFFECT OF CONCENTRATION OF NaOH 

SOLUTION AT 212 F. ON RATE OF 
DISINTEGRATION. 

Sample Lot 1081 : 

Weight Loss 

After 25 hr., 

per cent 
0 


Solution 


2 per cent NaOH 
5 per cent NaOH 
10 per cent NaOH 


periods. After about four months, how- 
ever, action was apparent and the weight 
losses shown in Table I were determined 
at 134 days. For the chert gravels they 
range from 1 to about 10 per cent; for the 
other rock types studied, with one excep- 
tion, no disintegration took place. The 
exception was a coarse-grained sandstone 
with ferrous binder. Exposure for 25 
hr. at a solution temperature of 212 F. 
resulted in complete breakdown of all 
of the chert gravels except one, and 
that lost more than one-half of its weight. 
Quartz and limestone aggregates were 
negligibly affected. Considerable break- 
down occurred for the coarse-grained 
sandstone tested. 

In further exploratory tests, the effect 
of strength of solution was investigated 
at a temperature of 212F. The ex- 
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posure was for 25 hr.; it will be observed 
from the accompanying Table II that 
considerable disintegration was obtained 
with a 2 per cent solution. 


25 


20 


Loss in Weight, per cent 


190-210 


Fic. 1.—Effect of Temperature on Rate of 


Disintegration, Chert Gravel No. 1034 in 10 
per cent NaOH Solution. 


20 
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30 150 170 190 210 — 
Temperature, deg. Fahr. 


Fic. 2.—Effect of Temperature on Rate of 
Disintegration, Chert Gravel No. 1081 in 10 
per cent NaOH Solution. 


It is evident from Table I that the 
rate of disintegration is greatly affected 
by temperature of the solution. Ac- 
cordingly, further tests were made at 
temperatures varying from 130 to 212 F. 
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The effect of exposure to a 10 per cent 
sodium hydroxide solution for 5, 10, and 
15 hr. on two chert gravels is shown in 
the accompanying Figs. 1 and 2. No 
disintegration was found at 15 hr. until 
temperatures in excess of about 130 to 
150 F. were maintained. 


NR 


Loss in Weight, per cent 


120 
Time, hr. 
Fic. 3.—Effect of Time of Exposure on Dis- 


integration, Cherts in 10 per cent NaOH Solu- 
tion at 130 F. 


Since 130 F. impressed us as being a 
significant temperature, one readily at- 
tainable in the surface of a concrete road 
slab, further tests were carried out for 
periods up to 192 hr. The data are 
shown in the accompanying Fig. 3. Two 
chert gravels from commercial sources, 
graded 1 to ¢ in. and one crushed un- 
weathered chert (sometimes described 
as novaculite) graded 3 in. to No. 4 
were used. Reference to Fig. 3 will 
show that considerable disintegration 
occurred for all of the materials tested 
but that the rate varied greatly depend- 
ing upon quality. It is probable that 
the results for the crushed chert (1004) 
are not strictly comparable with the 
others because of the smaller size used. 

The accompanying Fig. 4 is of consid- 
erable interest since it suggests that time - 
rate-of-disintegration relationship curves 
for different temperatures are of the same 
shape. In other words, the periods 
required to produce a given disintegra- 
tion vary linearly with the temperature. 
For example, in Fig. 4 it will be’ seen 
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Fic. 4.—Relationship Between Temperature at Exposure and Rate of Disintegration, Crushed Chert 


nweathered) in 10 per cent NaOH Solution. 
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that for the single material tested it took 
24 times as long to obtain a given dis- 
integration at 130 F. as it did at 212 F. 
Other quite limited data indicate that 
this ratio of periods required at 130F. 
to that required at 212 F. may be as low 
as 10 for certain of the materials which 
are attacked. Similarly, a comparison 
of data from Table I and Fig. 3 indicates 
that the time required to produce a given 
disintegration at room temperatures is 
25 to 50 times that at 130 F. 

Tests were also made to determine the 
distribution of particles by specific grav- 
ity on four chert gravels from commercial 
sources using a method similar to that 


TABLE III.—DISTRIBUTION OF PARTICLES OF CHERT GRAVEL BY SPECIFIC GRAVITY. 
Samples sieved to pass 1-in. sieve and to be retained on }-in. sieve. 


Stanton Walker. Much of it was started 
by M. Cedric Gleason of the laboratory 
staff and Mr. Gleason has cooperated 
in the continuation of the work carried 
out as part of the fellowship research. 
Messrs. F. V. REAGEL‘ AND T. F. 
Wiuls‘ (by /etter)—The authors have 
performed a real service by bringing to 
the attention of engineers some of the 
recent work on the use of chert as coarse 
aggregate, also by their petrographic de- 
scription of some of the cherts of the 
Mississippi Valley area, and by out- 
lining a method for separating aggregate 
particles of different porosities. To many 
of us the chert problem is an old but 


Lot 


Per cent of Sample in Each Specific Gravity Range 


2.10 to 2.19 


2.20 to 2.29 2.40 to 2.49 | 2.50 to 2.59 


2.30 to 2.39 2.60 to 2.69 


. 1026, per cent by weight 
per cent by number 
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of the authors. The data are shown in 
the accompanying Table III. Further 
studies of the characteristics of the 
-materials in the different specific gravity 
brackets are under way. 

If the reaction between aggregates and 
sodium hydroxide solutions is related 
to the action of aggregates in concrete 
made with high alkali cements, as Stan- 
ton’ suggests, the results of these explor- 
atory tests may be of considerable 
significance. However, it should be 
pointed out that our investigations have 
not gone far enough to permit us to say 
that such a relationship exists for the 
materials we are studying. 

The work described herein was carried 
out under the general supervision of 


still annoying question and anything 
which may assist in its answer is most 
welcome. 

Recently the Research Division of the 
Bureau of Materials of the Missouri 
State Highway Dept. has inaugurated, 
as one phase of a general investigation, 
tests along the lines described by Messrs. 
Wuerpel and Rexford. A few data are 
available which may be of interest as a 
complement to their work. The initial 
results presented here are based on tests 
of a chert gravel coarse aggregate which 
has a poor service record in concrete 
pavements. The aggregate as produced 


4 Engineer of Materials, and Chief of Research Divi- 
sion, respectively, Bureau of Materials, Missouri State 
Highway Dept., Jefferson City, Mo. 
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bulk specific gravity of 2.51 and, in the 
___- stream-wet condition, 3.8 per cent ab- 
sorbed moisture. By means of high 
gravity liquids (various mixture of carbon 
tetrachloride, specific gravity 1.59, and 


which contained the same mortar. From 
the concrete 33 by 43 by 16-in. beams 
were fabricated. When 28 days old, 
the beams were subjected to consecutive 
cycles of freezing in air and thawing in 
water. The temperature-time record of 
the cycle used is shown in the accompany- 


acetylene tetrabromide, specific gravity 
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7 Fic. 5.—Resistance to Freezing and Thawing of Concretes Made with Chert Gravel Aggregate of 
re Different Bulk Specific Gravities. 


Legend Aggregate Concrete 
Bulk Spetic Gravity Size of . 
Range \Average Slumpin| Mix \ve Specimenin 
——— |No/| -24 +25] 2.5/ | 3¢ 7 days 
Wall -24| 2.34 | 42 |1:288: Width 32 \moist room, 
WN 4242.5) 2.48 | 4. by 077 Depth 42 \2idaysin 
Wo} 4251 258 | lobs.voll \Lenath 16| water at 
265 | 2 70 F. 


2.95) and a technique essentially similar 


to that described in the paper, the 
_ saturated aggregate was separated into 


three fractions of different bulk specific 


. gravities, namely, less than 2.4, 2.4 to 


2.5, and over 2.5. 

These three gravity fractions, similarly 
graded from 1} to } in., were incorpor- 
ated in three batches of concrete all of 


i j 


ing Fig. 6.5 Tests on the concrete 
specimens were made immediately prior 
to the initial cycle of freezing and thaw- 
ing and at the end of 1, 3, 5, 7, 9, and 10 
cycles. These tests consisted of the 


5 As a sideline to this discussion, the writers cannot 
pass up the opportunity of stressing their idea of the 
importance, in reporting any results of tests involving 
freezing and thawing, of a full description of the freezing- 
and-thawing cycle used. 
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determination of the modulus of elas- 
ticity by the dynamic method® and of 
the specimen length by means of 10-in. 
Whittemore strain gage. 

The results are shown in the accom- 
panying Fig. 5, in which the percentage 
decrease in elastic modulus and the 
percentage increase in length are plotted 
against the number of cycles of freezing 
and thawing. For comparison, the re- 
sults on concrete made from the stream- 
wet aggregate containing all the gravity 
fractions in the proportions in which 
they naturally occur (curve 3), and also 
from aggregate No. 2 (curve 5) a non- 
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cellent criterion of the relative deterior- 
ation of different concretes. 

It is evident from the graphs that, for 
the particular aggregate employed, the 
resistance to the accelerated freezing- 
and-thawing cycle used is much greater 
for concrete containing the aggregate 
fraction of greatest bulk specific gravity 
than for that containing aggregate 
fractions of lower gravity. It is also 
indicated that removal of the low- 
gravity aggregate fractions (less than 
2.5), of which there are approximately 
43.0 per cent in the stream-run material, 
and use of only the highest gravity 


record, are also plotted. 

The graphs show that the deteriora- 
tion of the various concretes under the 
accelerated freezing-and-thawing cycles 
used was qualitatively the same regard- 
of less of whether the deterioration’ was 
measured by “‘decrease in elastic modu- 


lus” or “increase in length.” These 
te and numerous other tests have convinced 
or us that, when concrete deterioration 
v- under freezing and thawing is due to an 
10 unsound aggregate, either test is an ex- 


1€ 
_ © For a complete description of the apparatus used see 
discussion by Willis and De Reus of the paper by W. T. 
Thomson, p. 1123. 
on ? For discussion and illustration of the relation between 


concrete deterioration as measured by “‘decrease in elastic 
modulus” and “decrease in flexural strength” see p. 1127 
and Fig. 3 of the discussion by Willis and De Reus of the 
paper by W. T. Thomson. 
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chert which has an excellent service fractions (over 2.5) produced concrete 


that was more resistant than that in 
which the stream-run gravel was used. 
However, the difference in the re- 
sistance to freezing and thawing in these 
two cases (curve 4 versus curve 3) is 
not nearly so great as it is between 
concretes made from the two lower 
gravity fractions and that made from 
the highest gravity fraction (curves 1 
and 2 versus curve 4). In other words, 
removal from the stream-run material 
of all the aggregate having a gravity less 
than 2.5 caused only slight improvement 
in the resistance of concrete to freezing 
and thawing, but use of only the lower 
gravity fractions as aggregate resulted 
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jn a material decrease in the resistance 


of the concrete. 
One of the principal points brought 
out by the tests is that concrete made 


_ from even the highest gravity fraction 


(all particles over 2.5 and an average 
bulk specific gravity of 2.58) of the 
aggregate having a poor service record 
showed considerably less resistance to 
freezing and thawing than that of the 
non-chert aggregate which has a good 
service record (compare curves 4 and 
5). Wuerpel and Rexford state that 
the high gravity fraction of one of the 
aggregates they tested also showed 
considerable deterioration. They ex- 
plain this on the basis of the occurrence 
of particles that contained seams filled 
or sealed with amorphous iron oxide. 
The iron, having a higher density than 
the chert, caused the particles to fall 
in the high gravity fraction despite the 
fact that they were relatively porous and 
absorptive. While we have made no 
petrographic examination of our aggre- 
gate, there is no macroscopic evidence 
that such a condition exists; nor does the 
relative absorption of the different frac- 
tions indicate this to be the case. 
Rather, we fear, our results indicate 
that the degree of porosity of a particle 
is only one of the conditions which 
delineate the durability of the particle. 
If this be true, mere knowledge of the 
bulk specific gravity of aggregate par- 
ticles will not give evidence of their 
relative durability. Other investigators 
have pointed out that the size of the 
pores and their degree of saturation 
are probably as important as the total 
porosity in influencing the resistance of 
aggregate to freezing and thawing. 
Furthermore, it is entirely possible that 
chert or any other aggregate particles, 
even though having a very low porosity 
may cause concrete, in which it is used, 
to have a poor resistance to freezing 
and thawing. We are thinking particu- 


larly of aggregate particles which, due 
to the conditions under which they were 
formed and to the orientation of the 
mineral grains, may be under consider- 
able internal stress. 

By the foregoing, we do not intend to 
condemn the gravity test as a criterion 
of the relative durability of aggregate 
particles but do suggest that its implica- 
tions, with respect to an aggregate whose 
service record is not known, should be 
carefully considered. 

The authors state that determination 
of the durability of chert contained 
in aggregate by means of a freezing-and- 
thawing test of the aggregate in concrete 
is unsatisfactory. They cite as reasons 
for this statement that there is no 
standard for such a test and that results 
of a freezing-and-thawing test are diffi- 
cult to express quantitatively. Their 
first reason could be applied to any of 
the so-called soundness or durability 
tests and, therefore, should not serve 
as a specific condemnation of the freez- 
ing-and-thawing test. As for their 
second reason, it has been our experience 
that both the “loss in flexural strength” 
and the “loss in the elastic modulus” 
have very promising possibilities as 
methods of determining and quantita- 
tively expressing the effect of freezing 
and thawing. Admittedly, there is need 
for further study of the variables in- 
volved in the freezing-and-thawing test 
and for closer control or elimination of 
certain of these variables. We would 
strongly advocate that the proper com- 
mittees carry on such a study in the near 
future lest dissatisfaction, such as the 
authors express, become general and 
cause premature abandonment of the 
test. 

The authors also express their dis- 
satisfaction with the freezing-and-thaw- 
ing test as applied to unconfined 
aggregate for the same reasons cited 
against the freezing-and-thawing test 
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of the aggregate in concrete, and also 
because they say the results would 
be influenced by the relative durability 
of minerals other than chert which might 
be present. Based on our experience, 
it is our belief that the A.S.T.M. Tenta- 
tive Method of Test for Soundness of 
Aggregates by Freezing and Thawing 
(C 137 — 38 T)® might, with a few mod- 
ifications, be satisfactory. With regard 
to the influence of extraneous minerals 
on the results of this test, we fail to see 
that this is a point in question. Cer- 
tainly the prime purpose of a durability 
test applied to any aggregate is to 
determine the durability of that aggre- 
gate as a whole, regardless of whether 
it be made up of one or a number of 
minerals. 

In discussing the magnesium sulfate 
test, the authors state that this test 
provides a better and more reproducible 
means for testing the durability of un- 
sound chert than does the freezing-and- 
thawing test but that it is incapable of 
separating the unsound and _ sound 
cherts. From our experience with the 
freezing-and-thawing test, we would 
suggest that if, in making this test, the 
samples were subjected to a vacuum 
treatment and permitted to absorb the 
magnesium sulfate solution while under 
vacuum, it is possible that more con- 
cordant results might be obtained. 
However, we cannot agree that the 
magnesium sulfate test has any merits 
which are not possessed by the freezing- 
and-thawing test. In fact, in our opin- 
ion it is subject to all the objections 
that pertain to the freezing-and-thaw- 
ing test and, in addition, is completely 
artificial, reproducing in no known way 
any of the actual weathering to which 
aggregate is subjected. 

There is one point regarding the so- 
called flotation-separation method which 


® 1939 Book of A.S.T.M. Standards, Part II, p. 990. 
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should be called to the attention of 
users, namely, that the greater the 
proportion of the total pore space filled 
with water prior to flotation, the higher 
the gravity group into which a particle 
will fall. In other words, if two particles 
have equal density and porosity but the 
first has a larger proportion of im- 
permeable pores, it will fall in a lower 
gravity group than the second. If 
Messrs. Wuerpel’s and Rexford’s con- 
clusion that “the absorptive capacity 
of chert which appears to be the principal 
index of chert durability” is correct, the 
flotation test may under certain circum- 
stances give misleading results, that is, 
in the case of porous particles which 
do not absorb water. 

Messrs. CHARLES E. WUERPEL® and 
E. P. Rexrorp® (Authors’ closure by 
letter).—In reply to Mr. Stanton Walk- 
er’s comments on the disintegration of 
chert by sodium hydroxide, we wish to 
point out that during our study of chert 
we had immersed a number of chert 
pebbles in a 10 per cent solution of 
sodium hydroxide for several weeks at 
room temperature. At the time of writ- 
ing the paper no apparent attack on the 
chert pebbles could be observed. This 
fact is borne out by Mr. Bartel in his dis- 
cussion of our paper wherein he found 
that “no action was noted for several 
weeks” when the cherts were subjected 
to room temperature. 

This test had been made by the 
authors simply to obtain a comparison 
between the reactivity of the California 
chert, as reported by T. E. Stanton, 
which we also found to disintegrate 
readily in the sodium hydroxide solution, 
and those cherts which we were in- 
vestigating. No complete study of the 
reactions between chert and sodium 
hydroxide was attempted because it was 

® Engineer-in-Charge, and Associate Petrographic 
Microscopist, penpeceeyeny, Central Concrete Laboratory, 


North Atlantic Division, U. S. Engineer Dept., U. S. 
Military Academy, West Point, N. Y. 
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considered to be beyond the scope of the 
present paper. 

Most of the pebbles which we had 
immersed in the sodium hydroxide solu- 
tion were thrown away as soon as it 
was definitely shown that no disintegra- 
tion such as that which is experienced 
with the California opaline cherts was 
to be encountered with the cherts under 
investigation. However, a few pebbles 
were left in the solution up to the present 
time, about six months, and although a 
sediment in the bottom of the bottle 
indicates that some reaction has oc- 
curred the pebbles themselves are still 
as hard as when they were first placed in 
the solution. We mention this with the 
realization that it gives very little scien- 
tific information other than to show that 
some pebbles of chert may remain hard 
and apparently durable for extended 
lengths of time in a 10 per cent sodium 
hydroxide solution at room temperature. 

Mr. Bartel is to be commended on his 
investigation of the reactions between 
different rock aggregates and sodium 
hydroxide solutions. Such a study is of 
fundamental importance. We question, 
however, the advisability of selecting a 
temperature above that of the higher 
climatic temperatures as the significant 
temperature to investigate, unless, of 
course, that temperature is to be con- 
sidered only as giving a possible ac- 
celerated service condition. While 130 
F. may readily be obtainable in a con- 
crete road slab, it seems unlikely that 
such a temperature would persist under 
the moisture conditions necessary to 
cause a chemical reaction between the 
relatively small alkali content of the 
cement and a reactive aggregate. 

While it is assumed that this study 
was made with the idea of investigating 
the detrimental effects on the aggregate 
particles of alkalies present in cement, it 
might be expected to be of still further 
significance when applied to alkalies 
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present in the curing water and in pos- 
sible ground waters with which the con- 
crete may come in contact. Along this 
same line the study of the effects of 
carbon dioxide, taken from the atmos- 
phere by rains, might prove to be of 
considerable value. Carbonic acid is 
known to play an important role in the 
natural disintegration of many rocks. 
The discussion by Reagel and Willis 
is appreciated by theauthors. While, in 
general their observations are con- 
cordant with those set down in the 
original paper, various divergencies of 
opinion exist, as would normally be ex- 
pected. In reply to their statement that 
a concrete made of the highest gravity 
fraction of a poor service cherty aggre- 
gate had shown a lower resistance to 
freezing and thawing than had a con- 
crete made with a nonchert aggregate 
with a good service record, we should 
like to point out that it was not our 
intention to imply that cherty gravel 
should be expected to make as good an 
aggregate as some of the best nonchert 
gravels. We did, however, attempt to 
show that many cherts can make satis- 
factory aggregate, and thus many other- 
wise satisfactory gravels having a moder- 
ate amount of chert need not necessarily 
be condemned because of its presence, as 
is often the tendency at the present time. 
Furthermore, it is not quite clear in 
the discussion as to whether the highest 
and lowest gravity fractions mentioned 
therein apply to bulk specific gravity 
fractions of chert or of the aggregate as 
a whole. If the latter is the case, it is 
conceivable that the flotation procedure, 
as described in our paper, might en- 
counter difficulties. The selection of 
2.4 bulk specific gravity for the dividing 
line between good and bad chert was 
based on the action of chert pebbles, 
above and below that gravity, in freez- 
ing and thawing and in the magnesium 
sulfate test. Use of the flotation pro- 
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cedure to determine good from bad 
aggregate in other rock types would 
very possibly necessitate the use of a 
higher bulk specific gravity as the divid- 
ing line. Moreover, if the method of 
floating the total aggregate was used by 
Reagel and Willis in their experiment, 
there is a very good possibility that the 
nonchert pebbles were of inferior qual- 
ity and were the cause of the relatively 
lower resistance to freezing and thawing 
and not the chert, as might be inferred 
from their discussion. 

We agree that very often more com- 
plete tests, such as the freezing-and- 
thawing, the magnesium sulfate or a 
petrographic examination may be ad- 
visable and even necessary before a 
cherty gravel should be placed in service. 
As was pointed out in the original paper, 
cases can be encountered in which high 
gravity chert may fail in these tests. 
The paper offered an explanation, based 
on microscopic evidence, of one such 
failure. Such evidence could not be 
seen macroscopically as Reagel and 
Willis attempted to do. 

Unquestionably the size of the pores 
and their degree of saturation is im- 
portant in influencing the resistance to 
freezing and thawing. However, the 
fact remains that any pore or void ca- 
pable of taking up and retaining water 
may be expected to develop internal 
stresses which can readily become sufh- 
ciently intense to cause rupture of the 
pebbles when under freezing conditions. 
In a sense the flotation test takes care 
of the question of pore size and degree 
of saturation in that it indicates whether 
or not sufficient total pore space is pres- 
ent to cause rupture when it is satu- 
rated under freezing conditions. The 
selection of a bulk specific gravity of 
2.4 or above for satisfactory chert does 
not mean that a chert pebble of that 
gravity has no pores but that the pores 
present are sufficiently small and few 
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so that the cohesive strength of the 
cryptocrystalline structure is sufficient 
to withstand the pressure exerted in 
freezing. Unfilled or partially filled 
pores would exert less pressure than 
completely filled pores because of the 
space available for the development of 
the ice crystals. 

The effects of internal stresses in rock 
caused by the mode of formation or crys- 
tal orientation are, of course, well known, 
particularly as applied to igneous types 
of aggregate. It, however, has very 
little bearing on this paper. 

In general the authors have no con- 
troversy with the freezing-and-thawing 
test nor do they suggest its replacement 
by the flotation method. It is fre- 
quently used in this laboratory, as also 
is a cathode ray oscillograph for measur- 
ing the “‘loss in elastic modulus.”” How- 
ever, for the determination of the dura- 
bility of chert pebbles, it has not been 
found practical or reliable at this labora- 
tory. Subjecting the samples to a 
vacuum before freezing and thawing has 
not been attempted and it is very pos- 
sible that more concordant results could 
be obtained by so doing. However, it is 
a time-consuming method requiring 
considerable apparatus before usable 
results can be obtained, and it is, there- 
fore, a definite laboratory procedure. 
The flotation test, on the other hand, 
was introduced with the idea of offer- 
ing a relatively quick, easy and inex- 
pensive method of determining in the 
field whether a cherty gravel should be 
summarily condemned because of its 
unsound chert content or whether more 
extensive and expensive tests were 
warranted. 

The point mentioned by Reagel and 
Willis concerning the possibility of error 
being encountered by the fact that two 
pebbles having equal density and poros- 
ity may differ in the degree to which 
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they absorb water, does not seem to be of 
practical ; significance. The pebble 
which did not absorb water would of 
course be the lighter of the two in weight 
and would be classified in the lower 
gravity brackets by the flotation test, as 
it should be. The other pebble while 
heavier than the first could not possibly 
be expected to attain sufficient weight, 
by absorbing water with a specific grav- 
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ity of 1.00, to sink in a liquid with a 
gravity of 2.40, thus making it appear 
to be a satisfactory pebble when it was 
not. The most that.such a condition 
could show would be to indicate that the 
unsaturated pebble was somewhat more 
unsatisfactory than it actually was but 
since it does not pass the flotation test 
anyway its degree of unsuitability is 
irrelevant. 
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DESIGNING CONCRETE MIXTURES FOR PAVEMENTS —_” 


By 


SYNOPSIS 


The purpose of this paper is to describe a method of investigating the 
flexural strength of concrete in connection with the problem of designing 
concrete mixtures for pavements, and to present the results of a series of 
laboratory tests which demonstrate how flexural strength may vary over a 


wide range due to the characteristics of the aggregates employed. 


It will be taken for granted at the 
outset that all pavement concrete, par- 
ticularly that laid in the northern states, 
must be designed so as to afford maxi- 
mum resistance to weathering agencies. 
Assuming that the constituent materials 
are durable, it is generally agreed that 
when normally graded aggregates are 
used this may be accomplished either 
by placing a maximum limit on the 
water-cement ratio or by requiring a 
cement content sufficiently high to 
insure that the maximum allowable 
water content will not be exceeded. 
The necessity for limiting the water- 
cement ratio to insure durability applies 
to all concrete exposed to the weather. 
In so far as strength characteristics are 
concerned, concrete for most purposes 
need only be investigated for compres- 
sive strength. However, compressive 
strength is not of primary importance in 
concrete for pavement slabs because 
of the character of the stresses to which 
such slabs are subjected. Live loads 
and changes in temperature and mois- 
ture, either alone or in combination, 
produce tensile and flexural stresses 


Pomemng | Engineer, Public Roads Administration, 
Washington, D.C. 


which pavements must resist in order 
to perform the function for which they 
are designed. Of the two, the flexural 
stresses are the more important. For 
this reason, flexural or bending stresses 
rather than compressive stresses be- 
come critical. Therefore, it becomes 
the problem of the designer of concrete 
paving mixtures to give consideration 
not only to the factors which affect 
durability but also to those variables 
which affect flexural strength. 

The specifications for pavement con- 
crete of the American Association of 
State Highway Officials specify that the 
proportions shall be based on laboratory 
tests and shall be such that, in the 
judgment of the engineer, they will 
assure durable concrete of the plasticity 
and workability required, and which 
will attain at the age of 14 days a 
modulus of rupture not less than 550 
psi. when tested by the third-point 
method of loading. In order to assure 
durability it is further specified that the 
net water-cement ratio shall in no case 
exceed 6.0 gal. per sack of cement. 

The tests reported in this paper were 
obtained in an investigation of the 
design of concrete mixtures in which 
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25 different combinations of fine and factor required for various combinations 
coarse aggregate were used, the require- of available aggregates, the information 
ment being compliance with the above thus obtained to be used as the basis 
specification. The work was done in for bidding. Seven sands and 13 coarse 
the laboratory of the Public Roads aggregates, all commercially available 
Administration during 1936 at the in North Carolina, were investigated. 
request of the State Highway and Public The 25 combinations of materials were 
Works Commission of North Carolina. selected on the basis of economic avail- 
The purpose was to establish the cement ability and represented practically all 
combinations of aggregates that were 
likely to be encountered in practice in 
that state. 
As will be noted from Table I, the 
Sieve | Sieve | Sieve |Sieve |Sie sands varied in grading over a wide 
"1 t6 ; range, the fineness modulus of the finest 
being 2.12 and that of the coarsest, 3.37. 
All coarse aggregates were separated 
into three sizes and recombined for test 
in accordance with the grading shown 
in Table II, the maximum size being 


Percentage Retained on 
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TABLE II.—PHYSICAL PROPERTIES OF AGGREGATES. 


Weight, 
Bulk Ib. per cu. ft.* Voids, per cent : 

Specific Absorption, 

Gravity cont 


Abrasion Loss, 
per cent 


Los 
Angeles? Deval’ 


Dolomite 
Dolomite 
Limestone 
Granite 
Granite 
Granite 
Granite 
Granite 
Granite 


30 30 
Un 
ERSSSSESN 
in Ge tn 
OF 


Gneiss 


juartz 
artz 
rtz 
rtz 
artz 
artz 
uartz 


uartz 
uartz 
juartz 


13 


* All coarse aggregates proportioned to give — — inconcrete. Unit weights determined for this grading: 
Total retained on 2-in. sieve. 
Total retained on 144-in. sieve.. 15 per cent 
Total retained on %-in. sieve 70 per cent way? 
Total retained on No. 4 sieve 100 per cent 
Fineness modulus 


ihe b Grading A used with both stone and gravel. 
Grading A used with gravel. Stone sample consisted of 50 pieces weighing 5 kg. 
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| 
con 
Gra ang 
No.10.....| 18.5 wel 
14.6 
No. 12..... 8.2 gra 
No. 13..... | 19.4 coa 
£ SAND pra 
98 91 40 45 | 0.40 sig! 
No. 2...... 100 93 39 43 0.50 mir 
98 93 40 43 0.40 
4 98 92 40 44 0.40 fact 
5 No. 5...... 103 97 38 42 0.35 
ae No. 6...... | 101 94 39 43 0.32 cor: 
No. 7...... 99 94 39 42 0.70 was 
tria 
* age 
unt 
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2in. This table also gives the mineral 
composition of both the fine and coarse 
aggregates as well as their physical 
properties. One lot of cement, meeting 
all A.S.T.M. requirements, was used 


throughout. “al 


In order to determine the required 
cement content for each combination 
of materials, it was decided to establish 
directly the relationship between cement 
content and flexural strength at 14 days, 
using mixtures with five different cement 
factors as follows: 4.4, 5.2, 6.0, 6.8, and 
7.2 sacks of cement per cubic yard of 
concrete. This procedure also afforded 
an opportunity to establish the corre- 
sponding relationship between water- 
cement ratio and flexural strength. 

The decision to design the mixes on 
the basis of a fixed cement factor rather 
than by the use of fixed water-cement 
ratios was made because of the fact that 


PROPORTIONING 


in the North Carolina specifications the 
final proportions are stated in terms of a 
fixed cement factor for each aggregate 


combination. The problem therefore 
resolved itself into one of designing 125 
different concrete mixes; five cement 
contents with each of the 25 combina- 
tions of aggregates. The problem was 
complicated by the fact that both 
angular and rounded coarse aggregates 
were used in combination with sands 
graded from extremely fine to extremely 
coarse. In keeping with North Carolina 
practice the different mixes were de- 
signed with a view to maintaining a 
minimum of sand consistent with satis- 
factory workability at a consistency 
corresponding to a slump of 23 in. This 
was accomplished by making numerous 
trial batches, the ratio of fine to coarse 
aggregate being adjusted in each case 
until, in the opinion of the operator, 
the minimum sand content was reached. 

The final proportions for each of the 


Water,” 


five cement factors and for each of the 
25 aggregate combinations are shown in 
Table III. This table includes, in 
addition to the mix proportions by 
weight, the water-cement ratio by vol- 
ume, the value of W,, that is, the volume 
of water in a unit volume of concrete, 
the ratio b/b, as defined by Talbot and 
Richart,2 the mortar voids ratio,’ the 
percentage of sand by weight, the fine- 
ness modulus of the combined aggregate 
and the resulting slump in inches. 

In view of the fact that it was neces- 
sary to design 25 different mixes for 
each cement content, attempts were 
made to apply certain theories of mix 
design to the problem of determining 
the proper percentage of sand to use in 
each case. An attempt to use the 
fineness modulus theory of Abrams‘ 
proved unsuccessful due to the fact 
that a fixed value for maximum per- 
missible fineness modulus could not be 
used, even in the case of a given sand 
combined with several coarse aggregates 
of the same general particle shape. 
Next, an attempt was made to design 
on the basis of a fixed value for the mor- 
tar voids ratio (that is, a constant 
excess of mortar, expressed on a per- 
centage basis, over the amount necessary 
to fill the voids in the coarse aggregate). 
This was found satisfactory as long as 
particle shape remained reasonably con- 
stant. However, as will be noted in 
Table III, a change from angular to 
rounded coarse aggregate resulted in 
an increase in the value of this ratio. 


2A. N. Talbot and F. E. Richart, “The Strength of 
Concrete —Its Relation to the Cement, Aggregate and 
Rulletin 137, Engineering Experiment Station, 
University of Illinois, October 15, 1923. The term b/d is 
defined as the ratio of the absolute volume of coarse aggre- 
gate in a unit volume of concrete (b) to the absolute volume 
of coarse aggregate in a unit volume of coarse aggregate 
(bo). Stated in different terms, it is the apparent volume 
of coarse aggregate in a unit ‘volume of concrete. The 
values given in Table III are on a drv-loose basis. 

3 The ratio of the volume of mortar in a unit volume of 
concrete to the volume of the voids in the coarse ag- 
gregate in a dry-loose condition. 

brams, ‘“The Desien of Concrete Mixtures,” 
Bulletin No. . Structural Materials Research Laboratory, 
Lewis . Institute (1919). 
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TABLE III.—DATA ON MIXES. 
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* Volume of water per unit volume of concrete. 
** See footnote 2 in text. 
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(Compare combinations 2-4 to 2-9, 
inclusive, with combinations 2-11 and 
2-13.) 

This particular difficulty was over- 
come by using a fixed value of b/d, in 
place of a constant mortar-voids ratio. 
After making many trial batches it was 
found that, for a given cement content 
and a given sand, a constant value of 
b/b, could be used irrespective of type 
of coarse aggregate. (See Table III.) 
It was noted, furthermore, that certain 
consistent changes in b/b, resulted 
from changing the cement factor and 
sand grading. Thus, for a given sand, 
Table III shows that an increase in the 
cement factor of 0.8 sack resulted in a 
decrease of 0.01 in 6/b, for equal work- 
ability. Furthermore, as the sand be- 
came coarser, it was found necessary to 
reduce the value of b/b,. Thus at 6.0 
sacks per cubic yard, the value of this 
ratio decreased from 0.90 for sand No. 
1 (fineness modulus = 2.12) to 0.80 
for sand No. 7 (fineness modulus 
= 3.37). 

It is believed that the systematic 
variation in 6/b, with changes in cement 
content revealed by these tests together 
with the principle stated by Lyse® in 
1932 to the effect that, for a given com- 
bination of materials and a given con- 
sistency the total quantity of water 
per unit of volume of concrete (W-) 
is constant regardless of the cement 
content, makes it possible to simplify 
considerably the problem of designing 
mixtures of varying cement content. 
Having established by trial the proper 
value of b/b, to use with given aggre- 
gates and with a given cement factor, 
the proportions required for the same 
consistency with any other cement 
factor may be obtained by computation, 
provided the aggregates have the same 
gradations as those used in the trial 


5 Inge Lyse, ““Tests of Consistency and Strength of 
Concrete Having Constant Water Content,” Proceedings, 


Am. Soc. Testing Mats., Vol. 32, Part II, p. 629 (1932). 


batch. This is illustrated by the fol- 
lowing example: 


Given a mix having the proportions 
94:274:492 by weight, 
water-cement ratio 1.01 by volume, 
Specific gravities of materials: 
cement, 3.16; fine aggregate, 
coarse aggregate, 2.63 
Percentage of voids in coarse aggregate 
(dry loose), 44.5, the corresponding solid 
volumes per 1i-sack batch would be as 
follows: 


2.66: 


62.4 X 3.16 

62.4 X 2.66 


492 
62.4 x 2.63 


= 0.48 cu. 


gregate = 1.65 cu. 


Coarse ag- 
= 3.00 cu. ft. 


= 1.01 cu. ft. 
= 6.14 cu. ft. 


Cement factor = 4.4 sacks per 


6.14 


cubic yard 
Bulk volume of 


3.00 
09-9" .445 = 5.41 cu. ft. 


Then b/d, = 


coarse aggregate = 
> 4 
Water per unit volume of concrete (W.) = 


La 

Withee analyzed the above mix and 
determined the values of b/b, and W, as 
0.88 and 0.164, respectively, let us now 
design another mix with the same materials 
but with a different cement factor, say 
6.8 sacks of cement per cubic yard of 
concrete, an increase of 2.4 sacks per cubic 
yard. 

Following the procedure outlined, the 
value for W. for the new mix would remain 
constant at 0.164. The new value for b/), 
is determined as follows: For each increase 
of 0.8 sack per cubic yard in cement factor, 
b/b. is decreased 0.01. Therefore, the new 


value of b/b, is 0.88 — - x 0.01 = 0.85. 


The yield we 1-sack batch for the new 
mix would be = —— = 3.97 cu. ft. and the 
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apparent or bulk volume of coarse aggregate 
would be 3.97 X 0.85 = 3.37 cu. ft. The 
corresponding solid volume of coarse aggre- 
gate (b). .3.37 X (1 — 0.445) = 1.87 cu. ft. 
The solid volume of cement (c).. .0.48 cu. ft. 
The volume of 

water (w/c). .3.97 X 0.164 = 0.65 cu. ft. 


The only unknown quantity remaining is 
the fine aggregate, which is obtained by 
subtracting the sum of the solid volumes of 
coarse aggregate, cement, and water from 
the total yield. Therefore the solid volume 
of fine aggregate = 3.97 — 3.00 = 0.97 cu. 
ft. The complete proportions per 1-sack 
batch for the new mix would be as follows: 


. 0.48 cu. ft. solid 
0.97 cu. ft. solid 
. ft. solid 


Fine aggregate 

Coarse aggregate 

Water (w/c)............. 


Multiplying the above by 62.4 times the 

appropriate values for specific gravity gives 

the following weight proportions: 


94:161:307 
w/c = 0.65 (by volume) 

By this procedure any mix, within a 
reasonable range, can readily be calcu- 
lated provided the proper value of 
b/b, and W, have been predetermined 
on the materials under investigation 
and, further, provided the slump is to 
remain constant. As can be seen from 
the example given above, the only 
unknown quantity in the mix is the 
sand and this is arrived at by simple 
calculation. In these tests the water- 
cement ratio arrived at by calculation 
from the law of constant water per unit 
volume of concrete for a constant slump 
was not always the exact value needed 
to obtain the proper slump. However, 
it was possible in all cases to make the 
proper adjustment by slight changes 
in the ratio of water to sand, keeping 
the sum of the absolute volumes of the 
two ingredients constant. Even though 
the general law did not hold precisely 
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in all individual cases, that is, to the 
third decimal, the following table, which 
gives average values for the 25 combina- 
tions, will illustrate its accuracy: 
Cement Factor, 
sacks per cu. yd. We 
0.164 
0.163 
0.163 
0.163 
0.163 
In connection with the procedure 
employed, that is, the use of the highest 
value of b/b, compatible with work- 


ability, it is interesting to note that 


Fic. 1.—Laboratory Mixer Used in Preparing 
Test Mixtures. 


for a given coarse aggregate and a given 
cement factor it was possible to use 
approximately the same water-cement 
ratio irrespective of whether a coarse 
or fine sand was used. For instance, 
in Table III, cement factor 6.0 sacks 
per cubic yard, coarse aggregate No. 7 
was used with sands Nos. 2, 3, 5, and 7. 
These sands varied in fineness modulus 
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from 2.22 to 3.37. However, the total 
range in water-cement ratio was only 
0.02 (from 0.73 to 0.75), demonstrating 
that, by proper proportioning, it is 
possible to maintain a low water-cement 
ratio when using fine sands. 


TABLE IV.—AVERAGE FLEXURAL STRENGTH, 
14 DAYS. 


6 by 6-in. beams tested Fa 18-in. span with third-point 
oading. 
Each of the values is an average of five tests. 


Aggregate Modulus of Rupture, psi. 


Cement Factor, 5.2 
sacks per cu. yd. 
Cement Factor, 6.0 
sacks per cu. yd. 
Cement Factor, 6.8 
sacks per cu. yd. 
Cement Factor, 7.2 
sacks per cu. yd. 


Cement Factor, 4.4 
sacks per cu. yd 


by 6-in. beams, 21 in. long. In all, 
625 specimens—25 combinations of mate- 
rial, times 5 mixes, times 5 specimens 
per mix made on each of 5 different 
working days—were fabricated. All 
tests were made at 14 days, the speci- 
mens being tested by the third-point 
method in accordance with A.S.T.M. 
Standard Methods of Test for Flexural 
Strength of Concrete (C 78 — 39). The 
specimens were placed in the . 
machine with the side, as molded, 

tension. Lares 
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Water-Cement Ratio by Volume 
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Relation Between Cement Factor and 
o ~Flexuro/ Strength 

x - Water-Cement Ratio 

4 - Percentage of Sand 


5 6 7 
Cement Factor, bags per cubic yard 


Specific Absorption, Fineness 
Gravity | per cent| Modulus 
2.63 O50 | 2.22 


2.62 | 0.28 | 7.75 


Aggregate, Number 
Fine | 2 
Coorse| 8 


Type 
Sand 
Granite 


Fic. 2.—North Carolina Mix Design Chart for 
Combination 2-8. 


FABRICATING SPECIMENS 


The concrete was mixed in a labora- 
tory mixer of the type shown in Fig. 1. 
In order to approximate field conditions, 
the coarse aggregate was handled in a 
saturated surface-dry condition and 
the sand in a wet condition, correction 
for the free water in the sand being 
made when computing the water-cement 
ratio. Test specimens consisted of 6 


as a 


eee DISCUSSION OF RESULTS 


The average flexural strengths for 
each combination of materials for each 
of the five different proportions are 
given in Table IV. In discussing these 
results the various combinations of 
materials will be referred to by number. 
Thus, combination 2-4 refers to sand 


6 1939 Book of A.S.T.M. Standards, Part II, p. 339. 
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No. 2 combined with coarse aggregate 
No.4. In order to illustrate the method 
of plotting the results for the purpose 
of determining the required cement 
factor for a specified modulus of rup- 
ture, two examples will be given. 

Figure 2 shows a typical chart giving 
the relationship between modulus of 
rupture and cement factor, water-cement 
ratio and cement factor, and percentage 
of sand and cement factor. Consider- 
ing first the strength-cement factor 


800 


3 


ute Volume 


by Absol 


© 


Sand, per cent of 
1 


Total Aggregate 
Water-Cement Ratio by Volume 


Relation Between Cement Factor and| 
© -Flexural Strength 
x -Woter-Cement Rotio 
4 ~ Percentage of Sond 


5 6 7 8 
Cement Factor, bags per cubic yard 


Modulus of Rupture, 14 Days, psi 


Specitic| Absorption, Fi 
Eravity per cent | Modulus 
2.63 0.40 | 2.75 
2.65 0.46 7.75 


te| Number| Type 


3 Sond 
5 Granite 


Fic. 3.—North Carolina Mix Design CKart for 
Combination 3-5. 


relationship, it will be noted from the 
curve that the required amount of 
cement to produce a modulus of rupture 
of 550 psi. was 5.1 sacks per cubic yard. 
The corresponding water-cement ratio 
was 0.91 and the percentage of sand 34. 
From this type of chart a complete mix 
design could be computed for any 
strength specified within the range 
covered. In Fig. 2 for instance, the 


range in strength would be from about 
500 to 700 psi. 


Frequently specifications for concrete 
contain a limiting value for water-cement 
ratio in order to assure durability. As- 
suming a maximum allowable value of 
6 gal. per sack (water-cement ratio of 
0.80 by volume), it will be observed 
from Fig. 2 that the required strength 
was obtained with a water-cement ratio 
of 0.91, which is more than allowable. 
From the water-cement ratio - cement 
factor curve it is seen that, in order to 


TABLE V.—CEMENT FACTOR REQUIRED FOR 
550 PSI. MODULUS OF RUPTURE. 


Third-point loading. 


Fine Aggregate | Coarse Aggregate 


KCK 


keep within the limits dictated by dura- 
bility considerations, it would be neces- 
sary to use a cement factor of 5.8 sacks 
per cubic yard instead of 5.1 sacks, 
the resulting flexural strength being 
in excess of 600 psi. 

Figure 3 gives the same type of data 
for a different combination of mate- 
rials. The required cement factor as 
determined from the curve is 5.9 sacks, 
with a corresponding water-cement ratio 
of 0.75. In this case the strength is the 
governing factor while in the former 
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case the maximum allowable water- 
cement ratio governs. 

Charts similar to Figs. 2 and 3 were 
drawn for each of the 25 combinations 
of materials and the required cement 
factors obtained from the strength 
curves as illustrated. These cement 
factors are enumerated in Table V and 
show values ranging from 4.9 sacks for 
combination 1-1 to 7.1 sacks for combi- 
nation 1-10, or, for all practical purposes, 
from 5 to 7 sacks. In view of the fact 
that the same sand was used in both 
combinations, the strength differential 
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in this case is a direct function of the 
concrete-making properties of the two 
coarse aggregates. 

In order better to illustrate the effect 
of aggregate upon flexural strength, 
Fig.4isshown. Three flexural strength 
cement factor curves are given, one 
for combination 1-1, one for combina- 
tion 1-10 and one for the average of all 
25 combinations of materials, thus 
representing the average and the ex- 
treme ranges for the entire series of tests. 
From the shapes of the two extreme 
curves it is seen that they tend to 
converge at the lower cement factors. 


This is to be expected because of the 
fact that for very lean mixes the flexural 
strength of the concrete is practically 
the strength of the mortar. However, 
as the cement content is increased and 
the mortar becomes stronger, the qual- 
ity of the coarse aggregate and the bond 
between mortar and coarse aggregate 
become important factors. In the case 
of coarse aggregate No. 1, we have an 
excellent quality of dolomite having a 
surface texture which gives good bond 
with the mortar. Under these condi- 
tions, the full strength of the mortar 
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appeared tv have been developed up 
to a cement factor of 7 sacks per cubic 
yard. In the case of aggregate No. 10, 
we have a structurally weaker material 
so that the full strength of the mortar 
was not developed. If the water-cement 
ratio was the only controlling factor, 
the strengths of combination 1-10 should 
have been greater than those developed 
by combination 1-1 because of the fact 
that lower water-cement ratios were 
used (Table III). Notwithstanding this 


fact, combination 1-1 gave 26 per cent 
greater strength for the leanest mix and 
44 per cent greater strength for the 
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richest mix. At a cement factor of 6 
sacks per cubic yard, one commonly 
used for pavement work, combination 
1-1 gave 40 per cent greater strength 
than combination 1-10. While in this 
particular instance the low strength is 
probably due to structurally poor mate- 
rial, this is not always the case. Fre- 
quently aggregates that are structurally 
strong give comparatively low flexural 
strengths in concrete because of the 
fact that the surface texture does not 
permit of sufficient bond to develop 
the full strength of the mortar. 

Figure 5 shows the strength data 
given in Fig. 4 plotted against the 
water-cement ratio instead of the ce- 
ment factor. Here again the quality 
of the coarse aggregate is reflected in 
the results obtained. Note, for instance, 
that a water-cement ratio of 0.6 was 
required to develop a modulus of rup- 
ture of 550 psi. with combination 
1-10, whereas this strength was obtained 
with a water-cement ratio of 0.95 in 
the case of combination 1-1. 

Attention is directed to the fact that 
the curves for combinations 1-1 and 
1-10 are straight lines. However, this 
was not the case for all combinations 
of materials investigated, many combi- 
nations giving curves which had the 
characteristic shape of the typical water- 
cement ratio — compressive strength 
curve. In fact the average curve shown 
is of this general shape. 

The data shown in Figs. 2 and 3 might 
have been plotted with the principal 
relationship between water-cement ratio 
and strength as in Fig. 5, with addi- 
tional curves to give the other desired 
information. The arrangement of data 
is of course a matter to be decided by 
circumstances. 

Complete compressive strength data 
are not available for this series of tests 
because of the fact that companion 
compressive strength specimens were 


not made. However, limited data were 
obtained for the three leanest mixes 
(4.4, 5.2, and 6.0 sacks of cement per 
cubic yard) as the result of tests on 
modified cubes remaining from the 
flexure tests. From these data the 
average results for combination 1-1 
were found to be 9 per cent greater in 
compressive strength than those for 
combination 1-10 as compared with the 
corresponding average flexural strength 
differential of 32 per cent. Another 
case is that of the group in which sand 
No. 2 was combined with eight different 
coarse aggregates. Here combination 
2-13 gave just about as high compressive 
strength as any combination in the 
group. However, it was found that, 
at a cement factor of 6 sacks per cubic 
yard, the flexural strength of combina- 
tion 2-13 was the lowest of all, other 
combinations in the group giving 
strengths up to 17 per cent higher than 
combination 2-13 (Table IV). Many 
other examples could be given to show 
that two concretes having the same 
compressive strength do not necessarily 
have the same flexural strength, empha- 
sizing the importance of determining 
the flexural strength characteristics of 
constituent materials used in pavement 
slabs. 
CONCLUSIONS 

It is believed that the data presented 
are sufficient to indicate that, when 
pavement concrete is to be made of a 
variety of combinations of aggregates 
and a reasonably uniform minimum 
flexural strength is desired, investiga- 
tions of the materials should be made 
along the lines indicated in this report 
in order to predetermine the flexural 
strengths to be expected. Compressive 
strength tests on concrete made with 
the materials to be used are inadequate 
as the ratio of flexural to compressive 
strength varies over wide limits for 
different combinations of materials. 
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Mr. C. E. Prouptey.'—The investi- 
gation reported by Mr. Kellermann 
proved to be of great value to the 
Division of Materials and Tests in North 
Carolina and formed the basis for most 
of the concrete pavement mixtures used 
about three seasons ago—during 1937. 
More recent experience with this method 
of design as practiced in North Carolina 
may be of interest. 

It was soon discovered that varia- 
tions in laboratory conditions from day 
to day would require a standard for 
strength comparisons. We selected a 
fine and a coarse aggregate source 
which gave the most uniform beam test 
results and, 
tests, determined the average cement 
content which would give, practically, 
the specified design strength of 550 
psi. modulus of rupture at 14 days using 
the lowest testing acceptable portland 
cement available. Thereafter this mix 
was used and parallel specimens of it 
made with each series of tests just as 
Ottawa sand specimens are used in the 
determination of sand mortar strength 
ratios. This has made it possible to 
duplicate our cement factor determina- 
tions with reasonable accuracy as long 
as the quality of the aggregates and 
their gradation remained the same. 

The use of the lowest testing accept- 
able cement in the determination of 
the cement factor was mentioned as a 
requirement of the specifications. This, 
of course, should result in ample strength 


ineer of Materials and Tests, North Carolina 
State hway and Public Works Commission, Raleigh, 


after several preliminary 


to meet specifications regardless of the 
source of cement used on a job. Each 
year we obtain a barrel of cement from 
each of the mills serving North Carolina 
and conduct tests to determine the ce- 
ment giving the lowest strength. Need- 
less to say, these test results are kept 
confidential. However, the accompany- 
ing Table I may be of interest in showing 


CRETE MAD TH VAR S BRANDS 0 
CEMENT AVAILABLE IN NORTH CAROLINA, 


Proportions and materials, except source of cement, 
were identical for all beams tested. Each value is average 
of tests on three beams. Cement submitted by mill repre- 
sentatives. 


Modulus of Rupture at 
14 days, psi. 


Average 


the range of strength obtained. A 
constant water-cement ratio was used 
and the consistency, as slump, measured 
for each batch. The same proportions 
of fine and coarse aggregates, used as 
our laboratory standard, were used 
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throughout. Table I shows the change 
in consistency with brand of cement. 

The North Carolina specifications 
permit the adjustment of cement con- 
tent to give 550 psi. modulus of rupture 
at 14 days under laboratory conditions. 
In other words, if a high testing cement 
is to be used on the job, a check series 
of beam-strength tests should be made 
using the combination of cement, fine 
and coarse aggregate proposed for use 
and the cement factor reduced accord- 
ingly to effect some saving in cost of 
cement. Actually this is seldom accom- 
plished, as very few jobs are of sufficient 
length and the laboratory is not informed 
sufficiently in advance as to the materials 
to be used to allow time (approximately 
3 weeks) for the tests to be made and 
be of value. 

Beam specimens are made in the field 
as the work progresses. Two beams 
are made each day and cured, in so far 
as possible, the same as the pavement 
slab. Beams representing five days 
work are tested at 14 days as indicative 
of the quality of the concrete actually 
obtained. Additional beams are usually 
made and tested at various ages less 
than 14 days to determine the age at 
which 550 psi. modulus of rupture is 
reached, at which age the pavement 
may be opened to traffic. Field speci- 
mens are given no consideration, how- 
ever, in the determination of cement 
content requirements. 

North Carolina specifications for 
coarse aggregate for concrete for pave- 
ment require gradation from 2 in. to No. 
4. For several years we used 6 by 6 by 
30-in. molds for laboratory tests, as well 
as field specimens, although the A.S.T.M. 
standard method? formerly required 
6 by 8 by 30-in. molds. Aggregates 
of uniform particle quality gave satis- 


?Standard Method of Test for Flexural Strength of 
Concrete (Laboratory Method Using Simple Beam with 
Third Point Loading) (C ‘“ 39), 1939 Book of A.S.T.M. 
Standards, Part II, p. 339 


factory results, but when materials 
containing a variety of quality of parti- 
cles were under examination weird 
results were obtained on too frequent 
occasions and the tests had to be re- 
peated. We now use the 6 by 8 by 30- 
in. molds with far greater uniformity. 
Also, we had been determining our 
cement factor —- beam strength curve 
from three points: 1.35, 1.45 and 1.55 
barrels of cement per cubic yard of 
concrete; specimens made on_ three 
consecutive days. Now we use four 
points: 1.30, 1.40, 1.50 and 1.60 in 
order to establish the shape and position 
of the curve more definitely. 

Mr. Kellermann’s report covered only 
25 combinations of fine and coarse 
aggregate. At present we have a pub- 
lished list of 66 and there are about 15 
more which have not been published 
due to the restricted conditions under 
which they would be used. Several 
recently developed commercial sand, 
gravel, and stone deposits have caused 
us to make and recheck about ten addi- 
tional combinations in recent weeks. 
All this, in addition to the necessity for 
rechecking determinations whenever the 
method of production at a plant or the 
quality of the product changes, keeps 
the concrete laboratory, which we feel 
is very well equipped, continuously 
busy. 

The lowest cement factor we permit 
at present is 1.35. Our specifications 
limit the water content to 6.75 gal. per 
sack of cement and with a consistency 
of approximately 2-in. slump the 1.35 
minimum cement factor insures fulfill- 
ment of specifications. We feel that 
climatic conditions in North Carolina 
warrant the values required by our 
specifications. 

It will be observed that very low 
percentages of sand in the mix were 
used by Mr. Kellermann. Although 
it was possible to obtain a satisfactory 
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pavement surface with these relatively 
undersanded mixtures, we came to feel 
that too much work was required and 
the bottom of the slab was probably 
honeycombed. Cores drilled from the 
pavement indicated that this was true 
in many instances. By gradually in- 
creasing the percentage of sand we 
found that no additional water was 
required to keep the mix workable up 
to a certain point. We have, therefore, 
increased our sand content from 2 to 5 
per cent above those shown by Mr. 
Kellermann. 

In our laboratory concrete design 
work we do not refer to the mortar voids 
ratio or b/b, as such. The relationship 
of the volume of mortar to the volume 
of concrete or yield is used and found 
to be very handy when adjusting a mix 
for cement content. With any g ven 


aggregates this mortar-yield ratio and 
the percentage of water by volume 
(W.) are kept constant for variations 


in cement content. All adjustments 
are made in the mortar, cement being 
substituted for sand with an increase 
in cement factor. The mortar-yield 
ratio and percentage of water varies 
with different aggregates depending on 
the gradation and particle shape of the 
aggregates. The usual range for the 
mortar-yield ratio is from 0.50 for gravel 
coarse aggregate to 0.57 for hard, angular 
crushed stone. Over the narrow range 
of cement factors in which we are 
interested, this method has been found 
to work satisfactorily. This is largely 
due to the fact stated in Mr. Keller- 
mann’s paper, as noted in publications 
by Mr. Lyse, that for the same amount 
of aggregate and a given consistency 
the water content is a constant regard- 
less of the quantity of cement present. 
Usually it is only necessary to substitute 
sand for cement to decrease the cement 


factor and keep the same consistency po Kelle 
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Job conditions are frequently so 
different from what was anticipated 
by the laboratory work that we have a 
concrete technician who is present when 
the job is getting started and who has 
authority to make adjustments in the 
proportions when necessary. The 
water-cement ratio is never increased 
unless laboratory data are available 
to show that it can be done safely, and 
even then the 6.75 gal. per sack of cement 
will not be exceeded. The cement 
factor is kept constant by adjustments 
in quantity of aggregate if the water 
content is varied. 

In spite of the numerous difficulties 
mentioned here, and others not men- 
tioned, I believe that this method is 
justifiable where a wide variety of types 
and quality of aggregates must be 
considered. We do not feel that we 
have perfected the systematic applica- 
tion of the specification to its greatest 
effectiveness, but, undoubtedly, the con- 
crete pavements built since the inaugura- 
tion of these specifications have been 
steadily improving in so far as quality 
of concrete is concerned. In this im- 
provement, the producers of materials 
have been an important factor since, 
for competitive reasons, each endeavors 
to produce materials which will give 
him the lowest cement factor possible 
as shown on the published tabulation 
of mixtures for concrete pavement. 

THE CHAIRMAN (Mr. Stanton Walker’). 
—I was very much interested in the 
chart which Mr. Jackson used‘ in pre- 
senting Mr. Kellermann’s paper, which 
showed a relationship between maximum 
permissible fineness modulus and _ the 
voids in the coarse aggregate. The 
data are most illuminating and may 
help to clear up a great many misunder- 
standings which have been held with 


3 Director of Engineering, National Sand and Gravel 
Assn., Washington, D. C. 

4 Reproduced in the accompanying Fig. 1 of Mr. 

rmann’s closure. 
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respect to the usability of the fineness 
modulus. I have made detailed use 
of the fineness modulus since its develop- 
ment some 25 yr. ago and I have always 
found it a most useful tool. When it 
has been damned, I have felt that, in 
most cases, it is not the fineness modulus 
which is at fault. 

I suggest that the relationship shown 
by Mr. Jackson between voids and 
maximum permissible fineness modulus 
is a “secondary” one. The tests on 
which it is based were made with coarse 
aggregates of the same grading but of 
different particle shapes. I believe, 
therefore, that the voids are a reflection 
of particle shape and that it is particle 
shape, rather than voids, which led to 
the different maximum permissible fine- 
ness moduli. 

Abrams, in one of his earlier, probably 
his earliest, published discussions of the 
fineness modulus recognized that par- 
ticle shape affected the maximum per- 
missible value. Reference to his famous 
Bulletin 1° will show that he recom- 
mended differences in maximum per- 
missible values as great as 0.40, 
depending upon particle shape. Mr. 
Jackson’s data suggest refinements which 
may be made in the original correction 
factor. 

Mr. C. H. ScHoLer.’—Needless to 
say I am delighted at the renewed 
interest in properly designing concrete 
mixtures. For many years the Kansas 
State Highway Commission has de- 
signed all concrete mixtures to best fit 
the use to which the concrete will be 
put and the materials, cement, sand 
and coarse aggregate, from which it is 
proposed to manufacture the concrete. 
The specifications under which this is 
done are extremely simple. Depending 


*D. A. Abrams, “The Design of Concrete Mixtures,” 
Bulletin No. 1, Structural Materials Research Laboratory, 

is Institute (1919). 

® Professor of Applied Mechanics, Kansas State College 
of Agriculture and Applied Science, Manhattan, Kans. 
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upon the kind of concrete desired, a 
minimum cement content and maximum 
water content per bag of cement are 
established. In addition, limiting values 
of a slump are specified. 

The minimum cement content speci- 
fied is low enough so that only those 
aggregate combinations that approach 
the ideal can be used with this minimum 
value. This at once makes it desirable 
for a contractor to secure not the cheap- 
est material as priced by the ton but 
the better material which gives the 
denser, more economical and desirable 
concrete. 

It is very difficult to cover a state of 
81,000 square miles with a single aggre- 
gate specification that will assure getting 
the best material in each section of the 
state. The result is that under the 
usual standard specifications, with, of 
necessity, wide tolerances, the compe- 
tent, well equipped, conscientious pro- 
ducer of aggregate is always at the mercy 
of the one who just barely scrapes by 
the limit of the specifications. When a 
specification for concrete, like the Kan- 
sas specification, is in use the contractor 
profits by buying the better material, 
the state profits by securing denser, 
more uniform concrete, and the capable 
aggregate producer profits by being 
freed from irresponsible, incompetent 
competition. Our contractors write 
more vigorous grading and uniformity 
specifications than the state could pos- 
sibly use in the general specifications 
for the state as a whole. 

I believe in the American system of 
free competition. A proper specifica- 
tion for the design of concrete mixtures 
will put real competition back into the 
field of concrete materials for both 
aggregates and cements. 

Properly designed concrete mixtures 
in which the contractor can share in the 
profits of a properly designed mixture 
tends to develop better concrete manip- 
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ulation and finishing procedure. When 
a contractor finds that, as he wishes to 
put in more water to secure concrete 
easier to handle, he must also, at 
his own expense, put in added cement, 
it has a remarkable effect upon his 
ability to handle drier, more desirable 
concrete mixtures. He uses equipment 
and procedures adapted to the type of 
concrete being produced at the least 
cost. 

This type of specification is particu- 
larly desirable where the quality and 
availability of materials varies widely 
in different portions of the state. Be- 
cause of the wide range of quality and 
the scarcity of desirable coarse aggre- 
gate in certain sections of the state, 
Kansas regularly places concrete vary- 
ing in sand content between 28 and 
82 per cent. 

Mr. F. H. Jacxson.’—I was in- 
terested in what Mr. Scholer said about 
Kansas. I am inclined to think that 
most of the troubles there are due to the 
grading rather than the quality of the 
materials. Materials in North Carolina 
and many other states differ greatly 
in so far as the inherent characteristics 
of the particles themselves are con- 
cerned. In making concrete in these 
cases it is necessary to investigate the 
strength of different combinations of 
materials by determining experimentally 
the water-cement ratio — strength rela- 
tion. Kansas has a flat minimum 
cement factor, a flat maximum water- 
cement ratio, and any combination 
within those limits is satisfactory. 

I should like to call attention also to 
one other state where a procedure is 
used which puts the contractor on his 
mettle in so far as securing and furnish- 
ing the very best materials is concerned. 
I refer to the state of Texas. Texas 
goes Kansas one better, because it not 


7 Senior Engineer of Tests, Public Roads Administra- 
tion, Federal Works Agency, Washington, > 


only makes it to the contractor’s advan- 
tage to secure the best materials, but it 
also determines the mix to be used 
after the contract has been awarded. 
Prospective bidders must bid on their 
knowledge of the available materials, 
based either on prior use or on their 
own tests. After the contract has been 
awarded, the state comes in and, using 
samples of the materials furnished by 
the contractor, sets up the mix which is 
to govern. This is done by making 
trial tests in the field to determine the 
proper water-cement ratio which must 
be used for the particular combination 
of materials selected by the contractor. 

Mr. H. S. Martimore.*—When it 
was mentioned that it was possible to 
have many different combinations, the 
thought might occur that it would be 
very difficult to proceed with design 
concrete under such conditions. What 
I wish especially to bring out is that a 
number of different combinations are 
possible under the design concrete spec- 
ifications now in force in the Pennsyl- 
vania Department of Highways work. 
The conditions encountered proved to 
be readily solvable by men trained along 
this line. 

I might say that on the Pennsylvania 
Turnpike the 160 miles of 48-ft. pave- 
ment was all design concrete and upon 
inquiry I was informed that it proved 
to be a practical procedure and was 
favored by contractors doing the werk. 

In carrying out concrete design where 
a number of different materials are 
used we found that one subject which 
has to be given considerable attention 
by the producers is to keep the aggre- 
gates uniform so far as grading is 
concerned. 

Another factor that has to be given 
consideration is a uniformity in moisture 
content, especially in the fine aggregate. 


8 Engineer of Materials, Pennsylvania State Highway 
Dept., Harrisburg, Pa. 
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We found that this can be controlled 
largely by having this fine aggregate 
stocked from 18 to 24 hr. 

An interesting phase of material 
control in design concrete is that under 
specifications of this type the contractor 
recognizes the advantage of uniformity 
in grading. We found that he is im- 
pressing this fact on the material pro- 
ducer and the result has been that 
complaints along this line formerly 
made by the engineers to the material 
producers are taken up by the contractor 
from the standpoint of producing a 
uniform concrete. 

One procedure sometimes followed 
in the production of sand is the utiliza- 
tion of crushed particles of gravel of the 
fine aggregate size. When we are oper- 
ating with design concrete this has 
proved to be quite troublesome from 
several standpoints. One is that the 
particle shape of the crushed aggregate 
varies from the natural sand and affects 
the necessary water content. This is 
especially aggravated in that the amount 
of coarse particles varies in daily pro- 
duction. We have found that the real 
solution is to prevent the addition of 
such crushed particles through the sand 
as a routine procedure. If these are 
to be added it should be specially 
stocked so that the amount added can 
be actually under control. 

The point that I wish to emphasize 
especially is that concrete control in 
highway construction is a practical 
procedure resulting in uniformity in 
concrete roads so far as consistency and 
general condition of the concrete are 
concerned and in the end should be an 
economical procedure. 

Mr. S. gen- 
tleman from North Carolina, in dis- 
cussing Mr. Kellermann’s paper, has, 
in my opinion, invited Committee C-1 


» Engineer of Tests, New York City Department of 
lic Works, New York, N. Y. 
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to write another standard specification. 
Mr. Proudley states that when a spec- 
ification calls for a constant water- 
cement ratio in various concrete mixes, 
it is necessary with some portland 
cements to put in more cement than 
with others. If that is true, I believe 
that we should have a measure of the 
effect of portland cement on the work- 
ability of concrete. This measure is of 
vital importance to the consumer of 
portland cement. 

Mr. W. F. KELLERMANN” (Author’s 
closure by letter)—The chart referred 
to by Mr. Walker in his discussion was 
in the paper as originally written but 
was later withdrawn because it did not 
cover a wide range in maximum sizes 
of coarse aggregates and also because 
it was based on mixes which, judged by 
some standards, would be considered 
as undersanded. It was prepared from 
data resulting from the analysis of the 
mix design shown in the report. 

In reproducing it here (accompanying 
Fig. 1), the author does not claim that 
this chart has a wide practical applica- 
tion. The relationships shown were 
obtained experimentally, using 13 dif- 
ferent coarse aggregates having different 
shaped particles but all graded alike, 
combined with 7 different fine aggre- 
gates, all graded differently, to give a 
total of 25 combinations of materials. 
This, of course, does not begin to cover 
the field of possible combinations of 
materials met with in practice. The 
purpose of the chart is to show how the 
percentage of sand used in the different 
mixes was related to the voids in the 
coarse aggregate. While the relation- 
ship shown is between percentage of 
voids in the coarse aggregate and 
maximum permissible fineness modulus, 
the sand percentage is readily calculated 


. 10 Materials Engineer, Public Roads Administration, 
Washington, D. C. 
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by the formula given once the maximum 
permissible fineness modulus has been 
determined. 

The fineness modulus method, as 
given in modern literature, provides a 
method of determining the percentage 
of sand by giving values for the maxi- 
mum permissible fineness modulus. 
These values are given for rounded 
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“effect”? and is therefore the more 
important consideration because it is 
something that can be translated into 
actual values for practical purposes as 
I have done. Furthermore, it is felt 
that the fineness modulus method, 
presented on the basis of a given value 
for percentage of voids in the coarse 
aggregate, with correction factors for 
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6.2 


6.1 


P=Percent of Fine Aggregote by Absolute Volume 


| 
Fineness Modulus of Coarse Aggregate. 


'¢*Fineness Modulus of Fine Aggregate. 
m=Maximum Permissible Fineness Modulus 


Fe and Fe are Known, Fm is Determined from 


Chart, P is then Calculated. - ). 
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C.F ent Factor 
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Maximum Permissible Fineness Modulus (Fm) 


57 


Voids in Coarse Aggregate, per cent 


Fic. 1.—Chart for Determining the Ratio of Fine Aggregate to Total Aggregate in a Concrete 
Mix of 2 to 3-in. Slump. Maximum size of concrete aggregate, 2 in. 


aggregate and an arbitrary correction 
factor is applied where angular aggre- 
gates are used. Thus stress is laid upon 
the particle shape of the coarse aggre- 
gate. In Mr. Walker’s discussion he 
also stresses particle shape and suggests 
that the void relationship shown by me 
is perhaps a secondary one. The author 
feels that, while particle shape may be 
the “cause,” percentage of voids is the 


: 


other void contents, would be a far more 
useful tool than the method as it stands 
today. A further refinement could be 
made by taking cognizance of the voids 
in the fine aggregate. 
In conclusion, it may be stated that 
had this chart been availabie at the 
time the tests were started, much time 
and effort would have been saved in 
designing the 125 different mixes. 
woe 
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A METHOD OF MEASURING THERMAL DIFFUSIVITY AND CONDUC- 
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_ TIVITY OF STONE AND CONCRETE 


By W. T. THomson! 


SYNOPSIS 


In dealing with thermal stresses resulting from the transient flow of heat 
through a body, a term which is of particular importance is the thermal 
diffusivity. This paper is concerned with one method of determining the 


thermal diffusivity of materials such as stone and concrete. 


The theoret- 


ical basis for the method is clearly stated and experimental results presented 


for various stones. 


The reason why some aggregates pro- 
duce durable concrete while others do 
not has been a subject of wide discussion. 
It is known that thermal stresses play 
an important part in the deterioration 
of concrete. For a given body with 
specified boundary conditions, the ther- 
mal stresses depend on certain physical 
properties of the material. In a homo- 
geneous body, some of these physical 
properties such as the thermal con- 
ductivity, specific heat, and the density 
of the material influence the temperature 
distribution and the thermal stresses 
during the transient period only in a 
certain combination known as the ther- 
mal diffusivity. The thermal diffusivity 
is defined as the thermal conductivity 
divided by the specific heat and density, 
and is a physical property of the ma- 
terial which determines the time rate of 
change of temperature of any point 
within a body. 

If in a mixture such as concrete, the 
thermal diffusivities and conductivities 


1 Assistant me Department of Applied Mechan- 
ics, Kansas State College, Manhattan, Kans. 


1073 


of the aggregate and the cement paste 


are equal to each other, the body canbe 
thought of as being thermally homo- _ 


geneous during the transient period as 
far as temperature distribution is con- 
cerned. Since a difference in diffusivi- 


ties would result in different rates of 
diffusion of heat through the aggregate 
and cement, it is believed that sucha 


combination would result in additional — 


thermal stresses over that of homo- _ 


geneous bodies. 
depend on the modulus of elasticity, 


thermal coefficient of expansion and =| 


Poisson’s ratio. 


Just what effect such differences in — 
thermal properties produce in the de- _ 


terioration of concrete can probably be 
determined only by experimentation and 
is being investigated by L. V. Nothstine.? 
However, in order to investigate such 
effects, the thermal constants must be 


carefully determined for the various abe ; 
It is with this 


aggregates and cement. 
in mind that the author wishes to present _ 


Thermal stresses also 


a practical method of determining di- — 


2 Graduate Assistant, De 


rtment of Applied Mechan- 
ics, Kansas State College, 


if 


anhattan, Kans. (1939-1940). 
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rectly the thermal diffusivities of such 
materials, and consequently, an indirect 


_ determination of the conductivity. 


. Being a ratio of measurable physical 
_ properties, the thermal diffusivity can 
_ be indirectly calculated or it may be 
directly determined by experiment. The 
difficulty of accurately measuring the 
conductivity of material such as stone 
favors the direct method of determining 
the diffusivity. In an article appearing 
in the Journal of the American Concrete 
Institute, Glover* presents one method 
of determining the diffusivity directly. 
Diffusivity and conductivity of the con- 
crete used in several dams have also been 
published.* In Glover’s method, a 
cylindrical specimen with length equal 
to twice the diameter was suddenly 
cooled in water after the specimen had 
reached a uniform-higher temperature. 
From the temperature-time relation of a 
point at the center of the cylinder, the 
diffusivity constant was determined by 
the use of curves based on the mathe- 
matical solution of heat transmission. 
These solutions are dependent on the 
Biot’s modulus which is an indication of 
the turbulence as well as the nature of 
the cooling medium, and one is justified 
in using curves representing a given 
solution only when the same Biot’s 
modulus can be duplicated. In the 
following section is given the develop- 
ment of a method whereby the calcula- 
tion of the thermal diffusivity is inde- 
pendent of the Biot’s modulus. __ 


THEORY 


In the mathematical theory of heat 
conduction of a homogeneous body of 
constant thermal properties, the tem- 
perature distribution during the tran- 


3 R. E. Glover, “Flow of pees in Dams,” Journal, Am. 
Concrete Lies Vol. 6, No. , November- -December, 
1934 113-1 

RE. Blanks, “Boulder Dam Cement and Concrete 
mt Engineering News-Record, Vol. 113, No. 21, 
November 22, 1934, pp. 648-651. 
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DIFFUSIVITY AND CONDUCTIVITY 


sient period is a function of the following: 
1. Initial temperature distribution. 
2. Biot’s modulus. 
3. Fourier’s modulus. 
4. Some ratio of dimensions depend- 
ing on the shape of the body. 
The Biot’s modulus is defined as 


B= ome 


where k’ and l’ = equivalent conductiv- 
ity and equivalent 
thickness of a film 
surrounding _the 
body, 
k = the conductivity of 
the body, and 
/= some linear dimen- 
of the body, 
depending on the 
shape. 
The Fourier’s modulus is defined as 


the thermal diffusivity of the 
material, 
the time, and 
= some linear dimension of the 
body. 


Both the Biot’s modulus and _ the 
Fourier’s modulus are nondimensional 
and can be used for similarity studies. 
The following mathematical basis is 
given for cylindrical specimens: 
Notation: 
¢ = temperature in degrees Fahren- 
heit, 
time in hours, 
cp 
square feet per hour, 
thermal conductivity of the ma- 
terial in Btu. per square feet 
per hour per degrees Fahren- 
per foot, 


= thermal diffusivity in 
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¢ = specific heat in Btu. per pound 
per degree Fahrenheit, 

p = density in pound per cubic foot, 

y = radial distance from center of 
cylinder in feet, 

R = radius of cylinder in feet, 


B= = Biot’s modulus, 
Vk 
a6 
F = Ro Fourier’s modulus, 
T» = initial temperature of specimen, 
and 


Jo = Bessel’s function of zero order. 


The general equation of heat transmis- 
sion for an isotropic material of constant 
conductivity and specific heat, when 
transformed into cylindrical coordinates 
where the temperature is a function only 
of the radius and time, is® “aa 


(1) 


The solution of the above equation is 
known to be,® 


2 
n=1 R 
For the special case of a cylinder of 
uniform initial temperature cooled in a 
constant temperature medium, A, are 
the roots of the boundary equation’ 


An Ji (An) =B Jo (An) tee (3) 
and the values of A, become® 
2B 


An = 


Since A, is a function only of B, it is 
apparent that A, is dependent only on 
B or the boundary condition. 


5H. S. Carslaw, “Fourier Series and Sategrele, p. 
312, Macmillan and Co., New York, N. Y. (1906). 
L. M. K. Boelter, ‘ ‘Heat Transfer,” p. III-20, Univer- 
sity of California Press (1936). 
Carslaw, ‘“‘Fourier Series and 
34, Macmillan and Co., New York, N. Y. (19 
Pp. 327-328. 
yerly, “Fourier Series and Sebo Har- 
main we p. 229, Ginn and Co., New York, N. Y. (1895). 
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Given the temperature distribution 
t/T, as a function of time and coordinate, 
the difficulty of obtaining a numerical 
value of the diffusivity is evident even if 
B is known accurately, a case which is 
seldom true. However, a numerical 
solution is possible if the series is made 
highly convergent by a proper choice of 
the Fourier modulus. For instance, at 
the center r = 0, the series can be 
written as: 


In this expression, the ratio of the second 
term to the first can be made as small as 
one wishes. Letting ~ be the ratio of 


the two terms, the corresponding Fourier 


modulus becomes 


aé 1 Ay 4q 


From this equation it is possible to de- 
termine the Fourier’s modulus necessary 
to obtain a degree of convergence # of 
this series. For any point other than 
the center, the percentage error p in 
omitting all terms other than the first 
is smaller by the factor Bee? 


ti 
Referring to Eq. 2, and assuming that 
the value of F is chosen sufficiently large 


to reduce the series to a single term with a 
a percentage error less than 9, the follow- _ 


ing relations are found: 
For any given time 0, 
te 
be 
where /, and ¢g are the temperatures 
at the center and surface, respectively. 
Equation 7 enables the determination of 
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Xi, which can be found in any table of 
Bessel’s function. Biot’s modulus can 
then be found from Eq. 3 or from 
Fig. 1. 

Taking two different times 0, and 4, 
and the corresponding temperatures at 


Ai and dz representing the solution of 
Eq. 3.° These were tabulated in Table 
I, and curves showing the relationship 
of F to B for a given p are given in Fig. 1, 

As an illustration, suppose it is desired 
to reduce the series of Eq. 2 to a single 


1.0 
dam 


10 100 
Biot's Modulus, log scale 


Fic. 1.—Relations for Convergence of Series. 


TABLE I.—TABULATED VALUES FOR FIG. 1. 


the surface, the expression for 
diffusivity becomes 


te, 
= 


t is evident here that the calculation 
of B does not enter into the determina- 
tion of the diffusivity; however, in order 
to use the above expression, the value of 
F must be properly chosen to insure the 
necessary convergence of the series. 
For this purpose, the values of A; and 
A» were determined from the values of 


te a 


term without introducing an_ error 
greater than 1 per cent, thereby ena- 
bling the use of Eqs. 7 and 8. The pro- 
cedure is to first make a rough calcula- 
tion, after which an accurate calculation 
can be made. 

From Fig. 1, regardless of the value 
of B, if F is chosen greater than 0.23, 
the percentage error in disregarding the 
higher terms of the series will be less 


® Gerald Pickett, ‘The Effect of Biot’s Modulus on 
Transient Therma!’ Stresses in Concrete Cylinders,” 
aaa Am. Soc. Testing Mats., Vol. 39, p. 913 
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than 1 per cent. Assuming an approxi- 
mate lower limit of the value a, the time 
§ for any cylinder can be found. For 
any time greater than this, Eqs. 7 and 
8 can be used, and the percentage error 
in neglecting the other terms in the 
series will be less than 1 per cent. A 
recalculation with the value of a found 
can then be made. 
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fore, a smaller cylinder is preferable to a 
larger one. 

3. The series converges at a more 
rapid rate for materials of large 
diffusivity. 

These conclusions have been helpful 
in guiding the experimental work, some 
of the results of which are given in the 
following sections. 


Fic. 2.—Apparatus for Diffusivity Determination. 


Another method which accomplishes 
the same result is to find the time at 
which (i) becomes constant. For 

any time greater than this, Eqs. 7 and 
8 can be used with negligible error. 

From Eq. 6, and Fig. 1 the following 
important conclusions can be made: 

1. The series converges at a more 
rapid rate for small values of B. (That 
is, it is better to cool the specimen in air 
than in water.) 

2. The series converges at a more 
rapid rate for small values of R, there- 


APPARATUS AND TEST PROCEDURE 


The cylindrical specimens used in 
these tests were obtained by core drill- 
ing various stones, the dimensions of the 
cylinders being approximately 1 by 8 
in. Copper and constantin thermo- 
couple junctions of No. 28 wire were 
used; one at the center and the other 
just under the outer surface. In placing 
the thermocouple, a small hole was 
drilled in the specimen and filled with 
neat cement after the junction was 
placed in the proper position. The 
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specimens were mounted in old radio of the specimen with a unidirectional 
tube bases, and the thermocouple cir- stream of air from an electric fan. The 
cuits made through the plug-in socket arrangement of the apparatus is in- 
and slip rings rotating in mercury pools. dicated in Fig. 2. 


rt 


ts 


— 


Temperature Above Air, deg. Fahr. 


8 10 12 
Time, min. 
Fic. 3.—Cooling Curve of Fossiliferous Limestone at B = 0.3. 
100 


4 6 


Temperature, Above Air Stream, deg. Fehr. 


‘© al) iy 4.—Cooling Curve of Fossiliferous Limestone at B = 1.3. ay 


These mercury contacts were found to In performing the test, the specimen 
be free from parasitical voltages. The was heated in an electric oven for a 
whole assembly was rotated by a small sufficient length of time to insure uni- 
motor to produce a symmetrical cooling form temperature throughout. A sec- 
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ond socket connected to the specimen 
while in the oven indicated the tempera- 
ture of the specimen during the heating 
period. An initial temperature of ap- 
proximately 180 F. was used for most 
of the specimen. As the specimen was 
taken out of the oven and plugged into 
the rotating socket, the clock was 
started and the temperature of the 
center and outer surfaces was recorded 
every half minute during cooling. Vari- 
ous rates of cooling were obtained by 
adjusting the speed and the distance of 
the fan from the specimen. 


EXPERIMENTAL RESULTS 


Several tests were performed on each 
specimen at different Biot’s modulus. 
Figures 3 and 4 represent typical cooling 


Using the temperatures at 5 and 10 
min., and substituting into Eq. 8 


24.0 

one (3) 

= 0.0133 sq. ft. per hr. 


From calorimeter test specific heat = 
= 0.1691 Btu. per lb. per deg. 
Fahr. 
Density = 2.738 
. k = ape = 0.0133 X (2.74 X 
ie 62.4) X 0.1691 = 0.384 Btu. 
per sq. ft. per hr. deg. Fahr. 
per ft. 
The same specimen when tested at B 
= 1.3 (see Fig. 4) gave a value of dif- 


TABLE II.—THERMAL CONSTANTS OF STONES. 


Material Origin 


Specific | 


Gravity 


Sandstone 
Fossiliferous limestone . 
Serpentine Bala, Kans. 
Limestone Ohio 

Neat cement cylinders.............. Victor brand 
cement) 


.| Riley County, Kans. 


Lincoln County, Kans. x | 
(Portland | 


curves for a given specimen at different 
Biot’s modulus. In order to illustrate 
the method of determining the dif- 
fusivity, the following calculations are 
presented: 
ossiliferous 
3 in. 


limestone— 


te 

39.4 

36.8 

34.3 

31.9 

29.4 

21.3 0.879 
Avg. = 0.866 


0.866 from Eq. 7. 

0.744 from tables of Bessel’s 
functions. 

0.30 from Fig. 1. 


fusivity equal to 0.0138. For any given 
type of rock, the diffusivities found by 
this test were within 10 per cent of the 
average. 

The average values of the thermal 
constants calculated by this method are 
— in Table II. 


CONCLUSIONS 


In developing the method described 


in this paper, a number of difficulties 
were encountered. Since the accuracy 
of results obtained depends mainly on 
these factors, they will be briefly 
described. 

1. The thermocouples must be of fine 
wire to prevent additional conduction 
through the wire. 

2. The thermocouple on the outside 
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of the specimen must be placed slightly 
under the surface and must not be 
exposed. 

3. The temperature of the cooling 
air must be kept constant, a variation 
of this temperature causing a large 
variation of the diffusivities calculated. 
The difficulty can be overcome by using 
a large room. 

4. Cooling in water was not used due 
to the penetration of the water into the 
specimen during the test. 

5. Specimens obtained from different 
parts of the same rock may give dif- 
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ferent results due to difference in grain 
of the rock. 

With these precautions in mind, and 
by careful experimentation, the thermal 
constants of many materials can be 
determined with acceptable accuracy. 
Compared to the method of calculating 
the conductivity directly, this method 
of determining the thermal constants is 
of great advantage. 

In closing, the author wishes to 
acknowledge thanks to L. V. Nothstine 
for his assistance in obtaining the ex- 
perimental results presented in this 


aper. 


-< 
iw fa: 


tre = 


ea! @: 


tom-- ~ * t 


= - 
&€ 


Dep 


- 


as 
in 
, the 
me 
tra 
att 
her 
mu 
AAD 
& 4 4 A. 
ica. 
Pal 
son 
firs 
= fac 
i+! EZ has 
tio: 
a 
is: iss cage 
+ 
ae ait 


Mr. L. M. K. BoE (presented 
in written form).—The determination of 
thermal constants from the measure- 
ments of thermal variables during the 
transient period deserves much greater 
attention than has been given to it 
heretofore. Obviously the system used 
must be idealized to conform with one 
of the mathematical solutions available. 

Mr. Thomson presents a method of 
determining the thermal diffusivity (and 
indirectly the thermal conductivity) 
which does not require the evaluation 
of the thermal gradients in the specimen. 
The transient method has also been 
applied successfully for the determina- 
tion of the unit thermal conductance 
between a body and its surroundings by 
A. L. London, Instructor of Mechan- 
ical Engineering, Stanford University, 
Palo Alto, Calif. 

Mr. GERALD Pickett.W—Mr. Thom- 
son is to be commended for recognizing 
first the existence of a_ surface-film 
factor and then developing a technique 
whereby the value of the surface factor 
has negligible effect upon the determina- 
tion of thermal diffusivity. In the 

1 Professor of Mechanical Engineering, University of 
California, Berkeley, Calif. 


2 Research Physicist, Portland Cement Assn., Chi- 
cago, Ill. 


majority of scientific papers devoted 
to the effects of transient heat or 
moisture flow in solids, the problem is 
idealized and thereby mathematically 
simplified by the tacit assumption that 
the Biot modulus is infinity. This is 
rarely justifiable. 

In the interest of scientific accuracy 
I should like to point out that two ma- 
terials must have equal values of con- 
ductivity as well as equal values of 
thermal diffusivity in order that a com- 
bination of the two materials may give 
a thermally homogeneous body. To 


illustrate this necessity, let two materials 


A and B have the same thermal diffusiv- 
ity but let the conductivity of A be 
twice as great as the conductivity of B. 
Let three 4-in. slabs be made, the first 
of material A, the second of material 
B, and the third have the central 2 in. 
of material A with 1 in. of material B 
on either side. Let the three slabs be 
heated to the same equilibrium tempera- 
ture and then cooled. Given the same 
surface factors in all cases, the first two 
slabs will cool alike but the third will 
cool more slowly because the material 
with the high heat per unit volume is 
surrounded by the material of low con- 
ductivity. 
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THE THEORY OF CONCRETE CREEP 
I 


BY Wirtram R. LoRMAN! ot 


This paper is written with the view of establishing a simple and practicable 
method for determining the creep of plain concrete subjected to sustained 
load. 

The phenomenon of creep is defined and briefly described. The explana- 
tion of the manner in which creep and shrinkage occur is based on the gel 
theory as commonly accepted today. For constant sustained load the 
creep-time relation is expressed by a hyperbolic type of equation which is 
demonstrated as being quite feasible in predicting the creep of concrete. 
The creep-time equations for variable sustained load are derived from the 
above hyperbolic equation which is considered the basic law of creep. Also 
presented are two methods of determining the creep constants in the equations, 
the method used being dependent upon whether the sustained load is constant 
or variable. 

Correlation of experimental data found in the literature on concrete creep 
has made possible the establishment of the fundamental principles con- 
cerning the manner in which the creep constants are modified by various 
physical factors. Among these factors governing the magnitude of creep 
mix proportions and aggregate gradation are believed most important. Indi- 
cations are that within the range of plastic mixes creep is governed by the 
water-cement ratio and is practically independent of the cement content 
of the mix. Study of available creep data also points to the conclusion that 
the creep coefficient, which is numerically equal to the ultimate creep strain 
per unit of stress, increases with the fineness modulus of the aggregate. 


> 


Concrete creep is the nonelastic defor- 
mation, which continues to increase with 
time, of concrete subjected to sustained 
load. Throughout this paper concrete 
creep is considered as an inelastic defor- 
mation due entirely to the action of 
sustained load and is not to be con- 
strued as including any deformation due 
to other causes such as growth, shrink- 
age, swelling, etc. All creep data used 
in establishing the theory herein are in 
conformity with the above interpreta- 
tion. Creep is desirable in concrete 


1 Assistant Engineer, Bureau of Reclamation, United 
States Department of the Interior, Denver, Colo. 


structures since the favorable distribu- 
tion of stresses produced by volume 
changes depends upon the ability of the 
concrete to adjust itself to stress condi- 
tions. The effect of creep is in general 
to relieve the stresses and thus aid in 
reducing the tendency toward cracking. 

Probably the first reference to creep 
of concrete is that regarding the experi- 
ments of Woolson (21)? in 1905. As far 
back as 1925, when the Stevenson Creek 
Arch Dam investigation was projected, 
sufficient facts concerning concrete creep 

2 The boldface numbers in parentheses refer to the re- 


ports and papers appearing in the list of references ap- 
pended to this paper, see p. 1102. 
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had previously been established to war- 
rant inclusion of this phenomenon as an 
important factor. Accordingly, Davis 
(2) was commissioned to perform labo- 
ratory tests dealing with creep of con- 
crete. The results were valuable in that 
they aided in reaching a satisfactory 
explanation of the volume changes oc- 
curring in the concrete of the dam. In 
1927 Faber (10) published his paper 
showing creep as an important factor in 
reinforced concrete design. Soon after, 
Glanville (12) began a series of laboratory 
experiments and subsequently intro- 
duced what perhaps were the first 
theoretical calculations involving the 
properties of creep. Both American and 
British investigators (Ross (15), Shank 
(17), and Thomas (19)) have since that 
time published the findings of their 
observations together with suggested 
mathematical expressions for predicting 
the amount of creep taking place in a 
concrete subjected to certain conditions. 

Despite the seemingly large amount 
of work accomplished by various in- 
vestigators, the experimental data pub- 
lished during the past few years are 
limited in scope. This is due to the 
large number of physical variables in- 
volved and to the lack of correlated 
experimental results of various investi- 
gations. Thus much difficulty is en- 
countered in estimating the creep an- 
ticipated to occur in a given concrete. 
It is the intention of the author to 
develop methods whereby one may 
obtain a more exact determination of 
the magnitude of creep. With slight 
changes, Ross’ (15) type of creep-time 
relation has been the basis for the 
concrete creep theory as presented in 
this paper. 

It is hoped that this contribution will 
point to the great need for correlated 
experimental data dealing with creep 
of concrete. At present, any efforts to 
correlate the findings of various experi- 


menters invariably are met with con- 
siderable difficulty. » 


Wil 
THE GEL 


It has been suggested that creep of 
concrete may involve all three of the © 
following types of yielding: (a) crystal- 
line flow (in a crystalline mass, slippage 
along planes within the crystals); (5) 
seepage (due to applied pressure, flow of — 
adsorbed water from the cement gel); 
and (c) viscous flow (movement of 
particles, as in the flow of asphalt). A 
portion of the creep possibly may be due 
to crystalline or viscous flow; neverthe- 
less, it is believed that the major portion 
is caused by seepage, which would appear 
to be the most acceptable explanation — 
of creep. The hydration of portland 
cement results in the formation of an 
amorphous or gelatinous mass, ordinarily 
termed “gel,” which serves to connect 
the aggregate particles. Water may 
exist in the concrete mass in three 
principal forms (11): (a) chemically- 
combined water (in chemical combination 
with the cement), (b) adsorbed water 
(adsorbed by the cement gel), and (c) 
free water (water within the microscopic 
pores or spaces between the gel par- 
ticles). According to Lynam (14), chem- 
ically-combined and free water play no 
direct part in volume changes. Thus, 
except for the effect of hydration, gain 
or loss of adsorbed water from the gel 
appears to be the basis of volume 


changes resulting from ambient moisture _ 


variations or from sustained pressure. 
The gel may be considered as having 
microscopic pores; with the removal of 
water the pore spaces collapse and the 
gel shrinks, while upon the addition of 
moisture the pore spaces adsorb water 
and the gel expands. This process is 
dependent upon frictional resistance to 
flow of water along the capillary channels — 
which permeate the mass of concrete. 
Other things being equal, the total ; 
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frictional resistance is governed by the 
The steeper the 


other hand, be dependent upon seepage 
caused by applied external pressure. 
Subjecting the concrete to an external 
load, the adsorbed water is expelled 
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that over a long period of time creep 
approaches a limiting value. The limit- 
ing value toward which unit creep tends 
under a given set of conditions is termed 
ultimate creep strain. During the past 
decade various types of creep-time 
equations have been proposed by Ameri- 
can and British authors. It is apparent 
that only those equations which make 


. from the gel. The rate of expulsion of 
moisture in this instance is a function 
7 of the applied load and of the friction in 
the capillary channels. The greater 
_ the applied load, the steeper the pressure 
gradient with consequent increase in 
rate of moisture expulsion. By the 
f foregoing hypothesis shrinkage or swell- 
ing due to loss or gain of moisture and 
creep due to seepage are interrelated 
phenomena. Despite this relation the 
_ two are considered separately. 


creep tend toward a finite limit are of 
practical value. Probably the most 
outstanding contributions in this respect 
are a hyperbolic form proposed by Ross 
(15) and an exponential form developed 
by Thomas (19), each asymptotically 
approaching a constant value. In this 
paper the hyperbolic expression will be 
used exclusively because of its com- 
parative simplicity. 

Assuming f(#) in Eq. 1 in the hyper- 
bolic form, one has 


CREEP OF CONCRETE SUBJECTED TO (2 
CONSTANT SUSTAINED LOAD 


n+t 


 Hooke’s Law for Creep Strain: 


where ¢ is the time in days reckoned from 
Results of the more recent laboratory 


tests point to the conclusion that, within 
the range of design stresses, creep strain 
or unit creep is proportional to the 
stress. The creep-stress relation for 
constant sustained load may be written 
in the form 


where ¢, is the creep strain in millionths 
of an inch per inch, o is the stress in 
pounds per square inch, and the co- 
_ efficient f(#) is a function of time because 
creep strain varies while the stress re- 
-mains constant. From test results pub- 
_ lished by Glanville (13) and by Ross (16) 
it appears that Hooke’s law applies to 
creep strain accurately for stresses from 
0 to 650 psi. and approximately for 
stresses from 650 to 1500 psi. Wie 


Creep-Time Equation: jh vind 


Creep-time curves which have been 
carried sufficiently far clearly indicate 


the instant when the load is applied, 
and m and » are constants whose sig- 
nificance is explained below. When ¢ 


becomes very large, the quotient ro 


approaches unity. It follows that the 
limiting value of creep strain is | 

where m is the creep coefficient in mil- 
lionths of an inch per inch per pound 
per square inch and is numerically equal 
to the ultimate creep strain per unit of 
stress. Setting ¢ equal to m, one has 


= Mo 


whence it follows that 50 per cent of the 
ultimate creep strain is obtained at the 
time ¢ = mn. Since the value of a 
governs the rate at which the limiting 
value of creep is approached, m is termed 
creep-time constant and is measured in 
the same units as time (in this case, days). 
The creep coefficient m and the creep- 
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time constant m collectively will be 
referred to as the creep constants. 


Determination of Creep Constants: 


When the relation between creep and 
time for a specific case is given in the 
form of a curve or a numerical table, 
the creep constants may be determined 
by the following graphical solution. 


Limiting Valve~ 

Ec (Measured) 

*€c Computed) 

0 100 200 300 400 500 

Time, t, days 


~ 0.000460 


CREEP 1085 
If the data are such that they can be 
fitted by the hyperbolic creep-time 
equation the resulting graph is a straight 
line. The slope of the straight line is 
equal to m and the vertical intercept 
is numerically equal to m. 

The following example will serve as 
an illustration of the method. Re- 
quired to find m and » for the creep-time 


Creep Strain, 
in. per inch 


Time, t, days 


=) 


Intercept n=/5 


Fie. 1, Solution for Creep Constants. 


Diameter of specimens—6 in. 
Aggregate—gravel (source unknown). 
Maximum size of aggregate—1} in. 
Combined fineness modulus—5.69. 
Cement— normal portland. 
Aggregate-cement ratio by weight—6.95. 
Water-cement ratio by weight—0.61. 
Slump—unknown. 

Curing—28 days, water, 70 F. 

hover at loading —28 days. 

Sustained stress: 800 psi. compression. 


ones after loading —100 per cent relative humidity, 70 


Source—R. E. Davis, H. E. Davis, and J. S. 


Clearing fractions in Eq. 2 one has 
(n + t) = 


Introducing the quantity v defined by 
the relation 
al 
v= — 


and solving Eq. 3 for ¢, one has 
t=mv—n 


Note that ¢ is a linear function of 2, 
since m and m are constants. From 
the creep data, values of » may be cal- 
culated and ¢ may be plotted against v. 


0 200 400 600 800 1000 1200 1400 1600 


Hamilton, “Plastic Flow of Concrete Under Sustained Stress,’’ 
ceedings, Am. Soc. Testing Mats., Vol. 34, Part II, p. 368, (Fig. 7, Series 13) (1934). 
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curve in Fig. 1 (insert). Knowing that 
o = 800 psi. and taking related values of 
# and ¢«, from the curve, calculate »v. 
Plot ¢ against v as shown in Fig. 1. 
Pass a straight line through the points, 
attaching more significance to points 
farther to the right so as to obtain more 
accurately the ultimate value of creep 
strain. Measure the slope and the 
vertical intercept, obtaining the creep — 
coefficient m = 0.36 and the creep-time © 
constant m = 15. The fact that the 
points in the graphical solution in Fig. 1 
practically lie on a straight line indicates _ 
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that the creep data given by the solid 
curve in the insert can be closely rep- 
resented by the hyperbolic creep-time 
equation. For visual comparison, Fig. 1 
(insert) shows the calculated creep strain 
plotted alongside the measured creep 
strain. Experience of the author has 


proven that creep data obtained by 
Davis, Glanville, Ross, Thomas, and 
other investigators can be fitted by the 
hyperbolic creep-time equation with an 
accuracy adequate for all practical 


purposes. 

hs 

CREEP OF CONCRETE SUBJECTED TO 
VARIABLE SUSTAINED LOAD 


Derivation of Equations: 


In the preceding section only that 
case was considered where the entire 
stress becomes effective at once. Of im- 
portance also is the case where the stress 
is applied gradually (in increments or 
continuously). A solution for the case 
of gradual loading ordinarily can be 
obtained by a process of summation 
since the effects of component stresses 
are superposable as long as the total 
stress does not exceed the limits of 
Hooke’s law for creep strain. It will be 
assumed throughout this section that 
the total stress does not exceed 650 psi. 

Loads which are applied during an 
interval of several seconds or less will 
be regarded as instantly applied loads. 
The effective time of application of the 
load may be taken as the instant when 
two-thirds of the load has been realized. 
However, it is seldom necessary to 
reckon time closer than to the nearest 
day. If a constant sustained load be- 
comes instantly effective at the time 
t = 0, the creep strain produced is 


n+t 
where time is reckoned from the instant 
when the load is applied. If the load 


is applied at the time ¢ = 1, that is, if 
time is reckoned from an instant prior 
to the application of the load, the 
relation becomes 


m(t — r) 
where 7 is the time of application of the 
load. 

Suppose the stress is applied in two 
separate increments. Stress increment 
Ao; becomes instantly effective at the 
time ¢ = 7,; stress increment Ago, at the 
time ¢ = 72. The entire stress is 


ao = Ao; + Age 


The creep constants generally vary with 
the age of the concrete at the time of 
load application and therefore it becomes 
necessary to use two sets of constants. 
Let the creep constants be m, and m 
for creep produced by the first stress 
increment, m2 and m2 for creep produced 
by the second increment. By virtue 
of Eq. 4 the creep strain at any time 
after the application of the second stress 


mi(t — 
= f 5 


t = T2 > 7. . (5) 


+G- 


If a large number P of stress increments 
are applied at regular time intervals 
and if the rate of loading is known, the 
creep-time relation is expressed in the 


t= Tz Agz 
+ (t — 72) Arz 


z=1 


t>rp..(6) 


A study of creep data indicates that if 
the concrete is more than 90 days old 
at the time when the first load increment 
is applied, the creep coefficient is sens- 
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ibly the same for each term of the 
summation and may be factored out- 
side the summation sign. Under these 
conditions is also the same for each 
term of the summation. The case 
where m and m are variable will not 
be considered. 

Suppose the load continuously in- 
creases from the time +r = 0, when it 
is zero, to the time t = TJ, when it 
becomes constant. The rate of increase 
may be either at a uniform rate as in 
Fig. 2 or at a nonuniform rate. In 
computing the creep strain at any time 
before the load has become constant 


- 0.000125 
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Let it be assumed that, first, the load 
increases at a uniform rate from ¢ 


to ¢ = oo, or 


and second, the concrete is sufficiently 
aged at the time 7 = 0 so that m and n 
may be considered constant. From 
Eqs. 7 and 8, one obtains by integration 


¢—niog(1 +5) | t=T..(9) 
& = 1 +n og (1-35) } 


ds 
— = - = k = constant, 
dr 


IV 
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7 Fic. 2.—Stress and Strain (Uniformly-Increasing Load). 


(¢ = T) one must include in the sum- 
mation only those increments which 
have already become effective, or 


T=t 


do 


7=0 


The creep strain at any time after the 
load has become constant (¢ = T) is 
obtained by summing up the effects of 
all load increments (from +r = 0 to 


t-—r 


ar (27. 


When becomes infinite, Eq. 10 
duces to 


- = kmT 


or, since & (the rate of growth of the 


stress) is the ratio of oo to T, 
= mao 


giving the same ultimate creep as for 
a constant sustained load of magnitude 
oo. Figure 2 indicates the creep strain 
curve B obtained from Eqs. 9 and 10 
when the creep constants are m = 0.40, 
n = 90 and when the loading data are 
oo = 300 psi. compression, TJ = 300 days. 
Examination of Eq. 11 reveals that the 
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ultimate creep strain for a uniformly 
increasing stress is independent of the 
rate of increase of the stress. If the 
creep constants are variable the creep 
strain apparently cannot be determined 
by integration in which case one may 


compute the creep strain by an ordinary 
summation process. 


Determination of Creep Constants: 


By means of the above equations 
computation of the creep strain curve is 


< 


220 
ef 


7 


1.40 
1.35 
1.30% 
1.25 


60 1.20 
O 50 100 150 200 250 300 350 400 
Creep-Time Constant, n, days 


Fic. 3.—Chart for Determining Creep 
Constants. 


possible providing that values of the 
creep constants are known. In actual 
practice the order is reversed in that the 
creep strain curve is given and the 
problem requires a determination of the 
creep constants of the concrete. The 
problem may be briefly stated thus: 
given, the stress curve (which increases 
at a uniform rate and finally becomes 
constant) and the creep strain curve; 
required, the creep constants m and n. 
It is assumed that the creep strain curve 


oF CONCRETE CREEP 


extends over a time interval sufficiently 
long to permit a satisfactory determina- 
tion of the constants. The interval may 
be either during or after the growth 
period of the load. As an illustration, 
a portion of curve B in Fig. 2 will be 
used as the creep strain curve. The 
solution given here is dependent upon 
the following assumptions: (a) the creep 
strain obeys the laws stated in the 
equations for continuously applied and 
uniformly increasing loads, (0) the creep 
constants are invariable. 

Two cases of creep constant deter- 
minations are possible. First, when 
the creep strain curve covers a time 
interval during the growth period of 
the load; second, when the creep strain 
curve covers a time interval after the 
growth period of the load. In this 
paper charts and formulas are developed 
applicable only to the first case. Letting 


n log (: +5) = F(n, 


one has 


= km[t — F(n, t)), t= T...(12) 


by virtue of Eq. 9. Since each term of 
Eq. 12 is a function of ¢, one may write 


= S(é) 
where S(¢) is defined by Eq. 12. Thus 
S() = km[t—F(n,d), T...(13) 


In Fig. 3 the function F(n,t) is plotted 
against for two different values of 
namely, 300 and 200 days. These 
values of ¢ are not arbitrary but are 
adapted to the case where the growth 
period of the load is 300 days. Another 
function plotted in Fig. 3 is 


F(n, 300) 


200) 


which is obtained by taking the ratios 


of corresponding ordinates of the first 
two curves. Note that the function f 
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is almost constant, varying only from 
1.21 (when x = 50) to 1.35 (when 2 = 
300). For mass concrete in compression 
it has been found that m is generally 
between 100 and 200 and a good approxi- 
mation of f is 1.30. For laboratory 
concrete in compression is generally 
between 20 and 100, a suitable approxi- 
mation of f being 1.20. Beginning with 
an approximate value of f one calculates 
the creep constants by means of the 
following procedure. Making use of 
Eq. 13 one may write Eq. 14 in the 


form 

y S(200) — 200 km 
where & is known from the loading data, 
where $(300) and S(200) are given by 
the creep strain curve, where f is known 
approximately. Solving for the un- 
known quantity m, one has 

1,8(200) f — S(300) 

k (200f — 300) 
From Eq. 13 one has | 


F(n, 300) = —~ {8(300) — 300 km]. . (16) 


F(n, 200) = ak [S(200) — 200 km]. . (17) 
km 


As soon as m has been determined one 
can calculate F(n,300) or F(n,200) or 
both. Entering the chart in Fig. 3 
with a value of F(u,300) or F(n,200) 
the value of m is read directly. Having 
an approximate value of m one can 
determine the corresponding value of f. 
If this new value of f differs from the 
assumed value one should repeat the 
determination of m and using the new 
value of f. Although the process may 
be repeated any number of times, 
yielding more and more accurate values 
of the creep constants, consideration 
of the practical limitations of strain 


measurement accuracy seldom warrants 
going beyond the second approximation. 

The above charts and formulas are 
adapted to the case where the period of 
growth of the load is 300 days. Never- 
theless, the charts and formulas may be 
readily altered to meet the demands 
of any other case. 


PHYSICAL FACTORS AFFECTING CREEP 
CONSTANTS 


The values of the creep constants are 
coritrolled by various physical factors 
all of which are not of equal importance. 
As far as is now known, the creep co- 
efficient m depends principally upon the 
following factors: humidity during 
loaded period, age at loading, size of 
specimen, mix proportions, aggregate 
gradation, type of aggregate, type of 
cement, and temperature during loaded 
period. Laboratory studies of the in- 
fluence of these eight factors generally 
have been confined to compressive load, 
consequently little has been learned con- 
cerning the relative effects of any one 
factor in compression and in tension. 
Based on the gel theory, apparently 
each of the above factors except humidity 
during the loaded period should produce 
the same effect under tensile as under 
compressive load. The effect, upon the 
creep coefficient, of humidity during the 
loaded period should be opposite in 
tension and in compression. The varia- 
tion of the creep-time constant is 
slightly erratic and cannot always be 
interpreted in terms of the various 
physical factors discussed below. ee 


Humidity During Loaded Period: — 


The humidity of the atmosphere 
during the loaded period should affect 
creep only inasmuch as it influences the 
expulsion of moisture from the concrete. 
This is obvious considering that an 
increase in external humidity reduces 
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Winfaal Relative Humidity During Storage, per cent 


7 eel Soe Fic. 4.—Effect of Storage Humidity on Creep and Shrinkage. 
Diameter of specimens—4 in. Water-cement ration by weight—0.59. 
Aggregate —gravel (Niles, Calif.). oh Slump —unknown. 
Maximum size of aggregate—unknown. Curing—28 days, water, 70 F. 
_ Combined fineness modulus—S.61. Age at loading—28 days. 

Cement—normal portland. Sustained stress—800 psi. compression. 
somremnte-comens ratio by weight—S.67. Storage after loading—70 F., humidity indicated. 
Source —R. E. Davis, H. E. Davis, and J. S. Hamilton, “Plastic Flow of Concrete Under Sustained Stress,” Pro- 

a. ceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 360, (Fig. 1, Series 3) (1934). 
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(Water-cured) 
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Fd 
a. 


Creep Coefficient, percent 


50 (Air-Cured)|———-» a’ 
0 30 60 90 
Age at Loading, days 
Fe. 5.—Effect of Age at Loading on 
Devi Glaavill 
avis anville 
Diameter of 4 in. 4 in. 
granite Cr. Dam) Gravel (source unknown) 
aximum size of aggregate........ in in. 
Combined fineness 5.03 5.24 
Aggregate-cement ratio by weight................. 5.05 6 
Water-cement ratio by weight..................... 0.70 
water, 70 F. loaded 2 days, 100 per cent 
relative umidity, 68 68 F.; then 
65 per cent humidity, 
annie 600 psi. 600 psi. compression 
water, 70 F. 65 per cent relative 


humidit 

Source—R. E. Davis, H. E. Davis, and J. S. Hamilton, ‘Plastic Flow of Comets Under sustained St Sustained Stress,” Pro- 
ceedings, Am. Soc. Testing Mats. Vol. 34, Part II, p. 370, (Fig 9, Series 2) (1934). 

Source—Glanville, Building Research Technical Paper 12, D. 16, (Table 3, Batch 30) (1930). 
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the surface evaporation, increases the 
resistance to capillary flow, and reduces 
seepage. The variation of the creep 
coefficient with relative humidity is 
shown in Fig. 4. The general effect of 
atmospheric humidity upon the loss of 
moisture from concrete may be observed 
in the shrinkage and swelling of un- 
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Creep Coefficient, percent 
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Diameter of Specimen, in. 


Fic. 6.—Effect of Specimen Size on Creep. 


Diameter of specimens—indicated 
Aggregate- gravel (source unknown) 
Maximum size of aggregate—1% in. 
Combined fineness modulus—5.69 
Cement — normal portland 
Aggregate-cement ratio by weight—6.95 
Water-cement ratio by weight—0.61 
Slump—unknown 

Curing—28 days, water, 70 F. 

Age at loading —28 days. 

Sustained stress - 800 psi. compression 
— after loading—100 per cent relative humidity, 


OF 

Source—R. E. Davis, H. E. Davis, and J. S. Hamil- 
ton, ‘Plastic Flow of Concrete Under Sustained 
Stress,” Proceedings, Am. Soc. Testing Mats. Vol. 
34, Part Il, p. 368, (Fig. 7, Series 13) (1934). 


stressed specimens. Specimens cured 
in water for 28 days and stored in moist 
air have been found to shrink consider- 
ably when the relative humidity is 70 
per cent and to swell slightly when it 
is 100 per cent. Under the conditions 
on which Fig. 4 is based, moisture equi- 
librium for unloaded specimens is ob- 


tained at a relative humidity of about 


ft) tat 


Age at Time of Loading: 


Creep should depend upon the age 
of the specimen at the time of load 
application. The cement hydration 
has progressed, the less creep should be 
obtained. The variation of the creep 
coefficient with the age at loading is 
shown in Fig. 5. The creep coefficient 
curve for the water-cured concrete begins 
flattening earlier than the curve for the 
air-cured concrete because hydration is 
achieved more rapidly in the former 
than in the latter case. A study of creep 
data for mass-cured concrete® (all other 
conditions being approximately equal 
to Davis’ conditions) discloses that 
the variation of the creep coefficient 
with the age at loading closely agrees 
with Davis’ results for water-cured 
concrete. Without appreciable error, 
the curve based on Davis’ tests may be 
generally used for water-cured, fog- 
cured, or mass-cured concretes. 


Size of Specimen: 


It is generally considered that for 
cylindrical specimens loaded axially 
creep varies with the diameter but not 
with the length of the specimen. As the 
transverse dimensions..increase, the cor- 
responding increase in frictional resist- 
ance to flow along the capillary channels 
results in reduction of seepage. The 
variation of the creep constants with 
the diameter is shown in Fig. 6. As the 
relative humidity is reduced, expulsion 
of moisture from the concrete to the 
atmosphere becomes an even more im- 
portant factor and the effect of the 
size of specimen on creep may become 
quite more pronounced. In the tran- 
sition from small laboratory specimens 
to massive structures the increase in the 


dimensions of the concrete body tends — 


to reduce the creep coefficient. In the 


3 Unpublished data obtained in the laboratories of the 
pues of Reclamation, United States Department of the 
nterior. 
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course of the same transition, however, 
the maximum size of the aggregate 
becomes larger. It is shown below that 
the larger the maximum size of the 
aggregate, the more creep is obtained. 
Thus, increase in the dimensions of the 
specimen and increase in the maximum 
size of the aggregate are opposing 
factors. 


LORMAN ON THEORY 


aggregate-cement ratio and water- 
cement ratio, (b) cement content and 
water content, or (c) cement content 
and water-cement ratio. Having se- 
lected the two quantities which are to 
determine the mix, one can represent 
creep as a function of the mix propor- 
tions by contour plotting. Study of 
available data resulted in Fig. 7 which 
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Fic. 7.—Effect of Mix Proportions on — 


Diameter of specimens—4 in. = 

Aggregate—gravel (Berkeley, Calif.) x 

Maximum size of aggregate -%4 in. ie 

Combined fineness modulus — 4.94 

Cement —norma! portland 

ratio -variable (4.25-6.75) 
ater-cement ratio —indicated 

Slump — unknown 

Curing—28 days, 100 per cent relative humidity, 70 F. 


Age at loading—28 days. 
Sustained stress - 800 psi. compression 


Storage loading r cent relative 70F. 
‘Plastic Flow and Volume Changes of Concrete,” Proceedings, 


Source - Davis, . Davis, and E. H. Brown, ‘ 


Am. “hg Testing andy Vol. 37, Part si p. 321, (Fig. 2, Series 17) (1937). 
Nore.—Creep values measured 600 days after load application. 


The proportions of v water, cement, 
and aggregate should have a pronounced 
effect on the magnitude of creep. The 
determination of this effect, however, is 
complicated by the fact that two in- 
dependent variables are involved. For 
a given aggregate grading the pro- 
portions of the mix can be stated in 
terms of any two quantities which 
govern the water content at the time of 
mixing and the cement content. The 
two quantities chosen may be: (a) 


Mix Proportions: 


shows the creep strain plotted against 
water-cement ratio and cement content. 
Since only six points were available for 
determining the contours, Fig. 7 should 
be considered merely as indicative of 
the general trend. If data from a large 
number of mixes were available for 
comparison, an accurate representation 
of creep as a function of the mix pro- 
portions could be made. 

For given curing conditions the pro- 
portions of free and adsorbed water at 
the time of loading depend primarily on 
the water-cement ratio. The combined 
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quantity of free and adsorbed water at 
the time of loading, however, chiefly 
depends on the water content at the 
time of mixing. From a consideration 
of the gel theory it is not at once obvious 
whether the magnitude of creep should 
be governed by the water-cement ratio 
or by the water content at the time of 
mixing or by both. In early tests on 
the effect of mix proportions on creep 
neither the water content nor the water- 
cement ratio were kept constant for a 
series of tests. The only conclusion 
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Fic. 8.—Effect of Water-Cement Ratio on 
Creep (Constant Cement Content). 


that could be drawn was that creep 
increased as the mix became leaner. 
Ross (15) suggested that “...creep is 
increased with leaner mixes only because 
of increase in water-cement ratio. So 
long as the mixture is workable ... it 
seems probable that the aggregate- 
cement ratio has little effect....’’ Ross’ 
theory may also be stated thus: within 
the range of plastic mixes, creep is 
governed by the water-cement ratio 
and is practically independent of cement 
content. If this theory is correct, creep 
contours plotted against water-cement 
ratio and cement content should be a 


series of lines parallel to the axis of 
cement content. The contours in Fig. 7, 
in so far as correctly sketched, indicate 
that: (a) Ross’ theory holds at least 
within a limited range of mixes, (bd) 
the effect of cement content on creep 
is always small compared to the effect 
of water-cement ratio, and (c) the creep 
coefficient rapidly increases with in- 
creasing water-cement ratio. 
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Creep Coefficient 


by Weight 
0 0 
0.40 0.50 060 0.70 080 090 


Water-Cement Ratio by Weight 


Fic. 9.—Effect of Water-Cement Ratio on 
Creep (Constant Slump). 


Diameter of specimens —4 in. 

Aggregate gravel (source unknown) 

Maximum size of aggregate -unknown 

Combined fineness modulus —5.24 

Cement—normal portland 

Aggregate-cement ratio by weight—indicated 

Water-cement ratio by weight—indicated 

Slump—? in. 

ee By days, 100 per cent relative humidity, 68 F.; 
26 +> 65 per cent relative humidity, 68 F. 

Age at loading - 28 days 

Sustained stress 600 psi. compression 

Storage after loading —65 per cent relative humidity, 


Cement Content, Ib. per 100 lb.dry mix 


Source —Thomas, Building Research Board, Report 
for 1933, Pp. 63, Fig. 19, Department of Scientific and 
Industrial Research, London, England, (1934). 


In what follows it will be assumed 
that for all practical purposes the effect 
of mix proportions on creep is limited 
to the effect of the water-cement ratio, 
not only under the condition of Davis’ 
tests but under all conceivable con- 
ditions. The variation of creep with 
water-cement ratio, for two different 
test conditions, is shown in Figs. 8 and 
9. Figure 8 shows the variation of — 
creep with increasing water-cement ratio — 
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when the cement content is constant. 
The data were obtained by taking 
profiles across the contours in Fig. 7. 
Although the contouring in Fig. 7 may 
not be precise, the general trend of the 
curves in Fig. 8 is believed correct. 
Figure 9 indicates the variation of creep 
with water-cement ratio when the slump 
is constant. For the conditions of 
Thomas’ tests the creep coefficient is 
very nearly proportional to the square 
of the water-cement ratio. 


Aggregate Gradation: 


It is believed that creep to a large 
measure depends upon the gradation of 
the aggregate. However, no satisfac- 


tory investigation along this line is 
known to have been undertaken. A 
survey of available creep data discloses 
that the creep coefficient increases with 
the fineness modulus of the aggregate. 
In general, the fineness modulus depends 
on both the maximum size of the ag- 


gregate and the quality of the grading. 
For well-graded aggregates, the fineness 
modulus is a rough measure of, and 
increases with, the maximum size of 
aggregate. The degree of variation of 
the creep coefficient with the fineness 
modulus may be derived from Table I, 
containing creep data for-15 concretes. 
These concretes differ in type of ag- 
gregate, in aggregate gradation, and in 
mix proportions. Comparison of creep 
coefficients for mixes which differ in 
water-cement ratio and in aggregate 
gradation (tests 1A and 1B, 6A and 6B) 
reveals that the effect of an increase in 
fineness modulus offsets the effect of a 
decrease in water-cement ratio. Refer 
to Fig. 9 and to Table I (tests 2A and 
2B) for a concept of the effect of water- 
cement ratio on the creep coefficient. 
For mixes which differ only in aggregate 
gradation (tests 5A and 5B) an increase 
in fineness modulus results i in an in- 
crease in creep coefficient. ne 


Under properly controlled laboratory 
conditions, as the maximum size of the 
aggregate increases, the fineness modulus 
becomes greater and the dimensions of 
the specimen are increased. Thus in 
the transition from laboratory concrete 
to mass concrete it is possible to roughly 
correlate two opposite effects which 
occur simultaneously: (a) the increasing 
dimensions of the specimen tend to 
reduce the creep coefficient, (6) the 
increasing fineness modulus tends to 
increase the creep coefficient. The com- 
bined effect of increasing fineness modu- 
lus and increasing dimensions of the 
specimen may be observed by comparing 
the creep coefficients of the laboratory 
concretes listed in Table I (tests 2A, 
5A, 5B, 5C, 5D, 7, 8A, 8B) and the mass 
concrete in Boulder Dam, block J4, 
elevation 595. The fineness moduli of 
the aggregates used in the laboratory 
mixes ranged from 4.5 to 5.7. The 
fineness modulus of the Boulder Dam 
aggregate was 7.0. Other conditions 
for the laboratory mixes and the Boulder 
mix were roughly equal, as shown by 
the following data. Laboratory con- 
crete: water-cement ratio, 0.53 to 0.61; 
cement, normal portland; curing and 
storage, at 70 F. in fog or water; com- 
pressive load applied at the age of 28 
days. Boulder Dam concrete: water- 
cement ratio, 0.54; cement, normal 
portland; mass curing, starting tempera- 
ture 80 F. and an average temperature 
of approximately 68 F. during the first 
300 days; compressive load applied in 
increments beginning at the age of 5 
days. The creep coefficient of the 
laboratory concretes ranged from 0.2 
to 0.4 whereas the creep coefficient of 
the Boulder Dam concrete, as calculated 
from the records of embedded strain 
meters, was 0.6. The comparison 
demonstrates that in the transition from 
laboratory specimens to massive struc- 
tures the effect of the increasing fineness 
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modulus overshadows the effect of the 
increasing dimensions of the specimen. 


Type of Aggregate: 

Tests by Davis (4) indicate that con- 
cretes having the same mix proportions 
and the same aggregate grading but 
fabricated with various aggregates have 
different creep coefficients. Figure 10 
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Fic. 10.—Effect of Type of Aggregate on Creep. 


» Diameter of specimens—4 in. 
Aggregates — indicated 
Maximum size of aggregates—unknown 
Combined fineness modulus—5.75 (for gravel 5.61) 
Cement—normal!l portland 
Aggregate-cement ratio by weight—5.67 
ater-cement ratio by weight—0.59 
Slump— indicated 
Curing —28 days, 100 per cent relative humidity, 70 F. 
Age at loading —28 days 
Sustained stress 800 psi. compression 
Storage after loading—5SO per cent relative humidity 


70 F. 

Source—R. E. Davis, ‘‘Flow of Concrete Under the 
Action of Sustained Loads,” Proceedings, Am. Con- 
crete Inst., Vol. 27, p. 857, (Fig. 6, Series 4) (1931). 


presents the results of a test in which 
five crushed-rock aggregates and one 
natural aggregate were used. Each 
crushed-rock aggregate was combined 
so as to give exactly the same gradation 
as the natural aggregate (Niles sand 
and gravel). All six concretes had the 
same mix proportions. A comparison 
of the five crushed-rock concretes shows 


that there is a considerable range of 


_ Variation in the magnitude of the creep 


coefficient and that the creep-time 
constant is practically the same for all 
five crushed-rock concretes. 

The following aggregate characteris- 
tics possibly may influence the variation 
of the creep constants for concretes made 
with different aggregates: (@) mineral 
composition, (6) particle shape, (c) 
surface texture and pore structure. 

(a) It is possible that the creep of 
concrete is caused not only by yielding 
of the gel but also by crystalline slip. 
The magnitude of crystalline slip should 
be expected to be different for aggre- 
gates of different mineral composition. 
Variations of the creep coefficient, there- 
fore, may be partly due to variations 
in crystalline slip. It appears, however, 
that crystalline slip alone cannot account 
for the entire amount of variation shown 
in Fig. 10. 

(b) The ideal gradation of an aggre- 
gate depends upon the shape of the 
particles. Hence for a given aggregate 
gradation and given mix proportions, 
the shape of particles should influence 
all important properties of concrete. 

(c) In regard to the gel theory the 
size, shape, and structure of the pore 
spaces and capillary channels in the 
aggregate possibly have considerable 
bearing upon the creep constants. The 
pores near the surface of the particles 
are especially important. This is ob- 
vious when one considers, by analogy, 
that the strength of bond between the 
aggregate particles and the surrounding 
matrix is dependent upon mechanical 
anchorage sometimes due to roughness 
of the aggregate and more often due to 
adhesion caused by suction of the paste 
into superficial pores in the aggregate. 


Type of Cement: 


A direct comparison of the creep in 
low-heat cement and in normal cement 


Creep Strain per Unit of Stress, 


1096 
4 
~ ) 
7 
) 
Cor 
= Ter 


eep 
ime 


pound per 


0.00000020 
0.000000 10 


h per 


in. per inc 


Creep Strain per Unit of Stress, 


0 
0 20 40 60 80 100 120 
Time, days 
Fic. 11.—Effect of Type of Cement on Creep. 


Diameter of specimens—6 in. 
Aggregate—gravel (Columbia River) 
Maximum size of aggregate—1}4 in. 
Combined fineness modulus—S.46 
Cement—indicated 
Aggregate-cement ratio by weight—9 (estimated) 
Water-cement {0.69 for normal portland cement 
ratio by weight|0.66 for low-heat portland cement 
Slump—1 in. 
Curing—Mass, beginning at 40 F. 
Age at loading—28 days 
for normal: 200 psi. compression; 
50 psi. tension 
Sustained stress low-heat: 400 psi. compression; 
100 psi. tension 
Storage after loading—80 F. constant 
Source —R. E. Davis, H. E. Davis, and E. H. Brown, 
“Plastic Flow and Volume Changes of Concrete,”’ 
Proceedings, Am. Soc. Testing Mats., Vol. 37, Part 
II, p. 322, (Fig. 3, Series 18) (1937). 


Type of Loading Type of Cement m 


. . Low-heat portland | 0 25 
Compression Normal portland 0.19 
Low-heat portland | 0 35 


Tension Normal portland 0 26 


200 
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concretes is shown in Fig. 11 and in- 
dicates that: (a) in either tension or 
compression, the creep coefficient for 
concrete made with low-heat cement is 
roughly one-third greater than for con- 
crete made with normal cement; (6) 
the magnitude of the creep-time con- 
stant does not appear to be materially 
affected by the type of cement. The 
comparison serves to explain why low- 
heat cement concrete possesses greater 
stress-relieving properties which result 


in superior resistance to cracking. __ 


Temperature During Loaded Period: — 


Creep should be influenced by both 
the temperature of the concrete and 
the temperature of the surrounding 
atmosphere. The concrete temperature 
affects the physical properties of the gel 
and of the water which seeps through 
the capillary passages. As the tempera- 
ture increases the viscosity of the water 
is reduced and seepage is facilitated. 
For a given relative humidity the rate 
of evaporation increases with increasing 


104 F. 


Curing 
(1) Wet Concrete'28 days, 
/OO per cent RH, 70 F i 
(2) Semi- dry Concrete: 28 days, 
100 per cent RH, 70 F; then We 
2-4 days, Oper cent RH, 


oO 


oO 


‘Strong Concrete 
(We A or Semi-dry) 


4 


Creep Coefficient, per cent 
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Fic. 12.—Effect of Storage Temperature on Creep. 


Diameter of specimens—3 in. 

Aggregate—gravel (Potomac River) 

Maximum size of aggregate—% in. 

Combined fineness modulus—3.7 (weak concrete), 
4.1 (strong concrete) 

Cement—normal portland 

Aggregate-cement ratio by weight—6.37 (weak con- 
crete), 3.00 (strong concrete) 


Water-cement ratio by weight—0.80 (weak concrete), 
0.40 (strong concrete) 

Slump —unknown 

Curing—see note on figure 

Age at loading—28-32 days 

590 psi. compression (weak concrete) 
Sustained stress {1126 pe compression (strong con- 
crete 

Storage after loading—sealed in rubber, temperature 

variable 


Source—A. U. Theuer, ‘‘Effect of Temperature on the Stress-Deformation of Concrete,”’ Journal of Research, Nat. 


Bureau Standards, Vol. 18, No. 2, p. 200 (1937). 
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evaporation results’ in greater loss of 
moisture from the surface of a loaded 
concrete speciment and consequently 
results in greater creep. Thus air 
temperature becomes an important con- 
sideration in the analysis of creep 
phenomena in laboratory specimens. 
Theuer (18), having eliminated evapo- 
ration by sealing his test specimens in 


was immediately sealed in rubber jackets, 
and the other oven dried at 104 F. 
from 2 to 4 days and then sealed. 
Theuer’s results, shown in Fig. 12, 
indicate that: (a) the higher the gel 
temperature, the higher the creep co- 
efficient; (b) for mixes of the same 
consistency, the variation of the creep 
coefficient; for a given temperature 
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Fic. 13.—Creep Under Compressive and Tensile Load. 


Diameter of specimens 


aximum size of aggregate 
Combined fineness modulus 


Wet 


7 days and 2 ‘days, 100 per 


Fog-Cured Mass-Cure 


6 in. 
gravel Calif.) 


normal portland 


0.63 


in. 
gravel (Columbia River) 


5.46 
normal portland 
9 (estimated) 
0.69 


1 in. 
Mass, beginning at 40F. 


cent relative humidity, 70 F. 


Age at loading 
Sustained stress 
Storage after loading... 


100 psi compression and tension 
150 psi. compression and tension 


(1) 7 days, (2) 28 days 28 days 

200 psi. compression 
50 psi. tension 

50 per cent relative 80 F. 

humidity, 70 F. 


Source—R. E. Davis, H. E. Davis, and E. H. Brown, ‘“‘Plastic Flow and Volume Changes of Concrete,’’ Proceedings, 
Am. Soc. Testing Mats. Vol. 37, Part II, p. 323, (Fig. 4, Series 20); also, p. 322, (Fig. 3, Series 18) (1937). 


Type of Curing 


Nature of Stress n 


Mass curing for 28 days 
Fog curing for 28 days 


Fog curing for 7 days 


Compression 35 
Tension 8 


Compression 
Tension 


4 

20 
Compression 50 
Tension 15 


rubber jackets, demonstrated that creep 
varies appreciably with the temperature 
of the concrete. In Theuer’s tests two 
concrete mixes of approximately the 
same consistency but of different cement 
content were employed. The follow- 
ing curing procedure was applied to 
each mix: all specimens were fog-cured 
for 28 days at which age they were 
divided into two groups, one of which 


change is greater when the water-cement 
ratio is high than when it is low, (¢) 
the quantity of free and adsorbed water 
present in the concrete at the time of 
application of the load has no ap- 
preciable effect on the law of variation 
of creep with temperature. 


Nature of the Load: 
Several tests by Davis (6) ‘indicate 
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that creep in tension is characterized 
by a relatively high time-rate im- 
mediately after the application of the 
load, that is, the creep-time constant 
(the time required to obtain 50 per cent 
of the ultimate creep) is considerably 
less for tensile than for compressive 
load. The results of three tests com- 
paring creep in tension and in com- 
pression are given in Fig. 13. The 
creep-time constants, in so far as the 
average values based on these tests 
are accurate, for identical concrete 
specimens under tensile and under com- 
pressive load, respectively, are in the 
ratio of one to three. The creep co- 
efficients are of the same order of 
magnitude under both tensile and com- 


pressive load. 
Humidity Prior to Loading: oth 


The influence, upon creep, of the 
relative humidity of the atmosphere to 
which a concrete specimen is exposed 


prior to loading, was disclosed by 
Dutron (8, 9). In what follows, the 
term curing period will be understood to 
imply the time from the casting of the 
specimen to the application of the load. 
Conditions existing prior to and during 
the loaded period will be referred to, 
respectively, as curing and storage con- 
ditions. Dutron tested two’ groups of 
concrete prisms, 10 by 10 cm. in cross- 
section, which had been cured at 70 F. 
for 60 days as follows: one group in 
water, the other group in air of 50 
per cent relative humidity. Some mem- 
bers of each group were loaded in water 
(70 F.), others in air (70 F.) of 50 per 
cent relative humidity. The relative 
magnitudes of ultimate creep for dif- 
ferent combinations of curing and 
storage conditions were as follows: 
water-cured, water-stored, 100 per cent; 
air-cured, water-stored, 170 to 220 per 
cent; water-cured, air-stored, 400 to 
450 per cent; air-cured, air-stored, 310 


to 340 per cent. It will be noted that 
air-cured specimens showed either more 
or less creep than water-cured specimens 
stored under the same conditions, de- 
pending on whether storage was in 
water or in air. In order to understand 
this apparently peculiar behavior, it 
is necessary to recognize the existence 
of two separate phenomena which occur 
during the curing period: (a) hydration 
of the cement, (b) shrinkage or swelling 
of the concrete. The effect, upon creep, 
of humidity conditions prior to loading 
is the sum of the effects of these two 
phenomena. 

(a) It has been shown that the 
tendency of concrete to creep decreases 
as more cement hydration is obtained. 
Thus, if two identical specimens are 
cured under the same conditions and 
one is loaded at an earlier age than the 
other, the former will tend toward 
greater ultimate creep strain than the 
latter. Similarly, if two identical speci- 
mens are cured for the same length of 
time, one in dry air and one in water, 
the former should have a _ greater 
tendency to creep than the latter since 
during the same time-interval less ce- 
ment hydration occurs in air-stored than 
in water-stored concrete. 

(6) Air-cured concrete shrinks and 
water-cured concrete swells during the 
curing period. Under compressive load, 
pre-swelled specimens are capable of 
more creep than pre-shrunk specimens. 
The difference in the creep of pre- 
swelled and pre-shrunk specimens is 
more pronounced the greater the ability 
of the pre-swelled concrete to expel 
moisture into the atmosphere. Con- 
ditions which facilitate the expulsion 
of moisture are: small cross-section of 
the specimen, storage in dry air, high 
ambient temperature during the loaded 
period. 

Thus the effect of hydration and the 
effect of pre-shrinkage or pre-swelling 
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are opposing factors; the former tends 
to produce less creep in water-cured 
than in air-cured concrete, whereas the 
latter tends to produce more creep in 
water-cured than in air-cured concrete. 
In the tests made by Dutron, the net 
result of the two opposing factors was: 
for concrete loaded in water, air-cured 
specimens exhibited from 70 to 120 
per cent more creep than water-cured 
specimens; for concrete loaded in air, 
air-cured specimens showed about 25 
per cent less creep than water-cured 
specimens. Dutron’s results are ex- 
plained by the following. Storage in 
water minimizes the effect of pre-swell- 
ing on creep thus permitting the effect 
of hydration to obscure the former effeci. 
On the contrary, for concrete loaded in 
air the effect of pre-swelling is sufficient 
to offset the effect of hydration. It 
should be borne in mind that Dutron’s 
specimens were of small cross-section. 
As the transverse dimensions of a speci- 
men increase, the expulsion of water 
becomes more difficult and the effect of 
pre-swelling is lessened. In a_ suf- 
ficiently large specimen the effect of 
hydration always governs irrespective 
of storage conditions, = 


Degree of Compaction: nese 


From the viewpoint of the gel theory 
it is conceivable that creep should be 
influenced by the degree of compaction 
of the concrete mass. A high degree 
of compaction should result in less 
seepage with a consequent reduction in 
creep. The effect of vibration-com- 
pacting on the creep properties of con- 
crete has been investigated by Davis (7) 
and by Thomas (20). Unfortunately, 
no complete test data are available. 
Davis found that the creep of vibrated 
concrete is less than that of concrete 
not so treated. Thomas’ results reveal 
that no real difference exists between the 
creep coefficients of hand-compacted 
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and vibration-compacted concretes of 
identical water-cement ratios. Thus the 
relative significance of this factor is 
obviously dependent upon future experi- 
mental findings. 


4 Cen 
Temperature Prior to Loading: 


Extensive test results are “necessary 
in order to establish the effect, on creep 
constants, of the temperature of the 
concrete prior to loading. Laboratory 
tests dealing with the effect of this factor 
are now in progress in the laboratories 
of the Bureau. The author is of the 
opinion that high temperature of the 
concrete during the curing period, unac- 
companied by moisture loss from the 
concrete, should accelerate cement gel 
formation. Under such humidity con- 
ditions, rise in curing temperature should 
tend to increase the magnitude of creep. 


SUMMARY 


The theory as presented in this paper 
provides a provisional picture of concrete 
creep until such time as confirmed by 
comprehensive experimental observa- 
tions. The existing laboratory data 
are as yet too incomplete to allow a more 
precise indication of the actual relations 
existing between the creep constants 
and the various physical factors. How- 
ever, it is quite likely that new experi- 
ments along the lines indicated in this 
paper will lead to confirmation of these 
relations. 

1. Creep strain is proportional to 
stress, accurately for stresses from 0 to 
650 psi. and approximately for stresses 
from 650 to 1500 psi., and is defined by 


= f(d)-o 


2. For constant sustained stress the 
creep-time relation is expressed by 
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3. For uniformly increasing sustained 
stress, at any time before the stress 
becomes constant 


n 


and at any time after the stress has be- 
come constant 


(: 


The magnitude of creep is governed 
by the following physical factors in so 
far as they affect the creep coefficient 
m and the creep-time constant n. 

4. Humidity of the atmosphere during 
the loaded period affects creep only 
inasmuch as it influences the expulsion 
of moisture from the concrete. High 
percentage relative humidity during the 
loaded period results in a low creep 
coefficient. Moisture equilibrium for 
unloaded specimens is obtained at a 
relative humidity of about 94 per cent. 

5. Decrease in the creep coefficient 
is effected by increase in age at loading. 
For water-cured, fog-cured, or mass- 
cured concrete the variation of the creep 
coefficient with age at loading is small 
for ages greater than 90 days. 

6. Increasing the diameter of the 
specimen results in a decrease in the 
creep coefficient with a corresponding 
rise in the creep-time constant. 

7. Creep is governed mainly by the 
water-cement ratio of the concrete and 
by the fineness modulus of the aggre- 
gate. Within a limited range of mixes 
the creep coefficient rapidly increases 
with increasing water-cement ratio and 
is practically independent of the cement 
content of the mix. The creep coef- 
ficient increases with increasing fineness 
modulus of the aggregate. 

8. In the transition from laboratory 
concrete to mass concrete the effect of 
the increasing dimensions is obscured 
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by the effect of the increasing fineness 
modulus. 

9. The magnitudes of the creep con- 
stants depend upon the mineral com- 
position, particle shape, and surface 
texture of the aggregate. 

10. In either compression or tension, 
the creep coefficient of concrete made 
with low-heat cement is about one-third 
greater than that of normal cement 
concrete. The magnitude of the creep- 
time constant does not appear to be 
materially affected by the type of 
cement. 

11. The higher the temperature of 
the cement gel, the higher the creep 
coefficient. For mixes of the same 
consistency, the variation of the creep 
coefficient for a given temperature 
change is greater when the water-cement 
ratio is high than when it is low. The 
quantity of free and adsorbed water 
present in the concrete at the time of 
application of the load has no appreciable 
effect on the law of variation of creep 
with temperature. 

12. The creep-time constant of con- 
crete under tensile load is roughly one- 
third of that of an identical concrete 
under compressive load. The creep 
coefficient generally is of the same order 
of magnitude under both compressive 
and tensile load. 

13. The importance of humidity con- 
ditions prior to loading is dependent 
upon the net effect of two opposing 
phenomena: cement hydration and 


shrinkage or swelling of the concrete. 
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he AUTOGENOUS VOLUME CHANGES OF CONCRETE 


ces By Harmer E. Davis! 


Autogenous volume changes of concrete are debian as those which are due 
primarily to volume changes of the cement paste as the result of hydration 
505, of the cement and are differentiated from the effects of moisture movements 
to or from the atmosphere, of temperature variations, and of load. In connec- 
v of tion with strain measurements in mass-concrete structures extending over 
arch periods of several years, volume changes of this character become large 
t of enough to require consideration in the interpretation of results. Tests 
don extending over a period of 5 yr. indicate that under certain conditions the 
autogenous shrinkage may be of the order of 100 millionths. Data on 
rete autogenous volume changes are also of importance in connection with the | 
sae general problem of the hydration process in cement. Data reported include re- Di 
in sults of tests on concretesr made with normal, low-heat and and portland- 
». 8 Autogenous volume changes of con- In measurements of strains in massive 
crete are defined as those which result concrete structures, such as dams, and 
last- from alterations in physical and chemi- in tests of mass concrete involving the 
vine: cal structure within the mass itself, due use of sealed specimens, autogenous 
Con- to causes other than: (1) movement of movements may require consideration 
Uni- moisture to or from the surrounding in the interpretation of results, espe- 
tion, atmosphere, (2) rise or fall in tempera- cially if measurements are continued 
7~ ture, and (3) stresses caused by external over a number of years. Further, in- 
ete,” load or restraint. If the effect of ex- formation on autogenous volume changes 
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pansion or contraction due directly to 
variations in temperature is eliminated, 
autogenous volume changes are those 
which would be determined from an 
unrestrained mass of concrete sealed 
against gain or loss of moisture. They 
have sometimes been referred to as 
“chemical” volume changes. The pri- 
mary causes of autogenous volume 
changes are considered to be the volu- 
metric changes in the crystalline con- 
stituents of cement during the process of 
hydration and in the gelatinous and 
crystalline products of hydration. 


1 Associate Professor of Civil Engineering, University 
of California, Berkeley, Calif. 


have bearing upon the problem of the 
nature of the hydration process in ce- 
ment and hence upon the problem of 
durability of concrete. 

Practically all measurement of thermal 
and hygral volume changes include the 
effects of autogenous volume changes. 
However, it would ordinarily be neither 
practical nor desirable to attempt to 
differentiate between the autogenous 
movements, which are believed usually 
to be of relatively small magnitude, and 
the direct effects of drying and tempera- 
ture change. 

The expansions of ‘‘unsound” cements, 
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due to hydration of excessive free lime 
or of magnesia are autogenous in char- 
acter. Also, the hydration of minerals 
of certain types of aggregate may 
produce expansions of an autogenous 
nature. However, behavior of this sort 
is not within the scope of this paper. 
The concept of autogenous volume 
change is not new. Lynam? makes 
reference to it, although he points out 
that at that time (1934) there appeared 
to be no records of long-time experi- 
ments relating to autogenous shrinkage 
alone. Based on the collodial theory of 
hardening, Kihl* and Lea and Desch* 
discuss internal changes that take place 
as hydration proceeds. The shrinkage 
of cement paste during setting has been 
a matter of record for many years; 
White® refers to experiments by Le 
Chatelier as early as 1900. Pertinent 
dilatometer experiments made more re- 
cently on the volume changes occurring 
during setting and shortly thereafter 


have been reported by Neville and 
Jones,® by Powers,’ and by Hemeon.*® 


Volume changes up to the age of 90 
days, determined by the U. S. Bureau of 
Reclamation at Denver from tests on 
sealed, adiabatically-cured concrete spec- 
imens containing portland and portland- 
pumicite cements, after thermal volume 
changes were deducted, are reported 
by Savage.° 
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MECHANISM OF AUTOGENOUS VOLUME 
CHANGE 


While the details are incomplete, and 
admittedly inaccuracies may exist, such 
evidence as is available favors the follow- 
ing general view of the mechanism of 
autogenous volume change in relation 
to the hydration process: 

Owing to the formation of products 
which have lesser volume than the sum 
of the volumes of the original com- 
ponents taken separately, the system 
cement plus water contracts as hydra- 
tion proceeds. Although the volume of 
the total system, cement plus water, may 
decrease, the absolute volume of solids 
increases, since the newly formed solids 
are the result of chemical combination 
of the original solids and _ water. 

A mixture of cement and water placed 
in a flask, with sufficient clear water 
added to extend into the neck of the 
flask to act as a volume indicator, shows 
continuous decrease in total volume if 
temperature changes are eliminated, and 
the shrinkage continues even after the 
paste has hardened. All of the principal 
compounds of portland cement appear 
thus to “absorb” water. Powers’ found 
after 28 days, absorptions in terms of 
percentage by weight of the compound 
approximately as follows: 2CS, 1 per 
cent; 3CS, 5 per cent; 3CA, 17 per cent; 
4CAF, 9 per cent. A volume decrease 
also accompanies the formation of cal- 
cium hydroxide from lime and water. 
These changes in volume are attributable 
in part to the formation of hydrated 
compounds and in part to the strong 
adsorption of moisture films by the gel 
products. 

In a mass of paste or concrete, after 
the paste has hardened, the solids form 
a continuous structure or network, inter- 


9 J. L. Savage, “Special Cements for Mass Concrete,” 
p. 90 (Prepared for the Second Congress of the Inter- 
oe Commission on Large Dams), Denver, Colo. 
(1936). 
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spersed throughout with pores or chan- 
nels which may contain more or less free 
water. It is thus possible for the 
hardened solid mass to expand, even 
though the total volume of cement and 
water is decreasing, due to the use of 
internally-contained free water in the 
formation of new solid hydration prod- 
ucts and in expansion of the gel. Thus, 
in an experiment with cement paste in 
a flask such as referred to above, the 
hardened paste may expand sufficiently 
to break the flask, even though the 
water level is decreasing. 

At later ages, in a mass sealed against 
transfer of moisture to or from the sur- 
roundings, continuation of hydration 
may utilize not only all the free water 
available in the pores but also may re- 
move some of the more loosely held 
water from the gel. Loss of water by 
the gel results in a tendency for the gel 
structure to contract; thus under condi- 
tions such as these, a concrete mass 
would undergo decrease in volume. 

Whether a hardened concrete will ex- 
pand or contract would appear, then, 
to depend upon the relative importance 
of two competing factors: (1) produc- 
tion of new gel and consequent expan- 
sion thereof by absorption of free pore 
water, and (2) shrinkage of gel caused 
by extraction of water therefrom for 
reaction with previously unhydrated 
cement. Results of tests, shown later, 
indicate that the latter is the dominant 
factor at the later ages. In so far as 
the paste is concerned, the following 
would appear to be the major variables 
which influence the behavior of a par- 
ticular concrete: (1) composition of the 
cement (affecting the nature and rate of 
chemical reactions and type of reaction 
products), (2) amount of original mixing 
water (affecting the rate of early reac- 
tions, the porosity of the paste, and the 
later availability of free pore water), (3) 
curing conditions (affecting the rate of 
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reaction), and (4) time (affecting the 
extent of reaction). 


VOLUME CHANGES DURING THE SETTING 
PERIOD 


It is a well-known fact that, up to the 
time of set, fresh concrete settles in the 
forms with an appreciable decrease in 
volume. This volume decrease is herein 
called subsidence to distinguish it from 
drying shrinkage. The most important 
factor in subsidence is ordinarily the 
bleeding of free water to the top of the 
mass with attendant settlement of the 
solids. The major.portion of the bleed- 
ing action usually occurs within an hour 
or so after the concrete has been placed.” 
Under job conditions, much of the bled 
water may be lost by drainage from the 
forms or by evaporation. While total 
subsidence during setting may in extreme 
cases amount to 1 per cent or more of 
the volume, the volume change due to 
hydration and adsorption effects appears 
to be of the order of 0.1 per cent with 
ordinary cements. 

While the true autogenous shrinkage, 
usually small compared with subsidence 
due to bleeding, can be considered to be 
without practical significance during the 
early ages, it probably contributes to 
the occurrence of certain types of small 
checks and cracks that are seen on 
formed surfaces after form removal. 
For example, with some rapid-hardening 
cements, small vertical cracks are some- 
times observed to occur along vertical 
stirrups in beams, where the stirrups 
are close to the forms, even though the 
forms are tight and nonabsorbent. Al- 
though it is a matter of conjecture it 
seems likely also that during the period 
after set has taken place, but while the 
paste is still relatively soft and weak, 
similar action would tend to cause the 


10T. C. Powers, ‘The Bleeding of Portland Cement 
Paste, Mortar and Concrete,’”’ Bulletin No. 2, Research 
Laboratory of Portland Cement Assn. (1939). 
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formation of small internal cracks in the 
paste between aggregate particles in con- 
cretes of very dry consistency. 


SECONDARY EFFECTS OF THERMAL 
CHANGES 
Certain hysteresis-like secondary 
effects of volume changes due to tem- 
perature may be considered to be autog- 
enous in character. Movements of this 
type are important in relation to meas- 
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Fic. 1.—Change in Length versus Tempera- 
ture, Mass Curing. 


Notes: 

Specimens, 12-in. concrete cubes sealed in thin copper 
containers immediately after casting. Mass curing from 
initia) temperature of 57 F. to age 3 months. Strains 
measured by Carlson strain meters embedded parallel 
to original free surface at midheight. Portland-pozzuolana 
cement, 25 per cent calcined, ground volcanic sand, 75 per 
cent portland cement of computed composition as follows: 
3CS, 52 per cent; 3CA, 5 per cent. Specific surface, 2000 
sq.cm. per g. (Klein basis). Aggregate, 0 to 3-in. gravel, 
fineness modulus 6.31. Cement content 1.0 bbl. per cu. yd. 
Slump 3 in., water-cement ratio 0.63 by weight. Values 
are averages for 2 specimens. 


urements of autogeneous volume changes 
of the chemical type because in all 
known attempts to measure volume 
changes of sealed cement or concrete 
specimens some thermal changes have 
been involved and corrections presum- 
ably have been made for them. 

An example of volume change which 
involves the secondary results of thermal 
movements is shown in Fig. 1. In this 
case, sealed specimens were carried 
through. a temperature cycle corre- 


sponding to that existing within the 
mass of a largedam. During the period 
of falling temperature, there was a 
residual expansion or growth of the con- 
crete with respect to lengths observed 
during the period of rising temperature. 
The maximum difference in length at any 
one temperature was about 10 mil- 
lionths. While differential movements 
of the cement paste and the aggregate, 
caused by unequal expansions of these 
two constituents of the concrete, prob- 
ably played a part in the hysteresis-like 
nature of the strain cycle, it is not un- 
likely that the results were appreciably 
affected by volume changes of chemical 
origin since the tests were made during 
the period when hydration of the cement 
was proceeding rapidly. 


’ AUTOGENOUS VOLUME CHANGE OF 
HARDENED CONCRETE 


In the determination of volume 
changes of hardened concrete, it would 
be desirable (theoretically at least) to 
trace the course of volume change from 
the time of casting, or at least from 
time of set. Actually, however, speci- 
mens and most methods of measurement 
suitable for use during the setting period 
are generally not satisfactory for deter- 
mining length changes of hardened con- 
crete over long periods. Further, the 
time of set of a concrete mass does not 
appear to be a definite or significant 
point as far as volume changes are con- 
cerned; also, for some time after what is 
considered as set has occurred, concrete 
remains too soft to permit the use of the 
usual type of strain gage or strain meter. 
Hence, practically, base measurements 
are arbitrarily made at ages of one, two, 
or even three days. In so far as autog- 
enous volume changes over long periods 
are concerned, some variation in the 
base age does not appear to be of much 
importance. 
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TABLE I.—LENGTH CHANGES OF SEALED CONCRETE SPECIMENS. 


Cement 


Type 


Cement 
Content, 
bbl. per 

cu. yd. 


Water- 
Cement 
Ratio, by 
weight 


Change in Length, millionths? 


From 
3 days to 
5% months 


From 
3 days to 
19 months 


From 
3 days to 
32 months 


From 
3 days to 
58 months 


4by 40-in. Bars 0 to 3-in. Aggregate 


Oo 


Modified portland 


3C % 


Peo 


Oe | | 


Pro 


| | Bom | | 


Low-heat portland 
3CS “10% 
3CA—6% 


Portland-pozzuolana (25% 
shale) portland cement 
composition 

3CS -52% 

3CA—6% 


Avg. 


6 by 12-in. Cylinders 0 to 1%-in. Aggregate 


0.85 +5 
0.69 —5 
0 


Modified portland 1800 


Low-heat portland 1800 0.66 5 


0.94 
0.74 —10 


Portland-pozzuolana 2000 


* Klein basis. 
” +- indicates expansion. 


Notes: 

4 by 4 by 40-in. Bars.—Concrete sealed in thin copper containers immediately after casti Sponge rubber at ends 
and asphalt coating inside containers to prevent restraint. Steel plugs in ends of bars extended through ends of containers, 
with mastic seal. Mass curing from initial temperature of 40 F. to age 514 months, when several rapid temperature 
cycles, 80 to 40 F., imposed; storage at room temperature thereafter. Cement composition and fineness, as indicated. 
Aggregate, 0 to 3-in. gravel, fineness modulus 6.10. Cement contents, as indicated. Slump 2 in., water-cement ratio as 
indicated. Values are average for 3 specimens. 

6 by 12-in. Cylinders.—Concrete sealed in thin tinned-cans immediately after casting. Longitudinal crimps in cans 
loosened after concrete hardened to prevent restraint of containers. Measurements b fulcrum-plate strain gage on 
three 10-in. gage lines 120 deg. apart around a cylinder. Gage plugs in concrete extended through holes in cans, with 
mastic seal. Mass curing from initial temperature of 40 F. to age 6 months; storage at room temperature thereafter. 
Cement composition and fineness, as indicated in table for bars. Aggregate, 0 to 144-in. gravel, fineness modulus 5.46. 
Cement contents, as indicated. Slump % in., water-cement ratio, as indicated. Values are average for 3 specimens. 
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_ Although data are lacking to prove 
the point, it seems likely that in a con- 
crete mass of ordinary composition, the 
autogenous movement during the first 
few days would always be of the nature 
of a slight expansion, since free water 
would be available in the pores. If a 
concrete was of such composition that 
considerable bleeding would occur, sealed 
concrete specimens from which the bled 


through temperature cycles similar to 
those that would occur within the mass 
of a large dam made of concrete con- 
taining the particular cements. At the 
age of 5} months, the specimens were 
subjected to several relatively rapid 
changes in temperature for the purpose 
of determining the coefficient of thermal 
expansion. Subsequently they were 
stored at room temperature. The direct 


20 


! 
nN 


! 
@ 
oO 


Cc 
2 
E 
£ 
~ 
mo 
£ 
c 
<= 


of. 


2 


Age, yr. 
_ Fic. 2.—Average Length Changes of 4 by 4 by 40-in. Sealed Concrete Bars. 


N 


water had not been removed would be 
expected to expand for a longer period 
than similar concrete in a large mass. 
The results of observations on sealed 
concrete bars containing three types of 
cement, started at the age of 3 days and 
extended over nearly 5 yr., are shown in 
Table I and Fig. 2. The table shows 
values for each of two cement contents 
and two finenesses of each cement. In 
the diagram, average values are shown 
for each type of cement. The move- 
ments were measured in a direction 
parallel to the upper surface of the 
concrete, as cast. During the first few 
months the concretes were carried 


OTES: 
For test details, see notes to Table I—Bars. Values in diagrams are averages for all conditions for each cement. 


effect of temperature has been taken 
into account in all results shown. 

It will be noted that the bars con- 
taining the modified portland cement 
showed some expansion during the first 
few months and those containing the 
portland-pozzuolana cement showed 
considerable contraction from the be- 
ginning. The results are very similar 
to those shown by Savage’ up to the age 
of 90 days for concretes containing 
portland and portland-pumicite cements. 
After about 5 months the modified port- 
land cement concrete began to contract, 
and after a little more than 2 yr. it 
showed a net contraction. At the end 


2 


Change in Length, millionths 


Fic 


Notes 
Cu 
inders 

Cu 
as fol! 
month 
fulerur 
site fas 


tion 
the 
Re 
mad 
1}-ir 
the 
peric 
and 
meas 
uppe 


of 5 
tion 
wr low- 
pozz 
and 
low- 
inte: 
fied 
lana 
A 
= ' ther 
- » oa. 
= 


id _ Davis ON AUTOGENOUS VOLUME CHANGES OF CONCRETE 


of 58 months, the average net contrac- 
tions for the modified portland, the 
low-heat portland, and the portland- 

zzuolana cements were about 40, 60, 
and 110 millionths, respectively. The 
low-heat cement showed movements 
intermediate between those of the modi- 
fied portland and the portland-pozzuo- 
lana cements at all ages. 

As shown by the data in Table I, 
there was a tendency for greater contrac- 
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ee, | 
Cut Modifie ed Portland 
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Low Heat Portland 
| Cement 


| | 
6 by/2-in. Cylinders 
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Fic. 3.—Average Length Changes of Sealed 
Concrete Specimens. 
Notes: 


. _ urves A.—For test details, see notes to Table I—Cyl- 
inders. 

Curve B.—For test details, see notes to Fig. 1, except 
as follows: Storage at room temperature after age 3 
months. After age 3 months strains measured by 10-in. 
fulcrum-plate strain gage on horizontal lines on two oppo- 
site faces of cube at midheight. 


tion with the higher cement content and 
the finer cements. 

Results of measurements on cylinders 
made of concretes similar to those dis- 
cussed above, but having aggregate of 
1}-in. maximum size and containing only 
the coarser cements, are shown for the 
period 3 days to 32 months in Table I 
and Fig. 3, curves A. The movements 
measured were perpendicular to the 
upper surface of the concrete as cast. 
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During the early ages, the temperature 
conditions were similar to those that 
obtained for the tests on the bars, but 
the cylinders were not subjected to any 
large and rapid temperature changes for 
the determination of the coefficient of 
thermal expansion. 

Up to the age of 32 months, when the 
tests were discontinued, the specimens 
containing the modified and low-heat 
portland cements showed little move- 
ment, although the specimens containing 
the portland-pozzuolana cement showed 
contractions comparable with those ex- 
hibited by the bars. The true cause for 
the difference in behavior of the bars and 
the cylinders is unknown, but it is not 
unlikely that the following conditions 
had some bearing thereon: (1) direction 
of measurement with respect to the free 
surface of the concrete as cast, and (2) 
for the same cement content the con- 
crete with the smaller maximum size of 
aggregate was of higher water-cement 
ratio and hence would have contained 
more free water. 

In Fig. 3, curve B, are shown the 
results of measurements on two sealed 
12-in. cubes of concrete containing a 
portland-pozzuolana cement. The con- 
crete was subjected to mass curing up 
to age 3 months. In these tests a con- 
tinued expansion was observed, in con- 
trast to the contraction observed for the 
portland-pozzuolana cement discussed 
above. The pozzuolana used in the 
tests on these cubes was a volcanic 
sand, calcined and ground before being 
blended with the cement. The blended 
cement made from it produced mixes 
which were very similar to mixes made 
with straight portland cement in texture, 
water requirement, and bleeding tend- 
ency. The pozzuolana used in the tests, 
the results of which are shown in Fig. 2 
and in curves A of Fig. 3, was a shale; 
mixes containing it were very sticky and 
had practically no bleeding tendency. 


to 
ass 
on- 
the 
ere 
pid 
OSE 
mal 
ere 
rect 
= 
ial 
a 
-40 
-60 
| 
0 | 2 3 4 6 
aken 
con- 
ment 
first 
the 
owed 
» be- 
milar 
e age 
ining * 
ents. 
port- 
tract, 
yr. it 
end 


DAVIS ON AUTOGENOUS VOLUME CHANGES OF CONCRETE 


18 by 36-in.Cylinders 


oo 


Cylinders 


— 


oo 


2! 


millionths 


Change in Length, 


9 12 15 
Age, months 


Fic. 4.—Length Changes of Sealed Concrete 
Specimens. 
NOTES: 

Curve A.—Specimens, 18 by 36-in. concrete cylinders, 
moist cured to age 3 months, then sealed in sheet metal 
containers and stored at 70 F. Measurements by fulcrum- 
plate strain gage on three 20-in. gage lines 120 deg. apart 
around a cylinder. Gage plugs in concrete extended 
through holes in cans; with mastic seal. Cement, normal 
commercial portland. Aggregate, 0 to 6-in. gravel. 
Cement content 1.1 bbl. per cu. yd. Slump 1 in., water- 
cement ratio 0.45 by weight. Values are averages for 2 
specimens. 

Curve B.—Test details similar to those described in 
notes to Table I, except as follows: Mass curing from 
initial temperature of 53 F. to y 3 months; storage at 
room temperature thereafter. Age at base reading for 
data shown, 3 months. Cement, modified portland—3CS, 
57 per cent; 3CA, 5 per cent. Specific surface, 2100 sq.cm. 
per g. (Klein basis). Aggregate, 0 to 1)4-in. gravel, fine- 
ness modulus 5.23. Cement content, 1.1 bbl. per cu. yd. 
Slump 1 in., water-cement ratio 0.65 by weight. Values are 
averages for 4 specimens. 


6 


The results of some miscellaneous tests 
on sealed specimens are shown in Fig. 4, 
Curve A shows the movement of two 
18 by 38-in. cylinders which were sealed 
in sheet-metal containers after having 
been stored for 3 months under moist 
conditions. The cement was a standard 
portland. The concrete expanded for 
several months, probably utilizing what 
free water was available in the pores, and 
then began to contract. 

Curve B shows the contraction from 
age 3 to 21 months of a group of four 
6 by 12-in. cylinders which had previously 
been used for some thermal expansion 
experiments. These specimens were 
sealed immediately after being cast, but 
measurements for the purpose of deter- 
mining autogenous movements were not 
begun until age 3 months. The cement 
was a modified portland cement of 
moderately high fineness. 
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Mr. H.S. Metssner.'—I should like 
to elaborate a trifle on the statement 
that reduction in the volume of water 
within cement paste occurs as hydration 
proceeds. In mass curing tests, con- 
ducted by the Bureau of Reclamation on 
large adiabatically-cured concrete speci- 
mens hermetically sealed in metal con- 
tainers, we have observed certain corrob- 
orating evidence. These containers had 
mercury-filled manometer tubes at- 
tached to them to register the pressures 
noted in the concrete or within the con- 
tainers as the concrete was taken through 
a rising and, later, falling temperature 
cycle. The manometer level was ad- 
justed to record zero pressure within the 
container of fresh concrete at the be- 
ginning of the test. The pressure was 
observed to increase as the concrete set 
and produced heat and as it (as well as 
air within the sealed container) expanded 
with rising temperature. When the 
concrete was cooled to its initial tem- 
perature, the pressure was observed to 
fall and to indicate a vacuum. This, to 
my notion, is proof that a reduction in 
absolute volume of total matter within 
the container occurred; either the over 
all dimensions of the concrete were re- 
duced, or the air which occupied the 
surplus space within the container has 
in some measure gone into the concrete 
to occupy newly created voids, thus 
producing a vacuum in the sealed 
specimen. 

Mr. M. A. Swayze? (by letter). — 
The paper by Mr. Davis is an important 
_ 1 Engineer, Bureau of Reclamation, U. S. Department 
of the Interior, Denver, Colo. 


Director of Research, Lone Star Cement Corp., 
Hudson, N. Y. 


contribution since the subject of autog- 
enous volume changes in concrete is one 
which has received far too little atten- 
tion in the past in the general study of 
concrete properties. In the case of 
large dams, for example, the large autog- 
enous shrinkage shown by Mr. Davis 
in Fig. 2 for portland-pozzuolana cement 
will produce just as wide a crack in 
concrete as would a simultaneous de- 
crease in concrete temperature of about 
15 F. Further, the cracking tendency 
due to autogenous shrinkage will be the 
greater, since the majority of the shrink- 
age reported seems to occur after the 
concrete has developed a high modulus 
of elasticity, as compared to normal 
thermal shrinkage which takes place at 
early ages when the modulus is low and 
the induced stresses can more easily be 
accommodated by plastic flow. 
Regarding early autogenous volume 
changes during the setting and early 
hardening periods, we have all noted the 
rapid absorption of water at the surface 
of concrete specimens after the period 
of sedimentation or “bleeding” has 
passed. This is a good illustration of 
the fact that the autogenous volume 
change at this time is shrinkage, rather 
than expansion. Since the mechanics 
of hydration and the character of hydra- 
tion products are the same as at the late 
ages, it is, therefore, more logical to con- 
clude that autogenous movement at any 
age is in the direction of shrinkage. 
During the water-curing period of nor- 
mal unsealed specimens the volume of 
the concrete may actually increase, since 
we are adding water, and, therefore, 
volume to the system. However, con- 
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sidering only the closed system, we have 
autogenous shrinkage rather than expan- 
sion at any age. Expansion noted dur- 
ing the first few weeks or months must 
be attributed to a secondary influence 
such as expansion in place of grains 
of free lime, rather than to swelling of 
the silicate gel, and, therefore, outside 
the stated scope of Mr. Davis’ paper. 
Since the rate of cement hydration and 
strength development is greatest in the 
early period, it would, therefore, seem 
that the time at which initial measure- 
ments are taken is of considerable im- 
portance. Our research laboratory has 
given this matter a good deal of atten- 
tion, both mental and material. Theo- 
retically, the time should be that at 
which the mass has lost its plasticity, 
so that horizontal movement may no 
longer be translated into vertical sub- 
sidence. Practically, so many factors 
must be considered—type of cement, 
cement content, particle interference of 
aggregates—that establishment of an 
exact time for the initial measurement 


is difficult if not impossible. 


In general, however, much earlier ages 
are indicated by our studies than are 
generally used. These range from about 
6 hr. for cements which hydrate rapidly 
to 15 hr. or even longer for very slow- 
hardening cements. Autogenous shrink- 
age occurring between these ages and 
the usual time of initial measurement at 
one, two, or three days may be relatively 
large, and may, therefore, introduce a 
serious error in data from which we 
attempt to deduce the proper type of 
cement for a special use. 

In conclusion, I wish to emphasize 
the need of knowledge on volume change 
in concrete at the early ages. Mr. 
Davis has made an excellent contribu- 
tion to our understanding of the late 
changes; the early ones which precede 
the usual initial readings must also be 
understood if we are to design concrete 
structures with certainty. The labora- 
tory which I represent hopes to present 
a report on this phase of volume change 
eventually, but a wider consideration is 
necessary than that which can be given 
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MEASURING CHANGES IN PHYSICAL PROPERTIES OF CONCRETE 
BY THE DYNAMIC METHOD > 


In investigating the durability of concrete by freezing-and-thawing tests, 
it has been found that the deterioration of the specimen is accompanied by 
certain changes in the physical properties of the material. 
of the material most readily affected by deterioration are the modulus of 
elasticity and the decrement of vibration, both of which can be measured by 
the dynamic method. This paper presents tests performed on concrete com- 
posed of various aggregates with different water-cement ratios. 
also, are certain peculiarities of results obtained by the dynamic method. 


Two important dynamical properties 
of any elastic system are the natural 
frequency of vibration and the damping 
capacity. In the case of a_ vibrating 
beam of given dimensions, the former is 
related mainly to the ratio of the modu- 
lus of elasticity and the mass density, 
while the latter is related to the energy 
dissipated by internal and external fric- 
tion. 

During the past few years, the modu- 
lus of elasticity of materials such as con- 
crete has been determined by dynamic 
methods (1, 3, 10, 17). Essentially, this 
method requires the measurement of the 
natural frequency of vibration of pris- 
matic bars, from which the modulus of 
elasticity can be calculated by the vari- 
ous known relations, depending on the 
nature of the vibrating system employed. 
Both longitudinal and flexural vibra- 
tions have been used, the specimen being 


1 Assistant Professor, Department of Applied Mechan- 
ics, Kansas State College, Manhattan, Kans. 

2 The boldface num rs, in parentheses refer to the 
reports and popes appearing in the list of references 
appended to this paper, see p. 1120. 


SYNOPSIS 


The properties 


Included, 


vibrated by electromagnetic, electro- 
static or by mechanical means. 

From the fundamental point of view, — 
the damping capacity of materials such 
as concrete is of as much importance 
as the modulus of elasticity, and de-- 
serves to be investigated. Excluding 
external friction, the damping capacity - 
is the amount of work dissipated into — 
heat by internal friction in a unit volume © 
of the material during a cycle of vibra- _ 
tion (12, 13, 14). For comparative pur- 
poses, the specific damping capacity 
which is the ratio of the damping ca- 
pacity to the potential energy or re- 
silience at the same values of the stress 
is a more convenient term to use. Since © 
the deterioration of material such as 
concrete is accompanied by an increase | 
of internal friction, it seems quite logical 
to expect changes in the damping ca- 
pacity with deterioration. 

Probably the most convenient method 
of determining the specific damping 
capacity is by measuring the logarith- 
mic decrement of vibration. The lo- © 
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garithmic decrement is defined as the 
- natural logarithm of the ratio of any 
- two successive amplitudes of a vibra- 
tion whose amplitude decreases ex- 
_ ponentially, and can be shown to be 
equal to one half the specific damping 


wy 
capacity (12, 13, 14). It can also be 
represented as the resistance divided by 
the elastic reactance of the system. 

One simple method of measuring the 
decrement is by observing the sharpness 
of the resonance curve, a method which 
was used in this investigation. The 
logarithmic decrement is quite gener- 


ally represented by the following ap- 


proximate relation: 


Fic. 1.—Dynamic Testing Apparatus. 


tery 
where: 
logarithmic decrement, 
resonant frequency of vibra- 
tion, and 
= frequencies on either side of 
resonance at which the am- 
plitude of vibration is 1/ /2 
times the maximum. 
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Although the decrement varies widely 
for different materials, the change in 
decrement or the relative decrement for 
any given material should be a measure 
of its deterioration. 


APPARATUS 


The dynamic testing apparatus used 
for the investigation consists of a beat- 
frequency oscillator with a frequency 
range of 0 to 3000 cycles which is ampli- 
fied and fed into a magnetic driver, a 
magnetic pickup connected to an audio 
frequency amplifier and an output meter 
which registers the amplitude of vibra- 
tion. Concrete beams of size approx- 
imately 2 by 2 by 113 in. were supported 
at its nodal position 0.224 Z from its 
ends, and driven at the center where a 
thin sheet of galvanized iron ? in. 
square cemented on the face acts as an 
armature. Since the ratio of the ampli- 
tude at the ends to that at the center is 
approximately 1.6 (2), the pickup is 
placed in contact with the end of the 
beam. The entire apparatus, including 
one of the specimens in position, is shown 
in Fig. 1. 

Although any standard oscillator and 
amplifier may be used for these tests, 
the following precautions must be ob- 
served: 

1. Since the magnetic force is propor- 
tional to the square of the flux, a direct 
polarizing flux is necessary in the mag- 
netic driver in order to produce a driving 
force of the same frequency as the os- 
cillator. For instance, if gp and ¢ are 
the direct and alternating fluxes, respec- 
tively, the force exerted by the driver is 
+ + and by using a 
strong polarizing flux, ¢* can be made 
negligible compared to 2¢o9. 

2. It is advisable to use a crystal pick- 
up rather than a magnetic pickup, since 
in many cases the latter generates vol- 
tage which is proportional to the velocity 
rather than the amplitude. If a mag- 


netic pickup of the type mentioned is 
used, an integrating circuit may be used 


to convert this voltage in terms of dis- _ 


placement (6). 

3. The frequency output characteris- 
tics of both the oscillator and amplifier 
must be constant in order to give the 


true resonance curve, and the output of => 


the oscillator should be free from har- | 


monics. 


Test PROCEDURE AND EXPERIMENTAL 
RESULTS 


The experimental investigation was 
performed with an exploratory view- 
point and should be interpreted as 


representing possibilities rather than 


final results. 

Each group of beams contained one 
type of aggregate screened to 75 per cent 
continuous’ gradation. (Percentage 
passing each sieve = 75 per cent of pre- 


ceding sieve.) Water-cement ratios of — 


15, $75, and 


per sack, 


were used and the mix was varied to | 
give the same slump. After curing for — 


30 days in the moist room, the beams 


were subjected to freezing-and-thawing _ 


cycles at temperatures of —15 and 80 F. 
The freezing-and-thawing cycle repre- 


sents 2 hr. in the freezer and thawing for © 


30 min. under water at 80 F. 

For lateral vibrations of prismatic 
beams, the following equation or its 
equivalent may be found in various texts 
(15, 16): 


When applied to rectangular beams, the 
equation for the modulus of elasticity 
becomes 


E = modulus of elasticity in pounds fs 


per square inch, 


mk 


t 

713.9 L 

E=—p-—f.......(2 

n- where 
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Fic. 3.—Average Deterigention Curves of Concaate with Kaw River Agg 


regate. 


Curve 1, © — = 5 gal. per sack. Curve2 - <= 75 gal. per sack. 
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L = length of beam in inches, 
d = depth of beam in inches, 


p = density of specimen in pounds 
per cubic foot, 


f = resonant frequency in kilocycles, 


‘m = a number depending on I ( 


4.73 for small ratios of *), and 


X 10° 


13.9 = 322° 
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110 cycles. Both beams were made of 
identical material; however, specimen b 
contained one piece of unsound aggre- 
gate in the middle. 

Figure 3 represents averages of eight 
Kaw River aggregate (mainly feldspar 
and quartz) beams with water-cement 
ratios of 5 and 7.5 gal. per sack. These 
were compared with control beams 
(shown with dotted lines) which were 
continuously kept in the moist room. 
It is quite apparent from these curves 
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The decrement was determined from 
Eq. 1. 

Figure 2 represents typical behavior 
of a good and a poor specimen, as shown 
by curves a and b. In this case the 
relative decrement, defined as the decre- 
ment divided by the original decrement 
at zero freezing-and-thawing cycles, was 
plotted. The poor specimen broke in 
48 cycles, while the good beam showed 


practically no signs of deterioration at _ 


eve 


Fic. 4.—Average Deterioration Curves of Concrete with Elgin 


Curve 1, ° = 5.75 gal. per sack. Curve 2,= = 7.5 gal. per sack. 


that this aggregate produces poor con- 
crete. 


A more satisfactory type of concrete 


is given by the Elgin aggregate (glacial - 


gravel) beams, shown in Fig. 4. The 


decrease in E, and the increase in dec- 
rement is quite small for both water- 


cement ratios. 


All tests performed so far lead to the - 


following conclusions: 


1. The largest change in the modulus — 
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of elasticity and the decrement of vibra- 2. Between good and poor specimens su 
tion takes place during the first few there is no apparent difference in E or 6 wi 
cycles of freezing and thawing, and even at zero cycles of freezing and thawing. 


TABLE I.—AVERAGE PHYSICAL PROPERTIES OF MATERIALS BY THE DYNAMIC METHOD. th 
Water- | tai 
ae Cement te Values at 30 joys and zero bee at 20 | Or 
Material Ratio, =| Aggregate Volume | Remarks de 

gal. 
rod. | | Eo E/Eo | 6/60 In! 
CE i cinctevenee 5.0 Kaw River 1:3.0 | 5 460 000 | 0.0957 0.815 | 1.5 ar 
ene ee 7.5 Kaw River | 1:5.3 | 4950000; 0.114 0.612 | 2.8 
OO See 5.75 | Elgin 1:4.0 | 6 000 000 | 0.0610 0.908 | 1.6 
See 7.5 Elgin 1:5.4 5 270 000 0.0759 0.976 | 1.5 
Se 5.0 Ground | no strength, broke 
| Kaw River | 1:1.56 3640000 0.0756 0.99 1.2 soon after 30 
cycles 
| Kaw River | 1:2.0 | 2 970 000 0.0893 0.98 1.02 
Limestone, 
fossiliferous ........ 4800000} 0.032 
Ohio limestone ....... | 8000000; 0.040 
Limestone............ | 0.021° 
RE RR 29 400 000 | too small 
| to 30 200 000 | to measure 
@ Value given in reference (7). 
1.2 
1.0 
| 
S 
i 
> 
S \ I 
0.4 
|! { 
| \ |! \ 
0.2 q 7 v fr 
4 yu Ni 
t 
lA th 
i 600 800 1000 1200 1400 1600 1800 2000 2200 ne 
mee impressed Frequency, cycles per second di 
te ib Fic. 5.—Effect of Direct Polarizing Flux on Amplitude Response. vith 
7 ( 
good concrete will show some decrease 3. Poor specimens can generally be D 
in the modulus of elasticity during the detected within 20 cycles of freezing and th 
period. waqads F thawing, and the changes in E and 6 for 
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such specimens are large as compared 
with good specimens. 

4. It should be pointed out that 
decrement measurements obtained from 
the resonance curve is subject to a cer- 
tain amount of variation (see Fig. 2). 
One reason for this variation is probably 
due to the fact that a variation in the 
internal friction is produced by any re- 
arrangement of the concrete particles 
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Table I gives the results for various 
materials by the dynamic method of 
testing materials. 

This paper would not be complete 
without indicating some of the pecu- 
liarities observed in the dynamic 
method of testing materials. These 
illustrations should also stress the im- 
portance of the precautions listed under 
the section on apparatus. 
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Fic. 6.—Double Hump Characteristics of Certain Concrete Specimens. 


in the minute cracks developed by the 
freezing and thawing. There are also 
some inaccuracies introduced in reading 
the width of the resonance curve. Since 
the smallest value of (f2 — fi) is in the 
neighborhood of 60 cycles, and one 
division on the Vernier dial of the testing 
apparatus represented 6 cycles, it is 
possible to have a variation of 20 per 
cent in the decrement reading. A one- 
plate condenser connected parallel to 
the main tuning condenser would greatly 
reduce this inaccuracy. 


Figure 5 shows the response curves 
obtained for a limestone beam with and 
without the polarizing flux in the mag- 
netic driver. These are indicated by 
the solid and dotted curves, respectively. — 
Without the d-c. flux, a large response 
in the amplitude of vibration is indicated © 
at half the resonant frequency of the — 
beam, since the driver attracts the 
armature during the negative as well as — 
positive parts of the cycle. Minor — 
peaks of response are present on both 


‘sides of the resonant frequency, and 


6 
= 
T2950) 
\ 
ind 


amplitude peaks at one third and one 
fourth the natural frequency also occur. 
When the d-c. flux is applied, these minor 
peaks are eliminated and the responses 
at 3 fi and 4 fi are considerably reduced. 

Figure 6 represents the type of 
resonance curves obtained in some con- 
crete beams which were subjected to a 
number of freezing-and-thawing cycles. 
Varying the air gap between the driver 
and the armature produced no change 
in the shape of the resonant curves. 
This gives reason to believe that the 
peculiarities in the shape of the resonant 
curves are in the beams themselves 
rather than in the magnetic driver or the 
oscillator. Such double curves were 
found in practically all beams where a 
crack had become noticeable, indicating 
a possible origin for the effect. When 
such beams were encountered it was 
impossible to calculate the decrement or 
the modulus of elasticity. 

One other item which should be men- 
tioned refers to the sonic method of 
determining the natural frequency of 
vibration. Previous investigators have 
used a method of tapping the specimen 
with a hammer and obtaining the 
natural frequency by means of calibrated 
wires. Although this method is satis- 
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Building Materials Under Pressure,” Pro- 
ceedings, Am. Soc. Testing Mats., Vol. 39, 
p. 987 (1939). 

W. T. Thomson, “The Effect of Rotatory 
and Lateral Inertia on the Flexural Vibra- 
tion of Prismatic Bars,”’ Journal, Acous- 
tical Soc. America, Vol. 11, No. 2, October, 

1938, pp. 198-204. 

(3) T. C. Powers, “Measuring Young’s Mo- 
dulus of Elasticity by Means of Sonic 
Vibrations,” Proceedings, Am. Soc. Testing 
Mats., Vol. 38, Part II, p. 460 (1938). 

(4) R. K. Bernhard, “Dynamic Testing by 
Means of Induced Vibration,” Proceedings, 
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factory on relatively new beams, it 
should not be used on old specimens. 
It was found that on striking old beams 
the natural frequency of vibration was 
reduced considerably. Tests performed 
on old beams whose moduli of elasticity 
have values of about 80 per cent of 
their initial values, indicated that the 
natural frequency of vibration may be 
lowered as much as 10 per cent by being 
struck with a series of sharp blows. 
When testing material such as steel 
by the dynamic method, one is often 
confused by the large number of resonant 
points of vibration. These peaks of 
response can easily be accounted for by 
a knowledge of the modes of vibration 
of prismatic bars. The second mode of 
vibration will appear at approximately 


7.85 10.99 
GS) fi, the third, at ( om) hi, ete. 


(2). Possibilities of submultiples of 
these frequencies, as shown in Fig. 5, 
may greatly add to the confusion. 

In conclusion, the author hopes that 
this paper will stimulate further interest 
in the dynamic method of testing ma- 
terials, and that the physical properties 
of concrete which have been mentioned, 
will be more thoroughly investigated in 
connection with its durability. 
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Mr. M. O. WirHey.—As I under- 
stand it, Mr. Thomson determines the 
initial modulus of elasticity in this test? 

Mr. W. T. THomson.2—Due to the 
small amplitude of vibration and the 
small stresses produced by the dynamic 
method, the modulus of elasticity calcu- 
lated from these experiments should 
correspond to the initial modulus of elas- 
ticity. On the other hand; since the 
effect of internal friction is not included 
in these calculations, the modulus of 
elasticity as calculated from Eq. 2 would 
not represent the true modulus of elas- 
ticity where large damping is involved. 

Mr. WitHEey.—What would be the 
cost of this apparatus in its simplest 
form? 

Mr. THomson.—The material cost of 
the apparatus is in the neighborhood of 
eighty dollars. 

Mr. F. E. RicHart.*—Mention was 
made of the impact produced when the 
beam was struck with a hammer to 
induce free vibration. I would suggest 
that this impact could be obviated by 
applying a dead load hung by a string. 
The load could then be released sud- 
denly, by cutting the string, to produce 
free vibration of the test beam. 

Mr. THomson.—Mr. Richart’s sug- 
gestion would do away with impacts and 
eliminate variation in the modulus of 
elasticity due to rearrangement of in- 
ternal particles. However, due to the 
rapid damping of concrete, one may en- 


1 Professor of Mechanics, University of Wisconsin, 
Madison, Wis. 
2 Assistant Professor, Department of Applied Mechan- 
State College, Manhattan, Kans. 
® Research Professor of Engineering Materials, Uni- 
versity of Illinois, Urbana, Ill. 
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counter difficulties in determining the 
natural frequency of concrete beams by 
this method. 

THE CHAIRMAN (Mr. Stanton Walker’). 
—I wish to inquire of Mr. Thomson 
whether he has any information on the 
effect of the moisture content of the 
test specimen on the results of his test. 

Mr. THomson.—Moisture content of 
the test specimens would alter the damp- 
ing factor and apparent density of the 
beam, thereby altering the calculated 
values of the modulus of elasticity. I 
have made no investigations regarding 
moisture content and am unable to make 
any statement as to its effect. 

Mr. WALKER.—Were your specimens 
saturated? 

Mr. THomson.—The test specimens 
used in this experiment were saturated 
and allowed to dry only during the short 
period when readings were being taken. 

Mr. GERALD Picketrt.*—Mr. Thom- 
son has made a significant contribution 
by investigating the damping factor 
as well as the change in frequency with 
deterioration. I hope this work will 
continue until the whole resonance 
curve for forced vibrations is investi- 
gated. The shape of the recorded 
curve depends upon the input, the 
dimensions of specimen, the physical 
nature or condition of the specimen and 
the pickup mechanism. If a specimen 
changes due to deterioration or other 
causes, the resonance curve will change. 
For example, in a qualitative sense 


4Director of Engineering, National Sand and Gravel 
Assn., Washington, D. C. 

5 Research Phy sicist, Assn,, 
Chicago, Il. 
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general deterioration is accompanied 
by broadening of the curve and a shift 
of the peak to the left; localized dis- 
integration, such as might result from 
the failure of one piece of aggregate or 
the formation of a crack should be 
manifested by something like the double 
hump shown in Fig. 6 of the paper. 
Such experimental curves are not at 
present easy to interpret; however, it 
should be possible to calculate resonance 
curves representing any assumed phys- 
ical condition of a specimen, that is, 
assumptions with respect to the values 
of Young’s modulus of elasticity, inter- 
nal friction, and localized points of 
disintegration or weakness. If a suffi- 
cient number of such theoretical reso- 
nance curves were calculated and made 
available to investigators, it should be 
possible to match an actual curve with a 
theoretical one, and from the assumption 
made in the calculations determine the 
physical condition of the specimen. 

If this suggested investigation of the 
whole resonance curve is undertaken, a 
word of caution is in order: first, a purely 
mathematical calculation of theoretical 
resonance curves is very difficult; sec- 
ond, before actual comparison can be 
made there must be assurance that 
the actual input is essentially the same 
as that assumed in the theoretical 
calculation. 

Messrs. T. F. and M. E, 
De Reus® (by letter)—Mr. Thomson’s 
paper is a valuable contribution in that 
it again calls to the attention of concrete 
testing engineers some of the possibili- 
ties of the dynamic method of testing, 
and describes an apparatus for making 
this test and some of the problems 
encountered in using it. 

About 18 months ago, the Research 
Division of the Bureau of Materials of 
the Missouri State Highway Dept. 


* Research Engineer, and Associate Engineer, respec- 
tively, Bureau of Materials, Missouri State Highway 
Dept., Jefferson City, Mo. 
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started experimenting with this method. 
Primarily it was to be used for evalu- 
ating the effects of various weathering 
cycles on concrete specimens. Soon we 
discovered that education and experience 
had exposed most of us to only a bare 
smattering of the fundamentals _in- 
volved; also that our knowledge of the 
sources and characteristics of the equip- 
ment needed was limited. Particularly 
was this true of the electrical apparatus 
required. In the hope that assistance 
may be rendered to others who find 
themselves in the same situation, we 
have outlined below some of our experi- 
ences and have described in some detail 


LE I.-EXAMPLE OF REDUCTION OF | 
TAMODULUS OF ELASTICITY CAUSED 
BY STRIKING. 


Modulus of Elasticity, 
psi.? 


Before 


After 
Striking i 


Striking 


5 400 000 Never frozen 


1 
. 2) 4400000 
Subjected to various 
\e 3 200 000 {numbers of cycles of 


800 000 freezing and thawing 


@ Determined by the dynamic method with electrical 
apparatus. 


an apparatus which we have found to be 
satisfactory. 

In our first tests, the resonant fre- 
quencies of the concrete specimens were 
determined by comparison with a 
sonometer such as that described by 
Powers’. However, some difficulty was 
found in obtaining operators who could 
tune the concrete specimens to the 
sonometer, particularly when the elastic 
modulus of the specimens had fallen off 
considerably due to continued freezing 
and thawing. Furthermore, as Mr. 
Thomson points out, the striking of the 
specimen with a hammer has in itself an 
effect on the elastic modulus of the 


test specimen. For instance, the modu- 
7 T.C. Powers, “Measuring Young’s Modulus of Elasti- 


city by Means of Sonic Vibrations,” Proceedings, Am. Soc. 
Testing Mats., Vol. 38, Part II, p. 460 (1938). 
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lus of elasticity of some laboratory 
demonstration beams was changed as 
shown in the accompanying Table I. 

For these reasons it was decided to 
use the electric method for determina- 
tion of the natural frequencies of the 
specimens. After considerable corre- 
spondence with the manufacturers of 
the various equipment items needed 
and consultation with radio engineers, 
an apparatus was assembled which 
has proven to be eminently satisfactory .® 
This apparatus is essentially that de- 
scribed by MHornibrook® and _ differs 
only in the substitution of a_beat- 
frequency oscillator for the tuned-circuit 


Lrysto/ 
Specimen, “Pick Up 


Beat 1§ Watt Support Cass A Oscillograph 
Oscillator Amplifier Amplifier 


(a) For determination of the natural aceniands 


Beat Freguency Oscillograph Fixed Frequenc 
Iscillator Osci/lator 


(6) For calibration of the beat frequency oscillator. 


Fic. 1.—Wiring Diagrams. 


oscillator and elimination of the decade 
condenser. 


8 The following is a list of the various units incorpo- 
rated in the apparatus, together with the costs. Informa- 
tion concerning the manufacturers of the units may be 
secured from the Society’s headquarters. ‘ 

“ost 

Beat-frequency Audio Oscillator, Model 79-D 
Modified. . $79.00 

15-watt P 20.00 

6-watt Jensen permanent magnet loud speaker, 

Replacement Crystal for Astatic 
phonograph pickup Model B-10.. 

Class A Amplifier, one stage........... 

3-in. Oscillograph, Type 164.. 

Fixed- per second) Audio 
Oscillator, 

25-ft. one-conductor shielded X’stal micro- ) 
phone cable, Type 8431 

10-ft. two-conductor shielded X’stal micro- 
phone cable, Type 8402 

Home made support for loud er and test 
specimens = 10.00 


Total Cost.. > . $225.00 
Floyd B. Hornibrook, of Sonic Method 


to Freezing and Thawing Studies of Concrete,’”” ASTM 
Bulletin, No. 101, December, 1939, p. 5. 


Fess amplifier, Model 416T 


“Tru-tan” 


‘ 
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A wiring diagram showing the hook- 
up of the various pieces of apparatus 
is shown in the accompanying Fig. 1. 
To eliminate electrostatic interference, 
shielded cable was used for connecting 
the various units. ‘Two-conductor cable 
is used to connect the power amplifier 
to the speaker, but only one-conductor 
cable is necessary for the other con- 
nections as the shielding may be utilized 
for making the grounded connections. 

The fixed-frequency oscillator is used 
only for calibration of the apparatus 
and the total cost can be reduced by 
eliminating this instrument and _ using 
another method of calibration which will 


Touche 
OC) Loop 


Tangent 


Fic. 2.—Lissajous Figures. 


A and B are different in phase but both patterns show 
a 1-1 ratio between the frequencies. C and D are also 
different in phase but both patterns show a 5-1 ratio be- 
tween the frequencies. The pattern shown in D has its 
peaks coinciding. 


be described later. Still further reduc- 
tion in cost can be effected by using a 
vacuum tube output meter instead 
of the oscillograph for indicating when 
the oscillator is vibrating at the resonant 
frequency of the test specimen. How- 
ever, substitution of the output meter 
for the oscillograph would necessitate 
relying solely on the calibration device 
built into the beat-frequency oscillator. 

The beat-frequency oscillator pur- 
chased is ordinarily manufactured to 
cover a range of 25 to 15,000 cycles per 
second. However, at a small extra cost 
the manufacturer will modify the instru- 
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ment so that it covers only a portion of 
this range. Depending on the size of 
beams which are to be tested, most of 
the high portion of the range is not 
necessary and by modifying the instru- 
ment the scale graduations are increased 
in size, enabling more accurate reading 
of the instrument. For our own instru- 
ment, this was modified to cover only 
the range from 25 to 4000 cycles per 
second, which makes it possible to read 
the scale sufficiently accurately so that 
the probable error is not greater than 
one-half of one per cent. 

Since the frequency stability of a low- 
cost beat-frequency oscillator is not as 
good as that of a tuned-circuit oscillator, 
it is essential that an accurate and quick 
method for calibration of the oscillator 
be provided. In our setup the fixed- 
frequency oscillator in conjunction with 
the oscillograph serves this purpose. 
The beat-frequency oscillator is cali- 
brated against the fixed-frequency oscil- 
lator by feeding the output voltages 
of the two oscillators into opposite sides 
of the oscillograph and observing the 
resulting Lissajous figures on the screen 
of the oscillograph. When the fre- 
quencies of the two oscillators are the 
same, the figure wiil be a circle or an 
ellipse (see accompanying Fig. 2) de- 
pending on the difference in phase. If 
the frequency of the beat-frequency 
oscillator is twice that of the fixed- 
frequency oscillator, the pattern regis- 
tered on the screen of the oscillograph 
will show a ratio of two peaks in one 
direction, either vertical or horizontal, 
to one peak in the other direction. The 
ratio of the peaks shown will correspond 
with the ratio of the frequencies of the 
two oscillators. This calibration is easily 
and quickly made and through its use 
the frequency of the oscillator can be 
maintained with a maximum ‘variatior 
of less than five cycles per second by 
making a slight adjustment of the 
oscillator every 15 min. or so during use 
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of the instrument. The local alter- 
nating-current power supply can also be 
used as a standard for calibrating the 
oscillator, in lieu of the fixed-frequency 
oscillator, if the exact frequency of the 
power supply at the time of calibration 
is known. However, it is necessary 
to remember that the instantaneous 
value of the frequency of the power 
supply may not always be the same. 
The calibration device built into the 
beat-frequency oscillator can also be 
used; however, it is merely a zero 
adiustment cevice which calibrates the 
instrument at one point only. This is 
sufficient provided the instrument is in 
good adjustment but our experience 
has shown that even a small force ex- 
erted on the indicator at the end of its 
travel may throw out the over-all 
calibration of the dial, and for this 
reason a method of calibration which 
enables checking of more than one point 
on the dial is to be preferred. 

In the first assembly of our apparatus 
difficulty was encountered in deter- 
mining the resonant frequency of some 
test specimens due to the fact that there 
were often two peaks registered on the 
oscillograph, which occurred at different 
frequencies. After considerable experi- 
menting with various parts of the 
apparatus it was finally discovered 
that the curve relating the voltage out- 
put of the pickup unit (which was of a 
type that is used for studying vibrations 
in industrial machinery) to the frequency 
had a sharp hump over a narrow fre- 
quency band. If the resonant frequency 
of the specimen being tested was close 
to or within this band it was often 
impossible to tell the exact natural 
frequency of the specimen. From the 
above it is obvious that the voltage 
output-frequency curve of the pickup 
unit should be as flat as possible through- 
out the frequency range which will be 
encountered in carrying out tests. In 
our own case, we use 3} by 43 by 16-in. 
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specimens, tested so that the vibrations 
are in the plane of the short dimension. 
The fundamental frequency of a normal 
beam is in the neighborhood of 2000 
cycles per second which, after freezing 
and thawing for a number of cycles, may 
fall off to as low as 200 cycles per second. 
The crystal pickup unit which we used 
had the hump in the voltage output 
curve at around 1600 cycles per second. 
At the suggestion of Mr. Floyd B. Horni- 
brook, we tried an ordinary phonograph 
replacement cartridge of the crystal type 
which has proven to be very satisfactory 
as well as much cheaper than the original 
unit. 

Another point in the construction of 
this apparatus which should be carefully 
considered is the natural vibration 
period of the stand used in supporting 
the specimen. This should fall outside 
the range within which the fundamental 
frequencies of the test specimens may 
lie; otherwise it will interfere with the 
determination of those frequencies near 
the resonant period of the stand. This 
can be prevented by damping the vibra- 
tions of the stand by the use of sponged 
rubber supports for the specimen. 

Another method of accomplishing the 
same purpose is to make the stand heavy 
and stiff enough that its natural fre- 
quency is above the range to be used 
in testing specimens or light and flexible 
enough that its natural frequency is 
fairly low. In the first case some slight 
interference may be encountered if the 
fundamental frequency of the specimen 
falls near one-half the natural frequency 
of the stand since the stand will vibrate 
when excited at one-half its natural 
frequency. This action is similar to the 
response curves for a beam shown by 
Mr. Thomson in his Fig. 5. In the 
second case, there is a possibility that a 
harmonic frequency of the stand may 
cause some slight interference. If the 
interference is not severe it is not neces- 
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sary to damp it out since the operator 
soon becomes familiar with the inter- 
ference points and can make the proper 
interpretation of his results. 

In our own case, the stand shown in 
Fig. 1 is made up of a base consisting of 
an 8-lb. 6-in. channel iron 20 in. long to 
which are bolted the support for the 
speaker and two 4 by 6 by 6-in. angle 
irons. The natural frequency of this 
support in a vertical plane is 470 cycles 
per second. There is no interference 
from any harmonics but there is inter- 
ference at the natural period which, 
however, is low enough that when a beam 
has deteriorated to the point that its 
natural frequency is near this value it 
has lost about 90 per cent of the original 
elastic modulus and ordinarily we are 
not interested in tracing further de- 
terioration. 

Mr. Thomson refers to another print 
which he says may be misleading, that 
is, the “double hump” characteristic 
referred to in his Fig. 6 which he attrib- 
utes to cracking of the beam specimen. 
We have tested numerous beams which, 
as a result of freezing and thawing, have 
shown a noticeable amount of cracking, 
but it has been the exception for any of 
these beams to exhibit the characteristic 
Mr. Thomson describes. In the few 
cases where specimens have exhibited 
this characteristic there has been a loss 
from the original elastic modulus of 
more than 80 per cent. 

We have accumulated a considerable 
mass of data relating to the disintegra- 
tion of concrete as caused by freezing 
and thawing and measured by the 
dynamic test method. While there 
remain a number of factors to be inves- 
tigated, it is already apparent that this 
test is of considerable value for, as 
Hornibrook® pointed out, there is 4 
relationship between the loss in elastic 
modulus as determined by the dynamic 
method and the loss in flexural strength 
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of concrete subjected to repeated freez- 
ing and thawing. Our data indicate 
this relationship to be very definite 
as is shown in the accompanying Fig. 3. 
This figure shows the results from a 
number of series of tests in which were 
included the following variables: eight 
different coarse aggregates of similar 
gradation made into concrete having a 
cement factor of 1.45 bbl. per cu. yd. 
and a water-cement ratio of 0.77, three 
different freezing temperatures, four 
different thawing temperatures, and five 
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modulus of rupture of an individual 
beam to the average of four control 
beams which were tested before freezing 
and thawing started. This explains 
why some of the points show a minus 
loss in flexural strength. The points 
grouped about the zero abscissa show 
the variations in flexural strength of the 
control beams. 

The fact that all the points fall in a 
narrow band on either side of the average 
curve, even though they represent tests 
made on concrete with different con- 
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Strength in per cent 
E=Loss in Modulus of 
Elasticity in per cent 


60 80 100 


Loss in Modulus of Elasticity, per cent 


Fic. 3.—Relationship of Loss in Flexural Strength to Loss in Modulus of Elasticity. Each point 
represents one specimen. 


different numbers of cycles of freezing 
and thawing, namely, 0, 2, 10, 20, and 
40 cycles. The percentage loss in modu- 
lus of elasticity, plotted as the abscissa, 
is that calculated for a test on an 
individual specimen referred to the test 
on the same specimen just prior to the 
start of freezing and thawing. The loss 
of flexural strength, plotted as the ordi- 
nate, is calculated by comparing the 


stituents, shows the close relationship 
between these two characteristics of the 
concrete. 

The points deviating most widely 
from the average curve are those 
derived from tests on mortar specimens. 
These fall above the average curve. 
Why this is true we are not prepared to 
state at the present time. A possible 
explanation is that, in the case of mortar 
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specimens, the freezing-and-thawing ac- 
tion merely causes a deterioration of the 
bond between the cement matrix and the 
sand particles, which does not increase 
the discontinuity within the specimen 
sufficiently to be reflected in the loss in 
elastic modulus but does cause a loss of 
flexural strength. Should this be true, 
the method opens up possibilities for the 
study of the effect of various weathering 
cycles or admixtures on the bond 
between the aggregate and the cement 
paste. The fact that the curve does 
not pass through the point of 100, 100 
per cent loss suggests that after a con- 
crete has lost all of its elasticity there 


TABLE II.—TYPICAL VARIATIONS IN THE 
MODULUS OF ELASTICITY OF COMPANION 
SPECIMENS OF CONCRETE.® 


Deviation 
from 
Average, 
per cent 


Natural 


Frequency, Modulus of 


Elasticity, 
psi. 


Number of 
Specimens 


5 670 000 


1 
4 
3 
9 
5 
+ 
1 
1 


6 070 000 


Total 28 5 850 000 1.25 


@ Concrete was 28 days old, had been curing in water, 
and had never been frozen. 


still is some mechanical interlocking of 
the particles. 

The test is sufficiently sensitive that 
the small disparities between apparently 
similar beams can be measured. An 
example of this is shown in the accom- 
panying Table II in which are shown 
the results of tests on 28 companion 
beams. At first it seemed that the 
deviations shown were due to inherent 
errors in the test method. However, 
on rechecking these beams the following 
day, identical results were obtained 
for each beam which definitely indicates 
that the variations were due to some 
difference in the inherent qualities of the 


Modulus of Elasticity (Calculated from Natural Frequencies), psi. 
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individual specimens and not to errors 
in the test itself. 

As a further indication of the value 
of the test in showing variations in 
companion specimens, the accompany- 
ing Fig. 4 is shown. In this figure the 
modulus of elasticity is plotted against 
the number of cycles of freezing and 
thawing to which these four specimens 
were subjected. The unique point indi- 
cated by the figure is that, based on the 
strength results at the end of 40 cycles, 
specimen No. 4 is stronger than speci- 


6000000 


5000000 


Flexural’ Strength 
After 40 Cycles, 


4000000 


3000000 


2000000 


1000000 


0 


0 10 20 30 40 
Number of Cycles of Freezing and Thawing 


Fic. 4.—Illustrating Observed Variations of 
Four Companion Specimens. 


men No. 3 and it would be assumed that 
this had been the case at fewer cycles. 
The dynamic test, revealed that up to 
20 cycles, specimen No. 3 was stronger 
than specimen No. 4. In general, how- 
ever, it has been found that companion 
specimens tend to maintain, throughout 
a series of freezing-and-thawing cycles, 
the order which they assume after a 
very few cycles. In addition, the curves 
are of value as being typical of the 
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deterioration, under continued freezing 
and thawing, of concrete containing a 
coarse aggregate that, according to 
service records, is relatively sound, also 
in showing the variations which may 
be encountered in test results on com- 
panion specimens. 

It appears then that, when concrete 
is frozen and thawed, the loss in flexural 
strength can well be estimated by the 
dynamic method of determining the loss 
in modulus of elasticity; in addition, 
the dynamic method, of itself, is a means 
of evaluating the variable reactions of 
concrete to freezing and thawing. As 
with other methods of testing the 
quality of concrete, results should be 
based on three or more similar specimens 
so that the extraneous variables of 
fabrication, curing, etc., may be aver- 
aged out. 

Mr. THomson (Author’s closure).— 
In writing this paper, the author had in 
mind a general description of the dy- 
namic method of testing and some of its 
anticipated possibilities. Mr. Pickett 
has pointed out another possible ap- 
proach to the investigation of the reso- 
nance curve. It is also gratifying to note 
that Messrs. Willis and DeReus have 
accumulated much information in this 
field. 

A few points of interest need clari- 
fication: The first refers to the double 
hump resonance curves found in some 
beams. The stand used for the support 
of the beam and driver in the apparatus 
described was molded irom a rubber 
composition, and its natural frequency 
of vibration is in the order of a few 
cycles per second thereby excluding the 
possibility of its interference with the 
response of the beam. The double 
hump characteristic shown in Fig. 6 was 
independent of the type of pickup used 
and is inherent in the beam itself. This 
was also verified by testing beams with 
natural frequencies in different regions 
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of the frequency scale. As pointed out 
by Messrs. Willis and DeReus, the 
cracking of the beams may not be the 
cause of the double hump. Further ex- 
periments have shown that some new 
beams possessed this characteristic. 
Possibly a nonuniform distribution of 
the aggregates or voids may account for 
this condition. 

The matter of the pick-up is of great 
importance if a true amplitude curve is 
desired. For the measurement of the 
natural frequency only, it is of no conse- 
quence, since an indication of resonance 
will be sufficient whether it be amplitude, 
velocity or acceleration. It should be 
pointed out that if a crystal cartridge 
is fastened with a rubber directly to the 
end of a vibrating beam, the response is 
that of acceleration and not of ampli- 
tude. 

The author is in agreement with 
Messrs. Willis and DeReus in regard to 
mortar specimen. Ground Kaw River 
beams, shown in Table I, show that 
there is very little change in modulus of 
elasticity and decrement, although the 
beam is in a deteriorated condition with 
low flexural strength. 

Considering the fact that we are treat- 
ing a nonhomogeneous material such as 
concrete by idealized equations based on 
homogeneity and no friction, it is appar- 
ent that extreme accuracy in the measur- 
ing apparatus is not justified. Fre- 
quency stability of the oscillator and a 
linear response of the amplifier propor- 
tional to the amplitude is much more 
important than the exact reading of the 
frequency, since the important items are 
the change in the natural frequency and 
the decrement of vibration. Decre- 
ment investigations are being continued, 
and a new apparatus to produce and 
record damped oscillations of beams is 


near completion, = = 
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SOME PROPERTIES OF MORTARS IN MASONRY 


wie 


By F. O. ANDEREGG! 


SYNOPSIS 


An experimental study has been made of some of the properties of masonry 
mortars with specimens fabricated in contact with masonry units. The 
properties include: the effect of wetting and drying on volume change, bond 
and compressive strengths, and durability. The mixes used ranged from 
straight portland cement 1:3 mortar to straight lime 1:3 mortar, and the 
consistencies have in general been adjusted to give three flows—70, 105 and 
135 percent. Several different limes have been included, sometimes as well- 
soaked putties and sometimes as dry hydrates. The results obtained have 
been compared with similar results with specimens fabricated in metal molds. 
The effect of the combined packing and suction in altering the properties 


of the mortars, especially of those higher in lime is shown. 
A procedure has been developed for accurate estimation of the extent of 


bond, using a dye solution. 


With the aid of this procedure a method for 


fabricating two-brick beams has been devised which has yielded 28-day results 


of good agreement. 
___ tests for masonry mortars. 


for determining crushing strengths. 


This method is suggested as the basis for acceptance 


A method is described for cutting square, flat specimens from brick joints 
By applying suitable shape correction 
factors, the data may be compared with the results from cubes. 
methods have been used for durability determinations, namely, artificial 


Four 


freezing and thawing, natural freezing and artificial thawing, exposure in a 
pan on the roof, and a modified sodium sulfate test. 


Since volume changes in mortars 
caused by moisture variations are much 
greater in specimens prepared in metal 
molds than in actual masonry, and since 
the strength contributed by mortars to 
masonry strength is not proportional to 
the compressive strength of cubes 
molded in metal, the whole philosophy 
of testing masonry mortars needs care- 
ful scrutiny. The present investiga- 
tion was undertaken to develop labora- 
tory te.is that will more accurately 
predict and evaluate the behavior of 
mortar in masonry, and to add to our 


Ps Consulting Specialist on Building Materials, Newark, 
io. 


present knowledge of the factors govern- 
ing volume change, bond and crushing 
strength of mortars and their dura- 
bilities, and of the effect of different 
kinds of lime in varying proportions. 
Preliminary studies yielded results of 
great interest. These included obser- 
vations that the strengths of cubes made 
in metal molds from different mixes with 
a given cement, lime, and sand, varied 
two to three times as much as the 
crushing strengths of mortars taken from 
brick joints. It was also found that the 
wetness of the mortar is the most im- 
portant single factor in securing complete 
contact with an absorbent unit, while 
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the best bond and crushing strengths 
were obtained with brick of medium 
absorption in combination with medium 
consistency mortars. Based on these 
observations, additional specimens have 
been prepared and studied for volume 
change, for bonding and crushing 
strengths, and for durability. 

A number of limes were used, and 
important information concerning their 
behavior has been obtained. Will a 
“high-yield” lime with, say, four volumes 
of water to one volume of solid hydrate 
in the putty, produce more mortar than 
a “low-yield” lime? Will the bond 
strength, the crushing strength, the 
volume changes on alternate wetting 
and drying, and the durability be ad- 
versely affected due to a higher ratio of 
water to cementitious material? Can 
any evidence be secured of possible 
harmful effect from the continued hy- 
dration of MgO in dolomitic lime? 
These are some of the questions which 
are demanding attention. 

| MATERIALS 
Brick: 

Two types—formed with and without 
deairing—of stiff mud, side cut, shale 
brick were selected. The absorption of 
the first type was such that with the 
brick flat in } in. of water the weight 
absorbed in 1 min. varied from almost 
none to about 25 g. The absorption 
of the second type covered the range 
from 3 to 70 g. Variations in absorp- 
tion depended upon the burning tem- 
perature, and experiments were con- 
ducted on brick having 1-min. absorp- 
tions in the following ranges: 0 to 1 g., 
7 to 13 g., 16 to 24 g., and 50 to 60 g. 
Typical absorptions after 24-hr. and 
S-hr. boiling, for brick having 1-min. 
absorptions in the above ranges were 
0.8 and 1.1, 4.5 and 6.5, 8.9 and 11.7, and 
18 and 22.7 per cent, respectively. The 
Saturation coefficients then were about 
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0.73, 0.69, 0.75, and 0.79, respectively. 
The wire cutting produced a fairly 
rough surface, which undoubtedly con- 
tributed some mechanical keying to aid 
the bond, but this factor probably is less 
important on breaking in cantilever. 

Brick E of a previous investigation? 
corresponds to the brick of lowest ab- 
sorption rate used here. Bricks C and 
D were equivalent in behavior to a brick 
having a 1-min. absorption of 20 g., 
which seems to be about the optimum 
from the standpoint of the bricklayer. 
The highest range used here was ap- 
proximately intermediate between bricks 
A and B of the earlier work. 


Cement: 
A portland cement conforming with 


A.S.T.M. Standard Specifications for 
Portland Cement (C 9 — 38)* was used. 


Lime: 

Several different limes, all conforming 
to A.S.T.M. Standard Specifications 
for Quicklime for Structural Purposes 
(C 5-26)* or for Hydrated Lime for 
Structural Purposes (C 6-31),> were 
selected. Some of their properties were 
as follows: 


ency at 24-hr., 
Flow in a 

1:2:8 Mix, per 

= 


Approx. per cent 
by Weight 
Water for 105 per 


Water in Putty at 
Normal Consist 


cent 


Dolomitic dry hy- 
rate 
Dolomitic finer dry 
hydrate 
Dolomitic dry hy- 


dry 19.5 
dry 18.2 
putty 23.4 
dry 20.3 


dry 20.0 
putty 23.5 


dry 20.5 
putty 31.7 


drate 
Dolomitic dry hy- 
rate “Com- 
pletely hydrated” 
High-calcium dry 
hydrate 
High-calcium pul- 
verized quick- 
lime 
Low-magnesian dry 
hydrate 


.| Ohio dry 18.8 


2F. QO. Anderegg, ‘‘Watertight Brick Masonry,” 
Architectural Record, p. 208 (1931). 

31939 Book of A.S.T.M. Standards, Part II, p.1. 

Ibid., p. 30. 

5 Ibid., p. 32. 
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The data in the last column were 
obtained with 1:2:8 mixes containing 
silica sand, after adjustment at the age 
of 1 hr. to the given flow. The mortar 
yields can be calculated from the above 
figures, lime F producing about one- 
fourth more mortar than the dry hy- 
drated lime B,forinstance. This “high- 
yield” putty F will carry more sand, so 
the tendency in the field is to produce a 
leaner mortar with this lime, which 
might have some advantages and some 
disadvantages. Limes A, B, and C 
showed considerable expansion in the 
autoclave test,® lime G a little, while 
limes D, E, and F were nained free from 


i 


The sand used in fabricating speci- 
mens for volume change and durability 
was a washed, Newark, Ohio, river 
sand, composed of about one-third glacial 
sand and about two-thirds sand from 
local outcroppings of sandstones. The 
color with the 3 per cent sodium hy- 
droxide test for organic impurities was 
between fair and good. The percentages 
passing the standard sieves Nos. 200, 
100, 50, 30, 16, and 8 were, respec- 
tively: 1.1, 2.5, 9.5, 45.0, 86.7, and 98.9. 
This sand was also used in the pre- 
liminary work on bond and compressive 
strength of mortar taken from the joints. 
The silica sand from which mortar was 
mixed for the bond and compressive 
strengths was composed of 20 parts of 
run of mine Ottawa sand, 9 parts of 
standard Ottawa sand, and 6 parts of 
local silica sand sized between No. 10 
and No. 20 sieves. This last size of 
sand improved the workability greatly, 
since the Ottawa sands by themselves 
feel “dead.” At the maximum bulking, 
“loose and moist,” a cubic foot of the 

* Proposed Method of Test for Autoclave Expansion 


i Portland Cement, a Am. Soc. Testing Mats., 
. Part I, p. 297 (1938). 
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Newark sand contained 74.3 lb. of dry 
sand and of the silica sand 76.5 lb. 
Proportions.—In making up mixes, 
one unit volume of sand was taken as 
weighing 75; a unit of portland cement, 
94; and one of dry hydrated lime, 40. 


VoLuME CHANGES CAUSED BY WETTING 
AND DRYING 


Mortars were prepared in 1:1:6, 
3:5:21, and 1:2:8 mixes with portland 
cement, different limes, and the local 
sand. They were mixed mechanically 
for 10 min., and brought to a consis- 
tency of (X) of 70 per cent flow as 
determined on the flow table. Part of 
this mortar was placed between two 
pairs of bricks having a 1-min. absorp- 
tion of from 0 to 1 g., a strip of very 
thin tissue paper being interposed to 
facilitate removal of the mortar slab 
from the brick. A strip of oiled metal 
3? in. wide was inserted in the mortar 
1 in. from one edge to aid in securing a 
strip of mortar suitable for making 
squares for crushing tests. The joints 
were pounded to a thickness of } in. 
Small brass inserts were placed in the 
ends of the mortar joints for later 
measurements of volume change. The 
surface of the mortar was well tooled 
with the point of the trowel. 

The remainder of the mortar was 
brought to a flow of from 103 to 108 
per cent (Y), and two pairs of bricks 
absorbing approximately 20 g. in 1 min. 
were similarly treated. The last part 
of the mortar was then brought to a 
fluid consistency of 135 per cent flow 
(Z) and used with two pairs of bricks 
having a 1-min. absorption of from 
50 to 60 g. 

After storing for seven days between 
the bricks in the air of the laboratory, 
the mortar was removed and the length 
of the slabs measured to 0.0001 in. 
The slabs were then exposed to free cir- 
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culation of air at a temperature of ap- 
proximately 70 F. By the end of six 
days the slabs were losing very little, 
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are given for changes in length of the 
mortar slab while constrained between 
two bricks. 


es 
a if any, weight, and so were measured The lengths of the slabs corresponded 
nt, again and then immersed in water for in general to those of the brick, ranging 
24 hr. at room temperature. Thiscycle from a little less than 8 in. to nearly 9 
was repeated weekly. In Table Iaver- in. Readings were made at a tempera- 
NG ages are presented in thousandths per ture of 70 + 2 F. and the gage was 
cent (parts per hundred thousand), for checked with a standard bar before and 
; the number of mortar specimens listed after measuring each group of specimens. 
6, at the head of each column. The use The use of a micrometer head, while 
ind of averages conceals no information, perhaps not so sensitive as a dial, has 
cal since no significant differences were ob- certain advantages in giving results 
lly served to result from varying the pro- constant to within about 0.0003 in. In 
~ portions of cement and lime between the _ this way the sticking often encountered 
= limits 1:1 and 1:2. A few additional with dials was eliminated. A dial read- 
of tests (not tabulated) were run on mortar _ ing to 0.0001 in. was discarded in favor 
eg slabs fabricated from portland cement of the micrometer head. A standard 
‘A TABLE I.—CHANGES IN LENGTH OF 8-IN. MASONRY MORTAR SLABS CAUSED BY WETTING __ 
AND DRYING. 
to Cycles of 24-hr. soaking and 6-days drying were used. a 
slab (Values in thousandths per cent.) i. a 
etal Lime | Lime | Lime | Lime | Lime | Lime | Lime | Metal | Left in 
tas A B Cc D E F G Molds | Brick 
a 12 42 18 24 18 18 18 16 16 
ad 90 80 81 80 78 82 81 163 21 
ints Shrinkage and venation ‘at2months..| 44 43 47 45 50 51 47 58 20 
° Shrinkage and expansion at 4 months. . 37 36 38 35 41 42 40 56 23 
in. Shrinkage and expansion at6months..} 43 45 50 40 44 47 55 65 19 
the Net change, 6 months, wet to wet...... +10 3 +15 +6 +10 +8 +9 —43 -1 
ater 
The and sand, 1:3, as well as from the same bar was used frequently to check the 
pled mix with 10 per cent admixture by position of the micrometer. 
volume of lime B putty. The volume ) 
wes change of these specimens checked those Conclusions: 
108 measured on the 1:2:8 mortars within From observing the changes in length 
icks the error of the measurements. during the first six months, caused by 
nin. Another series of 16 slabs ranging from wetting and drying 132 mortar slabs 
part straight 1:3 portland cement to 1:2:8 fabricated between bricks and removed i 
isch mortars was made with hydrated dolo- therefrom at 7 days, it can be concluded 1 
flow mitic lime B, or with high calcium lime that, for a given mix, the changes in 
‘icks E. The slabs were made in metal molds length for the three combinations, X, Y, d 
rom and measured in the same way as for and Z of the consistency of the mortars 
the series just preceding, the results and absorption of the brick were con- ; 
veen being found in the next to the last stant within the error of measurement. f 
ory, column of Table I. At the same time, The changes in length for cement-lime iy 
ngth part of the mortar was placed between ratios ranging from 1:1 to 1:2 were also 1 
in. bricks with no paper interposed, and in constant within the error of reading. 
. cir- the last column of Table I the results The greatest observed shrinkage oc- 


ty 
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curred during the first week after the 
slabs were removed from the bricks, 
and the second greatest during the 
drying period in the second week after 
removal. Data on volume changes of 
mortar in brick work starting immediate- 
ly after contact with the units are 
needed and will be obtained as soon as 
possible. 

The expansions on wetting, and 
shrinkages on drying after the first two 
cycles were of the order of 40 to 50 
thousandths per cent. However, at the 
end of six months, the length of most of 
the wet slab was apparently slightly 
greater than when freshly removed from 
brick. This observation is in accord 
with previous experience of the author 
with several thousand 1:3 portland 
cement specimens undergoing similar 
cycles, the earlier shrinkage being com- 
pensated for as the cement continues 
to hydrate and expand. 

Mortar fabricated in metal molds 
shrank more initially, and exhibited 
greater volume changes than similar 
mortar taken from between bricks. At 
the end of 6 months, these slabs averaged 
about 40 thousandths per cent shorter 
than when first measured. 

The change in length of mortars left 
in contact with brick (no paper between) 
was much lower, being of the order of 20 
thousandths per cent during the given 
cycle. 

The conclusions of Davis and Troxell,’ 
and of the author? as to the great im- 
portance of measuring volume changes 
of masonry mortars only in brick as- 
semblages are confirmed. The author 
observed on a series of wall panels at 
Mellon Institute an initial shrinkage, 
between the time the mortar set suf- 
ficiently to permit use of a strain gage 
on the reference points and the time 
when a practically constant value was 
reached, of 60 thousandths per cent of 

7 Raymond E. Davis and G. E. Troxell, “Volumetric 


Changes in Portland Cement Mortars and Concrete,” 
Proceedings, Am. Concrete Inst., Vol. 25, p. 210 (1929). 
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the mortar thickness, as the average of 
a large number of panels built with three 
kinds of brick having low, medium, and 
high absorption. The change on spray- 
ing for 2 hr. was 17 thousandths per cent 
of the mortar thickness, essentially the 
same as that observed after a hard 24- 
hr. rainstorm. This last value is com- 
parable with the data recorded in Table 
I for mortar measured lengthwise be- 
tween bricks and with data obtained 
during the past 9 months for a series of 
8 brick pairs for which the change in 
the thickness of 16 mortar joints was 
measured over 10 cycles of wetting and 
drying as 22 thousandths per cent of 
the mortar thickness. 

These experiments have failed to 
develop any evidence of the expansion 
of mortars made from lime containing 
incompletely hydrated magnesia. To 
explain this observation, the suggestion 
is made that sufficient moisture is 
present, especially with weekly soakings, 
to hydrate a large part of the magnesia 
rather early. According to Wells and 
Taylor,* about 85 per cent of the 
magnesia should be hydrated at room 
temperature within one month, if kept 
wet. Moreover, calculation will show 
that when 1 mole of magnesia reacts 
with 1 mole of water, a net shrinkage in 
volume takes place, the MgO + H,0 
occupying less volume than the Mg(OH): 
formed. When the mortar sets, there 
are surely present many moles of water 
for each one of free MgO. This view- 
point does not prove that expansion 
cannot take place, but does seem to 
explain the apparent integrity of prac- 
tically all masonry walls containing 
dolomitic lime. 


Compressive Strengths of Mortar Used in 
Volume Change Measurements: 


From the 1-in. strips mentioned in the 
preparation of specimens for the volume 


8 Lansing S. Wells and Kenneth Taylor, “Hydration 
of Magnesia in Dolomitic Hydrated Limes and Putties,” 
Research, Nat. Bureau Standards, Vol. 19, p. 

(1937 
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change measurements, at least 12 squares 
were clipped for each test condition, 
the large number being desirable be- 
cause of the scatter among the results. 
This scatter can be reduced by skill in 
surfacing, but it is suggested that vari- 
ations of the order of + 15 or 20 per 
cent are inherent in the mortar itself. 
The distribution of the capillaries in 
the brick is variable, so that the suction 
is greater in some spots than in others. 
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this can be done quite rapidly and 
accurately. Correction from the flat 
shape to a cube shape is made with the 
factors given in the A.S.T.M. Stand- 
ard Method of Securing Specimens of 
Hardened Concrete from the Structure 
(C 42-39). These factors were con- 
firmed by crushing 20 cubes and 20 flat 
specimens made from the same mortar. 
The dimensions of the square are read 
to the nearest 0.02 in. (or 0.5 mm.), and 


TABLE II.—COMPRESSIVE STRENGTH OF MORTARS FOR VOLUME CHANGE STUDY. 
(Corrected to Cube Shape; Values in pounds per square inch.) 
Combination X was mortar of 70 per cent flow on brick with less than 1-g. absorption in 1 min. Combination Y was 


brick with 20-g. absorption in 1 min. and 105 per cent flow mortar. 


with 50 to 60-g. absorption in 1 min. 


Combination Z was 135 per cent flow mortar on brick 


The ratio of average dry hydrate strength to putty strength = 1.11, practically the same as the reciprocal of the ratio 


of the mortar volumes. 


Lime 


7 Days Between Bricks 


28 Days; 7 Between Brick, 
21 in Envelopes 


ne 


6 
8 
6 
6 
2 
8 
6 
2 


Dry Hydrate 
Dry Hydrate 
Putty. . 

Dry Hydrate 


oo ce ce sees ee ce 


Dry Hydrate 


Average 


Y/X = 1.56 2/X = 1.41 


Y/X = 1.57 Z/X = 1.40 


Part of the squares were surfaced and 
tested at 7 days, while the remainder 
were stored in envelopes on the labora- 
tory shelf until 28 days old, when more 
specimens were prepared and crushed. 

The surfacing operation consists in 
squaring the edges by rubbing in damp 
sand on a file. The flat sides are then 
made plane and parallel with a little 
moist neat cement paste on a high-speed 
tubbing table. After a little practice, 


at the same time the thickness is noted. 
This thickness divided by the smaller 
flat dimension is the slenderness ratio s. 
The correction factor C is conveniently 


calculated from the equation: = 
C = 1.00 — (1.00 — s)/1.2 


or taken from a chart of this equation. 
The results are given in Table II. 


91939 Book of A.S.T.M. Standards, Part II, p. 320. 
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Best results were obtained with medi- 
um consistency mortars in combination 
with a brick of not too high absorption 
rate, confirming previous observations 
made with the help of a large number of 
masons. Poorest results were obtained 
with the mortar of lowest flow in contact 
with low-absorption brick. These re- 
sults are not as high as they would have 
been had the paper been left out, 
judging from parallel experiments with 
squares cut from mortar fabricated 
with and without paper between the 


volumes of the mortars. The disten- 
sion of the mortar by the water required 
to produce working consistency, in con- 
junction with water-retaining capacity, 
probably controls the effect of the lime 
on the strength of the mortar. 


BOND AND COMPRESSIVE STRENGTHS OF 
Mortar IN MASONRY 


The bonding strength of a given 
mortar is of great interest, but it cannot 
be determined with any degree of 
accuracy if the contact between the 


Fic. 1.—Assembly of 2-Brick Mortar Beams to Give Consistent Results. 
Contact with the brick is made with a wiping motion. Note metal frame placed in mortar to facilitate later square 


cutting; also spacers used to control joint t 
ground. 


mortar and the brick. It is suggested 
that the combined actions of compact- 
ing and suction play an important part 
in improving mortar compressive 
strength. The storage in envelopes for 
21 days raised the strength only about 
19 per cent. In another set of mortars 
stored loose on the shelf for 21 days; 
an apparent loss in strength was ob- 
served. Strengths of mortars made with 
dry hydrate averaged 1.11 times the 
corresponding values of mortars con- 
taining lime putties, which was close to 
the reciprocal of the ratios of the 


ickness. Some of the volume-change slabs may be seen in the upper back- 


mortar and the masonry unit is incom- 
plete, especially at an edge stressed in 
tension. Heretofore, lack of any satis- 
factory method of determining the area 
of contact of samples in the laboratory 
has hindered the development of a 
method of making up beams which 
would yield results of low scatter. 

It has been a matter of observation 
in the field that areas where brick and 
mortar are not in contact become 
grimed.!° A griming agent is needed 

10 Personal communication from C. C. Connor. Also 


F. O. Anderegg, “Watertight Brick Masonry,” Architec- 
tural Record, p. 208 (1931), Figs. 8 and 10. 
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for laboratory specimens, such as one 
of the “fugitive” or readily water-soluble 
dyes. A “blue dye’ seems to be satis- 
factory and can be applied in solution 
with a brush to a joint at an age of about 
3 days. The solution should be so 
prepared as to have a high tinctorial 
value. Since greatest difficulty is ex- 
perienced in getting complete contact 
all around the outside of the joint (the 
furrowed joint of the brick mason does 
not enter this particular discussion) this 
method readily indicates any noncon- 


Fic. 2.—Breaking of 2-Brick Beams in 
Cantilever. 


Later, as the technique improved, the channels were re- 
placed by collars, one being bolted to a concrete wall, with 
a hydraulic cylinder for loading. 


tacting areas near the edge which is 
under tension during the loading. 
With the aid of this dye, a technique 
has been worked out for beam assembly 
that yields concordant results.2 Just 
as in any method of testing cement pro- 
ducts, meticulous attention to details is 
essential. The method is shown in 
Fig. 1, which illustrates a number of 
points. In the first place, the numbers 
painted on the brick are the weights in 
grams of water absorbed through one 


1! The dye used was a “fugitive” dye for textiles from 
the Texply. Co., Inc., Somerville, N. J. 

. Pearson has also used two-brick beams but 

failed to get concordant results. Personal communication. 
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face in one minute. Brick are chosen 
having a narrow absorption range. In 
the second place, the consistency of the 
mortar must be controlled within a 
narrow range, which is chosen to fit the 
brick absorption, so that the surface of 
the brick will be adequately wetted. 
Not more than 3 beams may be made 
from one batch. The mortar must be 
applied to the brick surfaces with a 
wiping motion, so that contact is com- 
plete. Inserts may be used at the end 
of the joint to control the thickness of 


Fic. 3.—2:1:8 Mortar Bonds Broken at 28 days. 


A large part of we area was still damp, especially when 
lime putty was 


the joint. As soon as the bricks are 
superposed the upper one is pounded 
down until contact is made with the 
inserts. ‘These inserts are removed very 
shortly and the spaces filled with fresh, 
soft mortar. Finally the joints are 
carefully tooled with a round tool, to 
be sure of complete contact all around 
between mortar and brick. 

The method of breaking first used is 
shown in Fig. 2. Bond strengths at 28 
days were generally too great for this 
apparatus and a new one, with collars 
bolted around the brick, was fabricated, 
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the pressure being applied from an 
hydraulic jack. 

After breaking the beams in cantilever, 
the mortar was detached by sharp 
pounding on the brick. By including 
within the corner of the mortar a }-in. 
strip of thin oiled metal bent into a 1 by 
6-in. rectangle, clipping of the mortar 
into suitable squares is facilitated. Such 
a frame may be seen directly under the 


ANDEREGG ON SOME PROPERTIES OF MORTARS IN MASONRY 


same mortar placed in the joints. The 
scatter among these results was usually 
below 5 per cent. 

Results are given with three cement- 
lime ratios and which have been given 
the literal designation H, M, and N, 
corresponding to designations proposed 
for different grades of mortar in prelimi- 
nary discussions in A.S.T.M. Committee 
C-12 on Mortars for Unit Masonry. 


TABLE III.—BOND AND COMPRESSIVE STRENGTHS OF MORTARS IN MASONRY. 
(Values in pounds per square inch.) 


7 Days 28 Days 


Lime 


Corrected 
square 


Corrected 
square 


Dry Hydrate 


Dry Hydrate 


Average 


Portland cement 


Average of 5 limes 


2500 

1520 

1390 
1.80 


3230 


@ Squares cut from moist inside averaged 5180 psi. Those cut from dry outer part averaged 2220 psi. 
Suitable specimens unobtainable at 7 days from the mortar joint and only a few at 28 days. 


trowl in Fig. 1 and again in Fig. 3, which 
shows a fracture. From 12 to 20 squares 
are tested from the mortar representing 
each combination of conditions. The 
results, after correcting to the cubical 
shape as described above, are given in 
Table III in the columns headed, 
“corrected square.” The scatter among 
a given set is generally about + 15 per 
cent. The results in the column headed 
“cube” were the compressive strengths 
of six cubes molded in metal from the 


Conclusions: 


Bond strengths of low scatter have 
been obtained by sufficient attention to 
details, among which are the following: 
selection of brick of narrow absorption 
range; adjustment of mortar consistency 
to a flow of 110 per cent at the age of 
1 hr. to insure wetting the surface of the 
brick; application of the mortar to the 
brick surface with a wiping motion; 
pounding down of the brick to the }-in. 
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joint thickness; use within 10 min. 
of a batch of mortar; cementing together 
of only two bricks for a specimen beam; 
final tooling of the joint to force the 
mortar into complete contact with all 
brick surfaces; and use of a dye solution 
to determine the degree of contact. 

The results obtained by this method 
and recorded in Table III seem suf- 
ficiently good to justify suggesting 
study of this method for an acceptance 
test for mortars. A minimum modulus 
of rupture of 50 psi. at 28 days, with 
joints essentially free of dye penetration, 
would be a suitable specification. 

These bond strengths correlate reason- 
ably well with the compressive strengths 
of mortar squares taken from between 
the brick but not with the cube strengths. 
The combined effect of packing and 
suction apparently cannot be emulated 
with metal molds. 

Mortars high in portland cement seem 
to benefit much less from the packing- 
suction than do mortars higher in lime. 
This is one reason why the load-carry- 
ing capacity of masonry assemblies cor- 
relates so poorly with cube strengths. 

The sand has an important effect on 
the results obtained. In this series, 
a silica sand of fairly good grading has 
yielded strengths higher than can usually 
be expected. It is important in the 
design of a given mortar mix to use not 
only the masonry units specified, but 
also the sand or sands available. 

The preparation of the squares for 
crushing probably involves too much 
skill and labor to warrant inclusion in 
ordinary acceptance tests. It may be 
sufficient for most purposes to multiply 
the modulus of rupture, obtained at 28 
days with joints essentially free of dye 
penetration, by a factor worked out 
experimentally for a given sand to give 
an estimate of the compressive strength 
of mortar within the brick for 28-day 
cube-shaped specimens. The ratio of 
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the crushing strength of these silica- 
sand-mortar squares to the bond 
strengths averaged 11.2 + 2.3, which 
is a reasonably low average scatter, 
everything considered. 

In the 1:1:6 and 1:2:8 mixes, hy- 
drated limes, because of lower water 
content in the mortar, yield the higher 
joint strengths, but in the 2:1:8 mixes, 
one of the lime putties has developed 
higher bond strengths than has the dry 
hydrate. The explanation is that the 
presence of the extra water held by the 
putty aids in the hydration of the port- 
land cement. This is confirmed by the 
appearance of the joints after fracture. 
They were still moist at 28 days, as 
shown in Fig. 3. 

The bond strengths and compressive 
strengths of squares in this series seem 
to be inversely proportional to the 
mortar yields. The cube strengths, 
however, seem to vary inversely as some 
power of the mortar yields. The effect 
of curing moisture was shown by the 
difference between the crushing strength 
of 1:3 cement mortar taken from the 
outside and inside of joints. 


DURABILITY 


Mortars made from local sand were 
adjusted after 10-min. mixing and 50-min. 
standing to a flow of 105 per cent, and 
were placed between bricks having a 1- 
min. absorption of 20 + 4 g., with thin 
tissue paper between the mortar and 
the brick, the joints being pounded down 
to }-in. thickness. After curing for one 
week between bricks, the slabs were 
removed, soaked for 24 hr. in water, 
and allowed to dry for 6 days. Samples 
of each mix were then subjected to one 
of the following tests: 

(a) Freezing and thawing in a cabinet 
for 50 cycles. The cycle was 22 hr. 
freezing at 10 F. and 2 hr. thawing in 
warm water. 
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(6) Freezing and thawing outdoors 
and indoors for 15 cycles, the pan being 
brought in each morning and thawed 
out over the stove. 

(c) One series of 14-day old specimens 
was soaked for 24 hr. and then placed, 
half immersed, in a pan of snow on the 
roof, about the middle of January, 1940. 
Observations were made early in the 
months of February, March, and April. 

Another set was placed in a bucket 
containing 10 per cent sodium sulfate 
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rapid disintegration. 
given in Table IV. 


The results are 
Conclusions: 
The first three methods of test seem 
to be of approximately equal severity. 
The simplest way to test would be to 
expose the specimens partially im- 
mersed in a pan outdoors through one 
winter. Sufficient sulfuric acid occurs 
in the winter rain water in the north- 
eastern quarter of this country to give 


TABLE IV.—DURABILITY OF MORTAR FABRICATED BETWEEN BRICKS.? 


Lime 


Mix 


Mixing 
Water, per 


Cabinet Freez- 
ing and Thaw- 
ing 


Outdoors Freez- 
ing and Thaw- 
ing 


Left on Roof 
3 Months 


Sodium Sulfate 
Solution 5 
Weeks 


Dry Hydrate 


Dry Hydrate 


Dry Hydrate 


Cements 


33 
6 
8 
33 
6 
8 
21:6 
72:8 
21:6 
73 
6 
8 


1: 
1 
1 


Aqre 


O.K. 
O.K. 
90% left 
O.K. 
95% left 
90% left 
O.K. 
O.K. 
failed, 8th 
O.K. 
98% left 
85% left 
O.K. 
90% left 
75% left 
failed, 8th 


failed, 20th 
failed, 35th 


O.K. 


O.K. 
O.K. 
failed, 9th 
O.K. 
O.K. 
failed, 9th 


85% left 
failed, 10th 


failed, 9th 
failed, 11th 
failed, 11th 


O.K. 


HOD 


O.K. 
O.K. 
failed, 3d 


failed, 2nd 
90% left 
35% 


O.K. 


failed, Sth 
failed, Sth 
failed, 3rd 


failed, 5th 
failed, Sth 
failed, 4th 


failed, 5th 
failed, 5th 
failed, Sth 


failed, Sth 
failed, 5th 
failed, 5th 


failed, 2nd 
failed, 3d 
failed, 2nd 


failed, 2nd 
failed, 6th 
failed, Sth 


failed, 6th 


@ The expression, “95% left,’’ means a loss of 5 per cent under the given exposure. 


gration complete at the ninth cycle or observation. 


“Failed, 9th’? means disinte- 


Exfoliated at the top to the extent of about 10 per cent. The tops of theseslabs were white on April 2 from calcium 


ulfate efflorescence. 


solution. The bucket was _ insulated 
with 4 in. of Fiberglas wool and placed 
outdoors. Once a week it was brought 
in and the crystals were melted over the 
stove. The specimens were taken out, 
disintegrated mortar was removed, and 
the specimens were baked for 4 hr. at 
110 C. Then they were replaced in the 
solution and returned outdoors. The 
excellent insulation and long, slow, 
cooling period permitted the growth of 
large crystals within the slabs, causing 


immersed mortar slabs in one winter 
season an exposure approximating that 
which a parapet wall might be expected 
to receive in about five years. The 
sodium sulfate test is too severe to 
evaluate mortars properly. 

Specimens made from lime putty 
suffered more than those made from the 
same proportion of dry hydrate. Dolo- 
mitic and high-calcium mortars with 
similar water content seemed to be 
nearly on a par in these experiments. 
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22.2 
a 23.6 failed, 3d 
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Mortars containing more portland 
cement were more resistant. Masonry 
cement B in the sodium sulfate test 
resisted about as well as the portland 
cement specimens. This cement, having 
a slag base, would not be attacked chem- 
ically as severely as portland cement, 
thereby compensating for its much lower 
strength. It is believed that low per- 
meability or absorption and strength are 
the most important factors in resisting 
disintegration. 

The next set of experiments will in- 
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clude mortars fabricated in metal molds, 
mortars left between brick, and as many 
different mortars of varying age as 
can readily be obtained. 

Finally, the philosophy of testing— 
that all materials should be tested under 
conditions as closely simulative of actual 
application as practicable—is believed 
to be borne out by the results given in 
this paper on masonry mortars, and the 
list of tests of mortar in actual contact 
with masonry units should be expanded. 
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Mr. JAmes R. WitHRow.'—I pre- 
sume that experimental precautions have 
been taken against such possible criti- 
cism that when the steel bands, shown 
in Fig. 1, are inserted in the mortar they 
do not interrupt any natural effect. 
Mr. Anderegg drew the conclusion that 
the major effect was toward the ab- 
sorbing material. Perhaps that is true, 
but there should be some way found, 
if it has not been found, of making 
certain that there is no lateral effect due 
to extrusion and evaporation from the 
side. That may be unimportant in the 
case of lime mortars, because of the 
carbonating effect. 

Mr. F. O. ANDEREGG.2—The beams 
were broken in cantilever, so that the 
condition of the mortar in the joints 
near the neutral axis did not affect the 


1 Chairman and Professor, Department of Chemical 
Engineering, and Consulting Chemical Engineer, Ohio 
Columbus, Ohio. 

i 2 Consulting pecialist on Building Materials, Newark, 
Ohio. 
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result. The effect of the band on 
evaporation and mortar strength was 
repeatedly investigated by comparing 
the crushing strength of squares clipped 
from the outside with similar ones 
clipped from the inside. No difference 
was detectable in the case of mortars 
containing a reasonable amount of lime; 
but straight portland cement mortar 
from outside the band had less than 
half the compressive strength of the 
mortar from the inside of the band, as 
stated in Table III. The poor water- 
retaining capacity of portland cement 
mortars seems also to apply to loss of 
moisture by evaporation. This seems 
to indicate the desirability of having 
present sufficient finely divided material 
to help hold the moisture. The replace- 
ment of one third of portland cement by 
lime putty B appreciably increased the 
28-day bond strength over straight 
portland cement mortar, by affording 
better curing conditions for the cement. 
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RELATION OF WATER ABSORPTION AND STRENGTH H OF BRICK TO 
ABRASIVE RESISTANCE 


By J. W. McBurney,! R. H. Brink,! A. R. EBERLE! 


> 


SYNOPSIS 


The Kessler portable abrasion tester was used to determine the compara- 
tive abrasive resistance of approximately 50 clay, shale and fireclay bricks 


of known strength and absorption. 


These bricks were selected to represent 
the maximum range in properties commercially available. 


The results in- 


dicate that the abrasive resistance increases with increasing compressive 
strength and decreases with increasing absorption. 


That the abrasive resistance of brick 
is related to their strength and water 
absorption was recognized in the Stand- 
ard Specifications for Clay Sewer Brick? 
promulgated by the Society in 1924. 
In this specification bricks were classified 
into four grades on the basis of absorp- 
tion, and compressive and transverse 
strength. These grades were recom- 
mended as suitable for resisting the 
abrasive action of sewage at various 
velocities. 

As a preliminary to revising this 
specification, it appeared desirable to 
study the relations between abrasive 
resistance and absorption and strength. 
While a number of tests have been 
proposed for measuring abrasive re- 
sistance of ceramic materials, in but few 
cases have these tests been related to 
behavior in service. So far as the 
authors know, no tests have been 
compared with the action of sewage as 


an abrasive agent. In the absence of 
1 Senior Technologist, Junior Engineer, and Research 
ciate of the Structural Clay Products Institute, 
je National Bureau of Standards, Washington, 


2Standard Specifications for Clay Sewer 
~ 24), Book of A.S.T.M. Standards, Part I 


any laboratory test known to be related 
to service conditions of sewer brick, 
an arbitrary selection of a test method 
involving the use of a portable abrasion 
apparatus designed by D. W. Kessler 
was made on the basis of convenience. 
The evaluation of this test awaits the 
collection of further service data of the 


kind reported by Plummer.® 


The four bricks reported in Table I 
were selected to provide low, medium 
and high resistance to abrasion. Brick 
No. 1 is another specimen of the grade 
of brick represented by No. 1 in Table 
II and by No. 2 in Table III. Brick 
No. 2 corresponds to No. 1 of Table III. 
Bricks Nos. 3 and 4 both exceeded 
18,000 psi. in compressive strength and 
had water absorptions by 5-hr. boiling 
of 3.1 and 1.8 per cent, respectively. 
They are vitrified and are made specially 
for use in sewer construction. 


SOURCE AND DESCRIPTION OF 
Test SPECIMENS 


3 Harry C. Plummer, “Abrasive Action of Sewage on 
Brick Sewers,’ Bulletin, Am, Ceramic Soc., Vol. 16, No. 9, 
pp. 365-368 (1938). 
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PP The brick specimens described in The following quotation from that 
‘Table II are the identical specimens paper refers to these specimens: “Rec- 


TABLE I.—REPRODUCIBILITY OF ABRASION TESTS ON BRICK. 


Average Loss, g. per min. 


Second Fourth 
10 
min. 
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Front 


® Break from side of hole. 
» Foot had reached limit of vertical motion before 10 min. 


Description of Bricks Results of Tests 


Water Absorp- 


Method of Form- 8. tion, per cent 


ing and Raw 


th, 
Flatwise, psi. 


5-hr. 
boiling 


Test A 


Modulus of 


Compressive 


Wisconsin 
Detroit 
Hudson Valley 
New Hampshire 
Texas 
yoming 
Colorado | 
Philadelphia 
Cleveland 
Alabama 


won 


PAS 


Detroit 
Illinois 
Ohio 


Baltimore 
New Hampshire 
Indiana 
Wisconsin 

Ohio 


o 

~ 

— 

sun 

ss 


* These numbers correspond to those in Table I of the 1936 paper on Water Absorption. According to the absorptions 
as eigaelly determined, these numbers were in order of decreasing absorption by 5-hr. boiling. 
= soft mud. SC = side cut. EC = end cut. 
C = clay. S = shale. MCS = mixture of clay and shale. 
FC = fire clay. D = deaired. DP = dry press. 


listed in Table I of the paper on water ords of the tests on 3886 bricks tested 
absorption of building brick published in the 1930 survey (see Proceedings, 


as an appendix to the 1936 report of pritdis, McBurney, “Water Absorption of Buildin 
A.S.T.M. Committee C-3 on Brick.‘ 
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Am. Soc. Testing Mats., Vol. 33, Part 
II, p. 636 (1933)) were examined and 22 
half-brick specimens were selected for 
test in the present investigation accord- 
ing to the following criteria: (1) the 
specimens should represent the maxi- 
mum range in absorption; (2) all com- 
mercial methods of forming should be 
represented; (3) a variety of raw ma- 
terials should be selected; and (4) the 


principal producing districts should be 
represented.” In the present study no 
abrasion tests were made on bricks Nos. 
11, 18 and 20 because of their irregular 
shape. The absorption values are the 
results of test No. 9 reported in the 1936 
paper. The same half bricks were used 
for both tests A and B and, therefore, 
the strength and absorption data pre- 
sented in Table II apply to both tests. 


TABLE III.—ABRASIVE LOSS, STRENGTH AND WATER ABSORPTION OF BRICKS SELECTED FROM THE 
1936 EXPOSURE TEST. 


Description of Bricks 


Results of Tests 


Specimen® 


Abrasive 
Loss, g. 


Water Absorption, 


Compressive per cent 


Modulus 
of 
atwise, upture, 
i. i. 24-hr. 5-hr. 
cold | boiling 


Test Test |Test 
D ci D 


Texas 
Wisconsin 
Pennsylvania 
Hudson Valley 
Detroit 
Hudson Valley 
New England 
Philadelphia 
Pennsylvania 
Chicago 

New England 
Virginia 
Texas 
Maryland 
West Virginia 
Baltimore 
Pennsylvania 
Iowa 

New England 
New England 
West Virginia 
Pennsylvania 


ig) 


sc, 
SC, FC 


ENE RUN 


2| a8 


1170 
2015! 2605 
2335| 2930 


* Bricks arranged in order of decreasing absorption by 5-hr. boiling of Test C. 


TABLE IV.—ABRASIVE LOSS, STRENGTH AND 
WATER ABSORPTION OF A SERIES OF DRY 
PRESS BRICKS FROM ST. LOUIS. 


Water Absorp- 
tion, per cent 
pecimen 


Strength 
Flatwise, 


psi. 


5-hr. 
boiling 


Test E, g. 
Compressive 
Modulus of 


men |Abrasive Loss, 
Ww 


CO 
NOS 


680 
785 
645 
820 
515 
1105 
1285 
850 
1280 
1130 


* Bricks arranged in order of decreasing absorption 
by 5-hr. boiling. 


The brick specimens reported in 
Table III are samples of the same series 
of bricks which had been selected to — 
undergo weathering exposure in the 
Bureau’s “cemetery” exposure plot de- 
scribed in the paper on the wick test.5 
Since abrasion tests C and D were made 
on separate specimens, the individual 
strength and absorption values for 
these specimens are given in Table III. 


5 J. W. McBurney and D. E. Parsons, “The Wick Test 
for Efflorescence of Building Brick,” Proceedings, 
Soc. Testing Mats., Vol. 37, Part IT, p. 332 (1937). 
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Table IV presents data on a series of 

_ dry-press bricks from the St. Louis 
_ district characterized by both high 
? strength and relatively high water 
absorption. 

The data reported in Table V were 
_ obtained on the same grades (but not 
- the same specimens) of brick as those 


listed under the corresponding numbers 
in Table ITI. 


DESCRIPTION OF APPARATUS AND 
METHODS oF TEST 
Kessler Apparatus: 


A portable abrasion machine (shown 
in Fig. 1) designed by Kessler was used. 


hollow shaft and flows continuously 
between the rotating foot and the brick 
surface being abraded. | 

The foot used in tests A and B 
(Table I) and C (Table III) was 2 in. 
in diameter with a 1-in. diameter hole 
through the center. Four radial slots, 
1 in. wide, were cut in the lower face 
of the foot to allow distribution of the 
abrasive. 

Tests D (Table III), E (Table IV) 
and F and G (Table V) were made with 
the foot illustrated in Fig. 2. It was 
thought that the eccentricity of the 143- 
in. hole would provide better distribu- 
tion of the abrasive and hence improve 


_ TABLE V.—COMPARISON OF ABRASIVE LOSS ON DRY AND ON Waser. SATURATED BRICKS SELECTED 
, FROM THE 1936 EXPOSURE TEST 


Description of Bricks 


Results of Tests 


Locality 


Method of 


Abrasive Loss, Water Absorp- 
g- 


tion, per cent 


24-hr. 
cold 


5-hr. 
boiling 


Q. 
= 


Texas 
Pennsylvania 
Hudson Valley 
Philadelphia 
exas 
West Virginia 
West Virginia 
Pennsylvania 


: 


oo 
un 


8.2 9.3 


@ These numbers designate the same grades of the same manufacturers but not the same specimens as the correspond- 


ing numbers in Table III 


This should not be confused with the 
- apparatus described by Kessler in 1928.° 
_ The portable machine consists essen- 
- tially of a vertical, hollow, loaded shaft, 
_ the lower end of which is fitted with a 
disk-shape foot. The shaft with its 
attached foot is free to move vertically 
and is rotated by a motor. Abrasive 
(No. 60 corundum or silicon carbide) 
is supplied from the top through the 


6D. W. Kessler, ‘‘The Development of an Apparatus 
Fal Tests on Flooring Materials,” Proceedings, Am. 
Testing Mats., Vol. 28, Part II, p. 855 (1928). 


the reproducibility of the tests, but no 
systematic difference in the results was 
observed. Neither did any significant 
differences appear in the action of No. 
60 corundum (tests A, B and C) com- 
pared with No. 60 silicon carbide. 


Abrasive Test by Dry Method: 


The method of test consisted in 
supporting the brick on edge under the 
foot so that the upper face of the brick 
was level and provided a reasonably 
uniform bearing for the foot. Except 
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bi 
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Test F, | Test G, |PTSSIVE| of 
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in the case of test A, a preliminary 
grinding was conducted long enough to 
produce a smooth bearing surface before 
measurement was begun, after which 
the brick was cleaned by vigorous 
brushing, weighed to the nearest 0.01 g., 


Fic. 1.—Kessler Portable Abrasion Testing 
Apparatus. 


A specimen. B abrasion disk. C weight. D hollow 
shaft. E hopper for abrasive. F motor. 


and replaced under the foot. The ma- 
chine was then operated for 5.0 min. 
at a speed of 100 r.p.m. with the abrasive 
flowing at 3 to 4 g. per min., and a 
total load of 4.0 kg. acting on the foot, 
and the resulting loss in weight of the 
brick was determined. 
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Abrasive Test by Wet Method: 


Test G differed from tests A to F 
in that it was made on bricks saturated 
with water and totally immersed in 
water during the process of abrasion. 
Preliminary grinding of the face was 
done on the dry bricks as in tests B to F. 
The specimens were weighed, boiled in 
water for 5 hr., cooled overnight under 


water and then tested. During test the 
level of the water stood approximately 
% in. above the top surface of the brick. 
The flow of abrasive for tests F and G 


3 diam. dri// 


for wrench 


Fic. 2.—Diagram of Abrading Disk with Ec- 
centric Hole. 


was 4 to 5 g. per min. and in test Ga 
small flow of water (5 ml. per min.) 
was used to wash the abrasive down the 
shaft. After abrasion the specimens 


were dried for 5 days at 120 C., brushed 
and reweighed. 


Special Abrasive Tests: dine 


The data recorded in Table I were 
obtained by the following methods: On 
bricks Nos. 1 and 2, the grinding disk 
with concentric hole and radial slots 


Hexagonal socket — 


was used. Bricks Nos. 3 and 4 were © 


tested by use of the disk with eccentric 
hole (Fig. 2). No preliminary abrading 
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of the faces of bricks Nos. 1 and 2 was 
done. On bricks Nos. 3 and 4 the 
apparatus was operated until a com- 


plete circular depression was worn on 


the specimen before taking the initial 
weight. Each of the tests Nos. 1 to 6 
on bricks Nos. 1 and 2 was made on a 
different portion of the brick. After 
each abrading interval (1, 3, 5 and 10 
min.) the specimen was cleaned and 
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Discussion oF DATA 
Reproducibility of Data: . 


From the data presented in Table I, 
the following conclusions appear to be 
justified: 

1. Different portions of the same 
brick have different resistances to 
abrasion. 

2. For an easily abradible brick, the 
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ss Fig, 3.—Relation Between Abrasive Loss and Compressive Strength. 


reweighed and replaced in the same 
position it previously occupied. == 


Strength and Absorption: 


All strength and water-absorption 
measurements were made according to 
Standard Methods C 67 - 39 of the 
Society.’ 


7Standard Methods of Sampling and Testing Brick 
(Modulus of Rupture, Compressive Strength, Absorption) 
(C67 -39) , 1939 Book of A.S.T.M. Standards, Part II, p. 104. 


average rate of abrasion decreases with 
increasing duration of test period. 

3. For a brick with a low abrasive 
loss, the rate of loss in grams per minute 
is little affected by duration of the test 
within the limits reported. 

Conclusion 1 is explained by lack of 
homogeneity of the brick. The effect is 
particularly noticeable in bricks of low 
compressive strength since in such bricks 
small differences in strength are asso- 
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ciated with large differences in abrad- 
ibility (see Fig. 3). 

The obvious explanation of the phe- 
nomenon reported in conclusion 2 is 
that the abrasive becomes diluted with 
brick dust as the hole deepens. The 
data providing conclusions 2 and 3 also 
provide justification for a preliminary 
abrading of the test specimen since the 
rate of loss is more uniform after the 
first minute. 

Since the data of Table I were ob- 
tained on a variable material, they 
provide little information on the repro- 
ducibility of the test. In six tests made 
on adjacent portions of a single piece of 
plate glass which gave an average loss of 
1.23 g. in 15 min., it was observed that 
the range in abrasive results was within 
+2.5 per cent of the average. 


Relation of Abrasive Resistance to Strength 
of Bricks: 


Figure 3 illustrates the relation 
between the abrasive loss and the 
compressive strength of the bricks 
reported in Tables II to V. In Fig. 3, 
the abrasive losses reported for tests A 
and B have been averaged for each brick. 
Since there appeared to be no systematic 
differences between the results of tests 
A, B, C, D and F, these results are not 
separated as are those of tests E and G. 

The points tend to fall in a rather 
well-defined band following a curve of 


hyperbolic form. The circled point on’ 


the 2.0-g., 3650-psi. coordinate provides 
an exception to this statement. This 
point represents the test on a Chicago 
common brick which is peculiar in that 
its compressive strength tested endwise 
is much higher than when tested flatwise. 
The average strength of 25 of these 
bricks was 3910 psi. tested flatwise, and 
of a comparable sample of 25 similar 
bricks tested on end was 7030 psi. If 
this higher value for compressive 
strength were plotted against abrasive 


loss in Fig. 3, the resulting point would 
fall very close to the line representing 
the average relation. 

Test E (Table IV) was made on a 
series of dry-press bricks having rela- 
tively high water absorptions in relation 
to their strength. The abrasive losses 
on these bricks were usually higher than 
those on bricks having similar compres- 
sive strengths but lower absorptions. 

Test G (Table V) differed from all 
other tests in that the bricks were 
saturated with water before abrading 
and were tested under water. Although 
Fig. 3 indicates that the results of test G 
did not differ appreciably from those of 
tests A, B, C, D and F, a direct compari- 
son of tests F and G (Table V) shows 
that in 6 out of 8 cases test G gave a 
greater abrasive loss. The only speci- 
men (No. 3) which gave an appreciably 
greater loss with test F was also the 
most abradible of the series. Clogging 
of the wet abrasive may explain this 
reversal. The differences, however, in 
the results of the two methods do not, 
in general, appear to be important. 

The average results from some of 
Schuyler’s data,* obtained by use of a 
centrifugal sand blast, are shown in 
Fig. 3 for comparison with the data 
from the present investigation. Schuy- 
ler’s data include, in addition to the 
results indicated in Fig. 3, a loss of 
80 g. obtained on a brick of 1900-psi. 
compressive strength. Schuyler’s meth- 


od is obviously more severe than the © 


method described in this paper. His 


curve is displaced in the manner that | 


would result from increasing time or 


load with the Kessler machine, but the 


shape of the two curves is approximately 
the same. Both curves indicate that 


bricks exceeding 8000 psi. in compressive — 


strength are relatively resistant to 


8 Mont Schuyler, “‘A Machine for Testing Clay Prod- 
ucts,” Proceedings, 
Part II, p. 557 (1914). 
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abrasive wear and that for bricks of low 
strength (less than 4500 psi.), small 
strength differences are associated with 
large differences in abrasive resistance. 
Plotting modulus of rupture (Tables 
II to V) against abrasive loss would 
give a relation closely resembling that 
shown in Fig. 3, with the difference that 
the individual points show a_ wider 
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test. There is a small but definite 
trend toward lowered abrasive loss as 
absorption decreased from 10 per cent 
and approached zero. As the absorption 
increased above 10 per cent, the trend 
toward higher abrasive loss increased, 
but the scatter in results became very 
large. All losses exceeding 10 g. were 
obtained on brick exceeding 23.6 per cent 
in absorption. 


D and F 


¢ Average of Tests A and B, and 
Individual Results of Tests 


4 
x Individual Results of Test E 
© Individual Resu/ts of Test G 
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Fic. 4.—Relation Between Abrasive Loss and Water Absorption by 5-hr. Boiling. 


the fact that moduli of rupture are 
affected by kiln cracks, laminar struc- 
ture, and nodules. 


Relation of Abrasive Resistance to Water 
Absorption of Bricks: 


Figure 4 shows that the abrasive loss 
tended to increase with the amount of 
water absorbed by 5-hr. boiling. All 
bricks with absorptions less than 10 per 
cent lost less than 1.3 g. in the abrasion 


It will be noted from Fig. 4 that the 
abrasive losses recorded for test E are 
about average in comparison with other 
bricks of the same absorption, while Fig. 
3 shows that they had somewhat high 
abrasive loss in comparison with other 
bricks of the same strength. Both 
figures should be considered in predicting 
abrasive resistance from the other prop- 
erties, since Fig. 3 fixes the abrasive 
loss within fairly close limits, but Fig. 4 
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enables us to apply a qualitative cor- 
rection, which in the case of test E 
would suggest that these points in Fig. 3 
would be above the curve. 

The results of water absorption de- 
termination by 24-hr. cold immersion 
could be substituted for absorption by 
5-hr. boiling in Fig. 4 without material 
change in the nature of the relation. 


SUMMARY AND CONCLUSIONS 


The Kessler portable abrasion tester 
was used to determine the comparative 
abrasive resistance of approximately 
50 clay, fire-clay, and shale bricks of 
known strength and absorption. These 
bricks had been selected to represent 
the maximum range in properties com- 
mercially available. 


From the data 


here presented the following conclusions 
appear to be justified: 

1. The abrasive resistance of bricks 
increases with their compressive 
strength. Plotting abrasive loss against 
compressive strength gave points which 
fall in a band of hyperbolic form. 

2. The abrasive resistance of bricks 
decreases as water absorption increases. 
This relation is rather definite for 
bricks with absorption by 5-hr. boiling 
less than 10 per cent. Above 10 per 
cent the scatter becomes very large. 

3. Under the conditions of test, abra- 
sive losses determined on bricks satu- 
rated with water were not significantly 
greater than those determined on the 
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Mr. H. C. PLrummer! (presented in 
written form).—The data presented by 
Mr. McBurney have been of particular 
value to the Sewer Brick Subcommittee 
of Committee C-15 on Manufactured 
Masonry units in revising the Standard 
Specifications for Sewer Brick (C 32 - 
24).? 

Abrasive resistance has long been 
recognized as one of the principal re- 
quirements of sewer brick and while the 
data are meager as to the abrasive ac- 
tion of various types of sewage at dif- 
ferent velocities, the consensus of those 
concerned with the problem has been 
for some time that the inverts of sewers, 
particularly those carrying sewage at 
fairly high velocities (8 ft. per second 
and over), should be constructed of 
materials having a high resistance to 
abrasion. 

Specifications C 32-24 set up four 
grades of sewer brick: Class A Vitriied, 
with average absorption of 3 per cent or 
less; Class B Vitrified, with average ab- 
sorption of 5 per cent or less; Hard, 
with average absorption of 5 to 10 per 
cent, and Medium, with average ab- 
sorption of 10 to 15 per cent. 

Presumably, the maximum absorp- 
tion together with the minimum strength 
requirements were supposed to be a 
measure of the abrasive resistance as 
well as other desirable properties of the 
various grades, and it was assumed that 
there were significant differences in the 
abrasive resistance and other properties 
of each grade. 

1 Director of Engineering and spaqqeech, Structural 


Clay Products Inst., Washingto c. 
2 1936 Book of A.S.T.M. ack. Part II, p. 134. 
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DISCUSSION 


The data presented by Mr. McBurney 
indicate that there is a relation between 
absorption and abrasive resistance, and 
that, in general, bricks with low absorp- 
tion have higher abrasive resistance than 
brick of higher absorption. However, 
as indicated by Fig. 4, this relationship 
is by no means linear, and for absorp- 
tions of 10 per cent and under, there 
seems to be only a slight increase in 
abrasive resistance with decrease in 
absorption by 5-hr. boil. For the speci- 
mens tested, the difference in abrasive 
loss between the bricks of 3 and 10 
per cent absorption was only 0.5 g. 
Certainly the difference in abrasive 
resistance of 3 and 5 per cent absorption 
brick could hardly be _ considered 
significant. 

In the new Tentative Specifications 
for Sewer Brick (Made from Clay or 
Shale) (C 32-39T),? three grades of 
brick are included: SA with an average 
absorption of 6 per cent or less; MA with 
an average absorption of 12 per cent or 
less, and NA with an average absorption 
of 20 per cent or less. These specifica- 
tions conform more nearly to Mr. 
McBurney’s data in grading brick ac- 
cording to their abrasive resistance. 
However, since his data indicate that no 
losses exceeding 2 g. are associated with 
brick of absorption of less than 10 
per cent, the average maximum of 6 
per cent and individual maximum of 9 
per cent for the top grade appear con- 
servative. The data justify an average 
of at least 7 per cent and an individual 
maximum of 10 per cent. 


31939 Book of A.S.T.M. Standards, Part II, p. 925. 
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The compressive strength requirement 
for “Class A Vitrified” brick in C 32 - 24 
was an individual average and minimum 
of not less than 5000 psi. The “Class B 
Vitrified” brick had the same require- 
ment for average strength but permitted 
an individual minimum of 4000 psi. At 
first glance, the compressive strength 
requirement for grade SA of C 32-39 T 
(average of 5 bricks no less than 8000 
psi. and individual minimum not less 
than 5000 psi.) appear to be materially 
higher than the corresponding require- 
ments in C 32-24. Actually the com- 
pressive strengths are not directly com- 
parable because C 32-39T requires 
testing flatwise while C 32-24 pre- 
scribes testing on edge. Bleininger* 
reported, on the basis of 176 tests, that 
the average ratio of compressive strength 
flat to compressive strength on edge was 
1.153 and “individual tests vary widely 
from the average ratio.” McBurney® 
gave no averages but concluded that 
“the ratio compressive strength of brick 
flat to compressive strength of brick on 
edge ranges from 0.74 to 2.3.” 

From Fig. 3 it appears that a mini- 
mum compressive strength of 11,000 
psi. would correspond to the maximum 


4A. V. Bleininger, ‘“‘The Relation Between the Poros- 
ity and Crushing Strength of Clay Products,” Trans- 
actions, Am. Ceramic Soc. Vol. 12, pp. 564-584 (1910). 

5J.W. McBurne q “The Compressive and Transverse 
Strength of Brick,” Journal of Research, Nat. Bureau 
Standards, Vol. 2, ‘April, 1939, pp. 821-835 (R.P. 5Y). 
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of 10 per cent by 5-hr. boiling in terms 
of limiting abrasive loss to 2 g. Thata 
compressive strength of 11,000 psi., 
like 10 per cent absorption, limits bricks 
to a 2-g. loss in weight may be chance. 
It is an interesting coincidence that 
tests on over 2100 bricks indicate that a 
minimum of 11,000 psi. for strength 
and a maximum of 10 per cent in ab- 
sorption would be necessary to guarantee 
that no bricks lose more than 3 per cent 
in weight subjected to 50 cycles of 
freezing and thawing. 

The average maximum absorption by 
5-hr. boiling (12 per cent) prescribed 
for the MA grade limits abrasive loss 
to 4.0 g. The individual maximum 
(16 per cent) permits a 6.0-g. loss. The 
two specimens with absorptions less than 
16 per cent which have abrasive losses 
exceeding 9.0 g., have compressive 
strengths less than 5000 psi. which is the 
corresponding average minimum for 
grade MA. The 10 per cent limit on 
absorption for the corresponding “hard” 
grade of C32-24 may have been 
selected for the reason that shale bricks 
with absorptions above 10 per cent may 
be “underburned.” A requirement of 
a maximum saturation coefficient (C/B 
ratio) of 0.80 would eliminate ‘“‘under- 
burned” shale brick and at the same 
time permit the use of certain clay 
bricks which do not require absorption 
limits as low as 10 per cent.” 
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THE MECHANICS OF GRANULAR AND GRANULAR-PLASTIC MA- 


TERIALS, WITH SPECIAL REFERENCE TO BITUMINOUS ROAD 
By V. A. ENDERSBY! aml 440 
af SYNOPSIS 

The object of the investigation was to separate, more definitely than hereto- 
fore, the respective functions of aggregate and binder in bituminous mixes. 
The method followed was the triaxial test, with study of void changes. 
Results were evaluated by the Mohr circle diagram. A means was found for 
separating certain nonfrictional and noncohesive resistances of a primarily 
dimensional nature from values of apparent friction and apparent cohesion, 
thus leading to a clarification of the conceptions of granular-plastic action, 
a method of evaluating the errors involved in applying the classic formulas to 
conditions where dimensional effects exist, and a method of determining the 
functions of bitumen versus aggregate in triaxial road mix samples of various 
height diameter ratios. 

It was found that in order to correlate tests with practical conditions, the 
absolute dimensions of the specimen, its proportions, the maximum particle 
size, the temperature, and the speed, must all be considered. These same 
phenomena need study in soil mechanics as well as in bituminous road work, 
for the purposes of securing consistency of results between investigators and 
correlating theory with practical application. 


The investigations described here were cohesive materials. This form of plas- 


undertaken for the purpose of analyzing 
the contribution of asphalt to the me- 
chanical stability of mixes, this being a 
principal one of its complex functions in 
the pavement. Such analysis can only 
be made by means that are capable of 
measuring all forces acting within the 
complete system. 

The various forms of resistance to ex- 
ternal forces, presented by matter in 
general, may be elastic, frictional, vis- 
cous, or plastic, or any combination of 
these. In road materials as a class, re- 
sistance is considered to be frictional in 
noncohesive materials, and plastic in 


1 Research Engineer, Shell Development Co., Emery- 
ville, Calif. 
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ticity is due to the combined effect of 
internal friction and internal cohesion. 
In cases where the cohesive agent is very 
resistant, elastic phenomena are found, 
but with bituminous binders, except 
under conditions of high loading speed, 
low temperature, or very hard binder, 
the phenomena are essentially plastic, in 
the sense that no spontaneous restora- 
tion of form of a deformed specimen 
occurs upon removal of load. Since, 
with viscous materials, such as asphalt, 
the least resistance to shear occurs at the 
slowest loading speed, this condition 
represents the logical approach to a 
study of shearing phenomena. In the 
studies described, a temperature of 77 F. 
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was employed, because it is easy to use, 
probably represents a good year-round 
average, and brings out the role of the 
binder more clearly than does a higher 
temperature. 


MECHANICS AND MATHEMATICAL 
oF EXPERIMENTAL METHODS USED 


A body of material in a pavement is 
subjected to a combination of vertical 
load and lateral restraint. Under cer- 
tain conditions, tensile and flexural phe- 
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fulfilled by the triaxial test when com- 
bined with the Mohr diagram type of 
representation of results. 

The triaxial test is a compression test 
made upon a cylindrical specimen to 
whose sides are applied hydraulic pres- 
sure. In our work this is carried out by 
enclosing the specimen in a rubber tube. 
Details of the equipment will be found 
in Fig. 1, while Fig. 2 shows a general 
view. 

With a cohesive specimen it is only 
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nomena become important, but are not 
dealt with here. Experimental means of 
measuring the effect of this combination 
are called for. In addition, an analysis 
of the respective functions of binder and 
aggregate require a method which will 
show the cohesion and friction as sepa- 
rate forces. All these conditions are 
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WITH CENTERING HOLE 


CENTERING PIN IN BASE PLATE 


Fic. 1.—Triaxial Testing Apparatus. 


necessary to slide it into the tube, un- 
fastening one of the clamps after the test 
in order to remove the deformed ma- 
terial. 

A noncohesive specimen is vibrated to 
compaction in the rubber tube, which 
remains mounted on its base, and is en- 
closed in a split mold. Inside the mold 
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and around the tube is a paper sleeve 
fastened with water-soluble glue. This 
is left in place to maintain the diameter 
until the specimen in its tube is placed in 
the outer cylinder. The paper falls off 
when the glue is softened by the sur- 
rounding water. 

With both cohesive and noncohesive 
materials, the plunger of the apparatus 


dina ‘a 


is set carefully upon the specimen, the 
outer cylinder is filled with water, care 
being used to exclude bubbles, and the 
cap of the outer cylinder is screwed 
down, a valve being left open to prevent 
generation of pressure as the gasket com- 
presses. The assembly is then placed in 
the testing machine, the head of the ma- 
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chine brought carefully into contact with 
the plunger, and pressure is applied by 
the screw pump, after which vertical 
load is applied at constant speed. 

The following general methods of test 
are possible: 

(a) It is assumed that the material is 
linear-plastic: that is, that under a con- 
stant rate of deformation all forces are 


tae. . 


Fic. 2.—Emeryville Triaxial Apparatus in Position in Testing Machine. 


constant and independent of extent of 
deformation. By this method a pre- 
determined lateral pressure is applied 
and maintained by operation of the 
pump and bleeder valve, while the ver- 
tical loading is watched until it also 
becomes constant. The values are re- 
corded, and the pressure is stepped up, 
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the process being repeated as desired. determined. For cohesive materials, the 
At least three pressure-stages should be first — should be at zero lateral load, 
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Fic. Fro. 3. of ompression Failure. 
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Two-Point Diagram 


Fic. 4.—Elements of the Mohr Diagram. 

covets Alternatively, the test may which is equivalent to an ordinary com- 
start with a high pressure, which is pression test. 
gradually dropped; and it is merely a (6) A stress-strain curve is recorded 
matter of convenience whether the ver- for a new specimen at each stage of pres- 
tical load or the lateral pressure is pre- sure; any number of Mohr diagrams can 


ro 


h 
al 
5 4) yi | 
| 
\ 
= 
4 
of 
ad 
he 
sO 
P; 


1158 


then be made, each corresponding to a 
different stage of strain, this stage being 
the same for each specimen for a given 
diagram. For instance, method (a) cor- 
responds to that stage of the stress-strain 
curve where the peak is well past and 
the curve has flattened out, parallel with 
the strain axis. 

In the Mohr diagrams following, 
method (a) is used for illustration. In 
most materials, however, a true linear- 
plastic condition can be only approxi- 
mated, because of the extensive duration 
of void changes during deformation. 

Where void changes are studied, the 
volume of water extruded through the 
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Fic. 5.—Compression-Tension Diagram and 
Elements of Compressive Strength. 
(a) Compression-tension diagram. 


(b) Elements of compressive strength. 
bleeder valve is compared with the piston 
travel. 

The derivation of the Mohr diagram 
through Coulomb (10),2 Mohr (10), 
Prandtl (11), and Buisman (2), and its 
basic application to bituminous ma- 
terials by Pfeiffer and associates (10), 
need not be repeated in detail, but the 
diagrammatic development is herewith 
presented for the convenience of investi- 
gators (Figs. 3 to 5). 

Briefly, a semicircle is inscribed on the 
horizontal axis, as shown; if only fric- 

2 The boldface numbers in parentheses refer to the re- 


ports and papers appearing in the Bibliography appended 
to this paper, see p. 
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tional resistance is present, a line tangent 
to the circle, passing through the origin, 
has an angle with the horizontal equal to 
the angle of internal friction, and all such 
circles are tangent to the same line, 
which is the “Mohr Envelope.” If a 
constant resistance, independent of load- 
ing, is present, the diameter of each 
circle is increased by a corresponding 
constant quantity, so that the slope of 
the line remains constant, but there is 
now an intercept on the vertical axis; in 
other words, the origin of the line is 
shifted. In this case, as shown in Fig. 
5(a@), a negative circle (tensile stress) can 
be drawn. The full Mohr diagram thus 
expresses the complete mechanical be- 
havior of the material under the given 
testing conditions. 


Cohesion and Lateral Pressure: 


Cohesive materia! will hold its form 
without lateral pressure, and the re- 
sulting resistance under vertical load is 
called ‘‘compressive strength.” It is 
represented by a Mohr circle where lat- 
eral pressure is zero. Noncohesive ma- 
terial cannot do this, but in some cases 
only a very slight lateral pressure is 
necessary for high resistance to appear. 
This is because lateral pressure holds the 
particles in place; in this sense internal 
cohesion and external lateral pressure are 
interchangeable. 


The Curved Mohr Envelope: 


In practice, the envelope is usually 
found to be curved. Such curvature 
makes an analysis impossible because of 
the number of interpretations possible 
from a single curved envelope, so long 
as we assume that only frictional and 
cohesive resistances are present. This 
is shown in Fig. 6, (a) to (c), where it is 
seen that the curvature could be ac- 
counted for by a variation with load, of 
angle of friction, ¢, of cohesive shearing 
resistance, C, or both. If we assume a 
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(a) C Constant 
¢ Varies 


(b) Cand 


Zero for Noncohesive 
Materials 


(c) ? Constant, C Varies 


¢ for Infinite 
Body 
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Section (d): 


| 


gee 


A= Frictional Part of Vertical Load PI for Lateral Pressure P3 
wae 8=Structural Part of Vertical Load Pl for Lateral Pressure P3 


"4 


D= Structural Equivalent of Lateral Pressure for Pl 


Fic. 6.—Interpretations of the Mohr Diagram. 


| 
ua | Showing Major and Local Trends 
| A,8,C, Individual Samples | 
_|  1,2,3, Order of Circles 


8 


2 


\3 


-in. Aggregate 


Ottawa Sand | 
200 300 400 500 600 


Pl =Vertical Loading, psi. 


100 


Fic. 7.—Typical Apparent Friction Diagrams. 


variation of C, the basic theory is invali- 
dated because we thus assume a variable 
constant, and a meaning must be given 
to the diagram other than that assigned 
it to by Mohr. The simplest approach 
to the problem is to eliminate the con- 


stant altogether by using a noncohesive 
material, and then investigate the pos- 
sibility of changes in the angle of friction 
due to differential loadings. 

In shear box tests, it is known that the 
apparent angle of friction decreases with 
increased loading. We made tests of 
the parallel phenomenon as it appears in 
the triaxial specimen (Fig. 7). The ap- 
parent angle of friction is calculated by 
the method of Fig. 6(a), using the value 
of C as zero. Here the same tendency 
appears as is shown in the shear box, but 
we find the apparent angle of friction 
tending toward infinity as the load ap- 
proaches zero. The existence of any 
true value of ¢ exceeding 45 deg. at the 
outset appears very dubious. 
parison was then made with some tests 
made by Hatch (5), who used very large 
shear boxes (Fig. 8). 
that while the curves are similar, those 
for the shear box are much flatter, and 
the apparent values lower. The evi- 
dence is very strong for some structural 
effect which is not true friction and which 
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is vitally affected by type of apparatus 
or dimensions or both. 

Before investigating these factors, 
however, it was thought advisable to 
deal with the theory that the decline of 
friction with increase of loading in shear 
boxes is due to polishing or degradation 
of particles, or both. It was found that 
such effects were present, at least to 
some extent. Actual degradation can be 
observed and measured by sieving. Be- 
sides this, when a specimen of normal 
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loads are decreased while deformation is 
increasing at a constant rate, and if 
greatest decrease of friction occurs at 
highest loads, the curve thus produced 
should be flatter than that produced by 
starting with light loads and increasing 
them as deformation proceeds; and it 
might even be reversed. Owing to the 
fact that apparent friction is known to 
increase as voids decrease, careful study 
of void changes during deformation was 
made also. The results of reversing the 
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_ Fic. 10. Void-Deformation Curves. 


sand or gravel is used and recompacted 
several times, the curve for load versus o 
will become somewhat fiatter and lower 
in position, and the material will become 
more compactible. Experiments were 
undertaken for the purpose of discover- 
ing the probable magnitude of this 
effect. It was first reasoned that since 
extent of deformation, and magnitude of 
load, must both be factors producing 
polishing or degradation, variation of one 
of these factors at a time should be pro- 
ductive of information. If, for instance, 


loads threw little light on the problem of 
degradation and polishing; it was found 
that with reversed loading, some flatten- 
ing of the curve occurred in some—not 
all—cases; but that the voids were also 
higher at low loads when loading was 
reversed, which would presumably pro- 
duce a similar effect. In no case of com- 
pacted materials was the curvature 
actually reversed or even eliminated. 
Figure 7 shows, in the case of Ottawa 
sand, reversed loading; it is typical of nu- 
merous other samples so tested. 
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_ The effect of prolonged deformation 
under constant loading was next tried 
(Fig. 9). It is evident here that some- 
thing besides friction is present as a re- 
sisting factor. There is no systematic 
decline of apparent friction within the 
limits of deformation used in previous 
experiments; the more consistent ulti- 
mate decline which is seen would be 
equally well explained by any other 
factor which would produce a curved 
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toward a rhythmical increase and de- 
crease of voids as they move out of one 
formation into another. 

All these facts taken together tend to 
prove a resistance which is not subject 
to the mathematics of friction, but de- 
pends rather upon variable particle ar- 
rangements which transmit loads in some 
other manner. Asa final proof, polished 
bearing balls and lead shot were tested 
(Figs. 11, 12, 13). These steel bearing 
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Mohr envelope; and it is hard to imagine 
that a material which is being polished 
or degraded under progressive deforma- 
tion should suddenly become rough and 
coarse again, which would be the ex- 
planation of the sudden reconstitution 
of resistance seen in several cases. A 
quasi-rhythmic factor appears in these 
curves. This also appears in the cor- 
responding void-effect curves (Fig. 10). 
When a model made of Raschig rings is 
deformed, it is noted that the rings tend 
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Fic. 11.—Angle of Apparent Friction and Void Content Under Deformation at Decreasing Load 


balls could not either polish further, or 
degrade, under the loads used; but they 
gave an excessively sharp curvature in 
the Mohr envelope. (One other factor 
is present: if the specimen is expanding 
under test, an excess energy input is re- 
quired at the piston, in. order to force 
the surface outward against the water 
face. Calculation of this, which is posi- 
tive in expansion and negative in con- 
traction, showed that it does affect the 
curvature of the Mohr envelope, but 
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tion effects only. Quantitative reproducibil- 
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proven for the importance of a nonfric- 


tional type of resistance, to which we 

gave the name “granular structural.” 
In the literature has appeared recogni- 
tion of such a resistance; Pfeiffer (10) 
recognizes an “interlock” as separate 
from friction and cohesion; Housel (6) 
has disputed the validity of the idea of 
“friction” at all, and has advanced a 
partial mathematical analysis on that 
, basis. In general, “interlock” is often 
500 500 spoken of as one of the forces contribut- 
7 ing to friction. Because of that use of 

ormal, Vertical and Lateral Pressures, psi. 
, the term, we prefer a new one; but be- 
Fic. 13.—Typical Mohr Envelopes for Dry 

Granular Materials. cause “arch action” (6) appears to be an 
Note.—These envelopes are averaged from a number incomplete designation for the force 
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being columns rather than arches, we 
did not use that either. 

In order to give a mathematical value 
to this force, it is now necessary to form 
a conception of how it acts. 


DISTRIBUTION OF PRESSURES IN THE 
TRIAXIAL TEST 


If a bituminized specimen of low 
height—diameter ratio (H/D) is dis- 
sected after deformation, the end cones 
will be found blunted and the particles 


chy 
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mens, the blunted, paraboloid cones, 
with concentrated central stress, are 
suggestive of true arch action. But, at 
any dimensions of the specimen, it can 
logically be assumed that numerous par- 
ticles will fall into an arrangement 
whereby lines of stress are transmitted 
in a zig-zag manner, but with a direct 
vertical resultant, from the plunger of 
the apparatus to the base. If the ma- 
terial is moving in full sectional shear, 
such individual lines would be constantly 
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“Fi. 14.—Structural Functions in Cylindrical Test Specimens; Plastic Areas Shaded. 


on the ends will show stripping and 
breakage. Thus in specimens of such 
dimensions we may assume, for the non- 
cohesive as well as the cohesive ma- 
terials, that the excess resistance over 
friction is concentrated in the central 
area. However, we find curved Mohr 
envelopes for materials where the cones 
have not interfered according to either 
visual inspection or theory, that is, where 
the full section has been sheared without 
apparent central concentration of re- 
sistance. In the case of the low speci- 


broken up and reconstituted. In a 
specimen of considerable height, they 
would be fairly independent of any rea- 
sonable extent of deformation. A sim- 
plified representation of the interaction 
of these factors is shown in Fig. 14, where 
they are shown in terms of coexistent 
arch and column action. 

These forces can be considered in the 
following dimensional stages: 

(a) The specimen has a high H/D 
ratio, exempt from cone interference: In 
this case arching is inactive, column ac- 


tior 
exte 
enc 
= ratl 
colt 
gin 
A Cc High Stress 
* 
art 
lov 
sal 
ne 
ral 
cal 
CO! 
ve 
th 
pe 
m: 
te 
of 


tion is weak and largely independent of 
extent of deformation. 

(b) Cones are in moderate interfer- 
ence: Here column action has become 
rather strong and strong arch action is 
coming into play. The extent of defor- 
mation is beginning to have an effect, as 
column action is increasing progressively 
and at the same time the excess stress 
necessary to break up the original for- 
mation of particles in the cones is be- 
ginning to contribute to resistance. 

(c) Cones are in strong interference: 
Column action has become very strong, 
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of the cone, produces a constantly rising 
stress-strain curve without any maxi- 
mum. This is the opposite of the condi- 
tion in a tall specimen, where the 
stress-strain curve tends toward a 


straight line independent of strain. = 


Mour ANALYSIS OF GRANULAR- on 
STRUCTURAL RESISTANCE 


The case would be hopelessly complex 
if it were necessary to completely sepa- 
rate all the above factors in resistance. 
For practical purposes it is only neces- 
sary to recognize that their resultant is 
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Fic. 15.—Structural Influences in 4-in. Diameter Specimens. — 


arch action is weakening because of the 
low ratio of height to span, but at the 
same time increasing force is becoming 
necessary to rupture the original ar- 
rangement of particles in the cones, be- 
cause the movement of particles is be- 
coming perpendicular to the applied 
vertical force. Under this condition also, 
the arch resistance is increasingly de- 
pendent upon the friction between the 
material and the base, and upon the 
presence of cohesion in a cohesive ma- 
terial. In some cases the rapid increase 
of column strength, and the force neces- 
Sary to rupture increasing cross-section 


vertical and to assume that they are 
primarily dimensional. A series of Mohr 
envelopes at changing dimensions will 
then produce an extrapolation curve 
giving an approximately true value of 
angle of friction (approaching the value 
in an infinite body). We can then use 
this value to draw a basic straight en- 
velope passing through the origin, and 
this leads to the solution shown in 
Fig. 6 (d). 


Examples of the 
Analysis: 


Application of the 


Four dry aggregates, each (with the 
exception of No. 1) graded to the same 
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type of maximum density curve and so 
constituted that each formed a fraction 
of the next largest size, were synthesized 
to maximum screen sizes of No. 200, 
No. 10,}in.,andiin. In turn, particles 
passing No. 50 screen were removed 
from the No. 10 grading, producing ag- 
gregate 2A, and particles passing No. 10 
screen were removed from each of the 
larger gradings, producing aggregates 
3A and 4A. These were then tested in 
the 4-in. diameter apparatus at various 
H/D ratios. The results in total and 
structural stabilities are shown in Fig. 
15. In only one case, of the open- 
graded sand, was a purely frictional re- 


one Close Graded, Bulk Density 
4a Open Graded, Bulk Density 1.98 
—— Close Graded , Bulk Density 2.404 
Vertical Resistances at 5psi. 
Lateral Pressure. 


Her Structural 


100 200 O 100 
Vertical Loading , psi. 


Fic. 16.—Influence of Bulk Density Variations 
on 1-in. Aggregate. 


sistance (straight envelope) found, 
though the No. 200 dust almost reached 
that status. 

The following points were noteworthy: 

Angles of Friction.—All three close- 
graded aggregates have angles of fric- 
tion differing little within the limits of 
aceuracy of such methods. The open- 
graded sand has the same angle as the 
close-graded sand. The _ two ~ open- 
graded gravels have lower angle of fric- 
tion than the close-graded aggregates, 
but resemble each other. In the close- 
graded materials, friction increases 
slightly with large increase of bulk den- 
sity, while in the open-graded it decreases 


200 300 
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greatly with a light increase of bulk 
density. This leads to two suppositions;: 

(a) That density affects structure 
greatly but affects friction little; 

(6) The gravel fractions have less 
inherent friction than the sand. The 
exact contribution of the fines to the 
friction of the mix is dubious. They 
may act in somewhat the same manner 
as grit in a bearing, presenting resist- 
ance to movement by the force neces- 
sary to roll angular particles between 
larger surfaces. 

Comparison of the shapes of envelopes 
for the close and open-graded mixes also 
indicates that loading in the close-graded 


---3-in. diam. Specimens 
——4-in diom. Specimens at same H/0 Ratios 
Lateral Pressure 5 psi. in all Cases 


‘ 
regate 2, \ A ote 4, 
he \\ ting sorte 4 


| | 
100 200 0 100 200 300 
Vertical Resistance, psi. ~ 


Fic. 17.—Influence of Variation of Specimen 
Diameter. 


material may not have been carried out 
far enough to reach a true value of fric- 
tion (Fig. 19). 

Maximum Particle Size-——The influ- 
ence of these differences is slight at 
great H/D ratios, great in low specimens 
whose dimensions correspond with road 
practice. 

Types of Density——Density may be 
varied by changing the grading, by 
changing the degree of compaction, or 
by deforming under triaxial pressures. 
Typical results of variations for aggre- 
gate No. 4 are shown in Fig. 16. Lack 
of compaction acts like reducing the 
maximum particle size; and the con- 
vergence of structural resistance of the 
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different densities around H/D=3 is 
noticeable. The influence of changes of 
density during deformation cannot be 
described easily. 

Influence of Absolute Dimensions of 
Specimens.—Our investigation oi the in- 
fluence of absolute dimensions of speci- 
mens has been brief; initial results as 
shown in Fig. 17 should be regarded with 
caution. If further substantiated, the 
peculiar relationship between the curves 
for the 3-in. and for the 4-in. diameter 
cells may be ascribable to the complex 
relations between slenderness ratios of 
individual columns within the material 
and the mass column formed by the 
whole specimen, also the variable influ- 
ence of arch and column action. Figure 
17 is introduced at this stage to call at- 
tention to the fact that results on the 
same material with equipment of dif- 
ferent dimensions may be far apart. In 
all such cases the smaller specimen is less 
likely to be representative. 

The foregoing results are important in 
both soil mechanics and bituminous 
work; they indicate that results between 
investigators are not comparable unless 
methods are standardized, that results 
of present testing methods must be cor- 
related on a dimensional basis for correct 
application to field conditions, and par- 
ticularly that any method of testing 
bituminous paving materials without 
correlating dimensional effects with road 
conditions is far afield. 

The fact that in many mechanical tests 
we are examining the properties of a 
particular object (the specimen), as well 
as those of the material of which it is 
composed, is especially exemplified by 
such results. 


THE EFFECT OF ASPHALT 


Bitumen is not simply a cohesive 
whose true effects in a mix can be meas- 
ured by such methods as the penetrom- 
eter. For analytical information on this, 
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reference is made to the companion 
paper by T. F. Ford (4). 

In general, asphalt produces two op- 
posite effects on stability, reducing it in 
so far as it acts as a lubricant and in- 
creasing it in so far as it acts as a co- 
hesive. Complex effects result from this 
paradox. Furthermore, speed and tem- 
perature effects must be taken into 
consideration. 

In the Mohr diagram, this dual be- 
havior of bitumen results in a shift of 


zed 


a-Compressive Strength of Bituminized Mix _ 
b- Tensile Strength of Bituminized Mix 
¢-Value of Lateral Pressure at which Stabilities of 
Dry and Bituminized Mixes are Equal : ii 
d- Equal Vertical Loading for both Mixes 
e- Shift of Origin Due to Bituminization 
f- Mohr Constant Due to Bituminization 


Fic. 18.—Relation of Mohr Envelopes for Dry 
and Bituminized Mixes. 


the axial origin and sometimes causes 
the envelopes of the bituminized and 
that of the dry mineral aggregate to cross 
at a lateral pressure where the stabilities 
of the two may be equal under a certain 
testing speed or temperature. There is 
a straighter envelope with the bitumi- 
nized material, because the shift of axis 
throws the positive position of the circles 
farther out on the normally straighter 
part of the envelope (Fig. 18). 

To illustrate these effects, aggregates 
Nos. 3 and 3A are shown dry and 
bituminized (Figs. 19 and 20): 

1. Composition——These aggregates 
show probably the extremes of grading 
effects in }-in. gravels and are not pre- 
sented as road materials. The asphalt . 
used for illustration was an 85/100 Cali- 
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Aggregate 3A 

Bulk 1.92 
| 


Dry 


| 


Temperature 77F H/ 0-052 


Speed 0. 025 in. 
bulk Densi ty 195 
200 300 400 


0 100 
toad, psi. 


Fic. 19.—Typical Mohr Envelopes; Dry and 
Bituminized Materials; Temperature 77 F. 


fornia of Newtonian type, which presents 
the simplest stability phenomena. Four 
parts were added to 100 parts aggregate 
in each case, by weight. 

2. Fabrication.—Dry aggregates were 
vibrated to constant density in a high- 
frequency oscillator. Mixes were com- 
pressed at 1500 psi., in 4-in. diameter 


cylinders, in separate segments 2 in. high, 
temperature 120 F., and pressure held 
for 1 min. The material was vibrated 
during initial application of pressure. 

3. Density Phenomena.—Both mixes 
lost structural or aggregate density by 
bituminization, the open-graded mix 
least. (This effect appears typical and 
is logical.) In both mixes as well as in 
the aggregates, density decreased upon 
initial deformation and thereafter in- 
creased. The effect of increase is to 
straighten the Mohr envelope somewhat, 
more so in the case of the mix than the 
aggregate. In one case, as will be noted, 
this effect caused a reversal of curvature. 
Given constant lateral pressure, densities 
become or remain higher as the height 
of specimen decreases. 

4. Friction —The effect of increasing 
density during deformation being to 
straighten the envelope, true friction 
would be somewhat less than the ob- 
served angles under the method used. 
Friction loss in mix 3 was 10.5 deg. and 
in mix 3A was 9.5 deg. 
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5. Viscosity, Speed, Temperature, and 
Cohesion.—Lowering the speed of shear 
in the mix parallels lowering the lateral 
pressure in the dry aggregate, because 
viscous resistance decreases with speed. 
It also parallels the result of increased 
temperature. But as is seen in the 
Mohr envelopes, lowering the lateral 
pressure results in increasing the propor- 
tion of structural resistance. Hence, in 
the greater heights of specimen, the 
characteristically curved extrapolation 
line results; but this curvature is also in- 
fluenced by capillary and other effects 
which leave a residual cohesion at zero 
speed; otherwise the static stability of a 
mix would always be lower than that of 
the aggregate. The open mix shows far 


less cohesion and apparent cohesion be- 
cause of lack of contact points and lack 
of capillary effects, though its entire set 
of relationships resembles a scaled-down 
repetition of those of the close-graded 


mix. 

In considering the effect of speed, the 
lower height specimens develop shear 
forms which result in faster virtual shear 
of the material at the same testing speed. 
This causes an additional viscous effect 
at these low heights, increasing stability. 
The spread between speed zero and the 
other speeds at H/D = 0.5 appears due 
to the fact that all virtual speeds here 
are so much greater than the measured 
speeds, while of course zero measured 
speed and zero virtual speed are the 
same. 

6. Height to Diameter Ratio (H/D) 
Effects —In the case of mix 3, the dif- 
ference between the curve for dry mate- 
rials and the curves for bituminized ma- 
terials at high testing speeds (Nos. 2 and 
3) is the type of difference which results 
from increasing the lateral pressure. In 
the curves for bituminized materials at 
lower speeds, arch failure at low heights 
sets in and becomes extreme for the zero 
speed. (These phenomena are repeated 
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for mix 3A in a less marked manner.) 
The apparent reason for the arch failure 
is as follows: at a given H/D ratio, the 
ratio of rise to span of the arches in the 
unsheared cones becomes so low that 
the arches become quite unstable. This 
point depends, among other things, on 
the coefficient of friction between the 
material and the loading surface. (Pfeif- 
fer (10) shows the weakening of a low 
specimen by the interposition of rubber 
on the contact surface.) In addition to 
the contact friction and the lateral pres- 
sure, the cohesion of the mix buttresses 
these arches; but at zero speed this co- 
hesion becomes very low. Hence this 
combination of influences produces in 
mix 3 an S-curve for zero speed, and in 
mix 3A a tendency in the same direction. 
That the curve does not reverse in the 
latter case appears to be due to the very 
low viscous resistance of the mix to 
begin with. It should not be assumed 
that the effect in a pavement would be 
the same; probably contact friction 
would be different. Figure 24 shows an 
arch failure under the plunger in a bear- 
ing test. With a slight variation of con- 
tact friction, we find the arch failure on 
the subgrade instead. 

7. The “Macadam Point.”—The sta- 
bility curve for the dry material inter- 
sects all curves for bituminized material 
at certain heights of sample, where the 
asphalt no longer acts as a stabilizer; 
here the “macadam principle” predomi- 
nates, asphalt being merely a protecting 
agent at lower heights. This need not 
be the corresponding thickness of pave- 
ment, although there is a correlation. 

8. Working Values.—Mix 3 is an ag- 
gregate of great stability such as would 
seldom be encountered in practice and 
is too sensitive for road use. Mix 3A 
is of a type rather resembling an extreme 
practice which is reported to be in some 
use in the West. These extremes were 
selected to illustrate the principles. 


‘Id ac 
ed 
ces 
by 
11x 
nd 
in 
on 
in- 
to 
at, 
the 
ed, 
ire. 
‘les 
ght 
ing 
to 
ion 
ob- 
ed. 
ind 
f 
2 
— 


1170 ENDERSBY ON MECHANICS 
Ottawa sand represents the ultimate in 
open grading and low surface friction, 
and like some sands with which disas- 
trous experience has been encountered, 
cannot be made statically stable with 
any ordinary asphalt; asphalt only 
lubricates it. 


USE OF THE STRESS-STRAIN DIAGRAM 


Stress-strain diagrams resulting from 
the triaxial deformation of samples under 
constant lateral pressure are used in soil 
mechanics. In both dry and bitumi- 
nized aggregates they givea typical curve, 
subject to dimensional effects, illus- 
trated by Fig. 21. ‘The form of this is 
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21.—Stress-Strain Curves for Various 
H/D Ratios. 


so much like that of an elastic-plastic 
material that it can be easily taken for 
such in bituminized materials. True 
elastic phenomena appear, however, only 
under very high speeds or low tempera- 
tures. The rise of the curve, as men- 
tioned, is evidently due to the fact that 
the particles are pushed into more stable 
formations as deformation proceeds, but 
it is curious that such a rise is usually 
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accompanied by increasing voids. This 
could best be explained by a “toggle- 
joint” action. As the Mohr envelope 
straightens with increasing H/D ratios, 
the initial rise of the stress-strain dia- 
gram tends to vanish. This form of 
diagram can be used analytically to plot 
Mohr diagrams at constant extent of 
deformation, constant void content, etc. 

Four stability factors appear in stress- 
strain diagrams: initial slope of curve, 
yield point, maximum load, ultimate 
load—the three latter to be considered 
in connection with extent of deforma- 
tion. The relative weighting to be 
given these has yet to be established. 
Since the area under the curve represents 
the energy required to produce a given 
deformation, this factor may be produc- 
tive of practical correlations. 


7 STABILITY UNDER SUCCESSIVE 
LOADINGS 


The stress-strain diagram, plus the 
time element which governs the viscous 
effect of the asphalt, permits an approach 
to the problem of road stability. Ap- 
parently five conditions may theoreti- 
cally exist: 

1. The structure of the aggregate it- 
self can carry the load with only elastic 
deformation. In this case bitumen is 
needed only for protection, not cohesion, 
and initial stability is complete. 

2. The structure can carry the load 
after a given deformation. Upon ap- 
plication of load, it deforms until such a 
deformation is reached, and then be- 
comes stable; bitumen delays that de- 
formation. 

3. The resistance of the binder is high 
so that, in combination with the resist- 
ance of the structure, it permits only 
elastic deformations, and initial stability 
is again complete. 

4. The structure alone will not carry 
the load at any deformation, but a very 
hard binder is present which so delays 
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the failure that apparent stability is 
present for a long time. 

5. The material is not truly stable, 
but owing to the cross-traverse of traffic 


Stress. 
T-ajectories, 


A- Infinite Depth, Full Shear 
Power Formula: 

Buisman) 

Cwe = Unit Bearing $=Angle of friction, 

F=tan %, Pb=Unit Top Load (Which is 
zero for paving); C=Mohr Constant 


Then 
Cwe = tan? (45°+$)] 


fa 
[sc cot / 


Cwe =VbPb +VcC, which is 
¥cC for Pavement 
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Shear Planes in 
‘Plasticized Aree - 4 


B- Finite Depth, Partial Shear 
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APPLICATION OF THE PRINCIPLES 
TO OPEN SURFACES 


The formulas developed by Prandtl 


(10, 11) and Buisman (2) for bearing on 


A. 


= ,Plasticized Area 


Structure 


Bearing Power Formula : 
Unknown: /o be Discovered 


C-Relations to Subgrade Stress 


a,b,c are 


Paving Thicknesses 


Curves are Stress Diagrams — 


Fic. 22.—Prandtl’s Theory for Strip Bearing. 


Plunger Width 2-in. | 
Specimen Width 3-in. 
Load Area 6 sq. in. 


in Figs. 8, 9,10 and /3 
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solidation, instability is not visible. The 
principal effect of this condition is deg- 
radation of the aggregate. 
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Fic. 23.—Strip Bearing Load Stress-Strain Curves. 
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relationships are shown in Fig. 22, where 
case B involves a rigid base. A third 
case, not shown, is that of compound 
Prandtl shear through both base and 
pavement. 

We have taken some stress-strain 
curves in bearing tests, which are shown 
in Fig. 23, with the method illustrated by 
Fig. 24. In this test noncohesive ma- 


ENDERSBY ON MECHANICS OF GRANULAR MATERIALS - 


materials, it is necessary to recognize, 
and measure separately from friction 
and cohesion, a type of structural resist- 
ance which is strongly dependent upon 
the dimensions of the specimen. 

2. It is necessary to measure the 
stability of the entire mix, not of 
fractions. 

3. It is necessary to measure stability 


Fic. 24.—Deformation Phenomena Under Bearing Test. 


terials tend to develop a distinct shear 
plane, while bituminized materials do 
not. It will be noted that increasing 
thinness results in increasing sharpness 


of yield point, that is, brittleness. 
ve 


CONCLUSIONS 


4. For correct analysis of the stabili- 
ties of granular and granular-plastic 


under dimensional conditions correctly 
related to actual loading conditions. 

4. It is impossible to measure com- 
pletely or to predict the behavior of 
bituminous road materials by any test 
which is single-point as to dimensions, 
temperature, or speed. 

5. The most suitable method of in- 
vestigation is the triaxial test with Mohr 
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circle analysis, supplemented by some 
form of bearing tests. 

6. The bearing power of pavement 
mixes cannot be correctly evaluated 
without taking into consideration the 
influence of the contact plane between 
pavement and subgrade. 

7. It is apparent from the literature 
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that considerable study has been given 
to the effect of pavement thickness upon 
the subgrade load, but inadequate study 
to its effect upon the internal stability 
of the pavement itself. None of the 
current formulas was found applicable 
to our test results except under special 
conditions. 
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THE MEASUREMENT OF THE DEFORMATION PROPERTIES © 


25, OF ASPHALTS 


Wi ee By T. F. Forp! anp K. ARABIAN! 


The characterization of the deformation behavior of asphalts by the 
penetration test or by other empirical tests is recognized as being ona ml 
particularly for asphalts which are elastic as well as viscous. The rotating 
cylinder type of viscosimeter permits the separation of elastic and viscous 
effects, since it permits observation of changes in deformation rate with de- 
formation itself. Other methods are in general open to the objection that 
the sample is subjected to complex deformations. Rotating cylinder vis- 
cosimeters, however, are usually considered too time-consuming for the re- 
sults obtained. Here a simple instrument of this type is reported, which is 
designed for routine use. Results obtained using this instrument compare 
favorably with results obtained using a more elaborate conicylindrical vis- 
cosimeter. Since a single deformation constant such as viscosity does not 
completely describe the flow of plastic asphalts, three deformation constants 
are evaluated: a coefficient of viscosity n, a coefficient of elasticity in shear 8: 


and a coefficient of internal slip s. 


Asphalts are universally characterized 
by the penetration and softening point 
tests (Methods D 5 — 25 and D 36 — 26)? 
Other empirical tests such as the ductility 
test (Method D 113-—39)* also are 
widely used. None of these are funda- 
mental in nature nor adapted to direct 
correlations one with the other. 

The inadequacy of the commonly used 
tests as measures of consistency is recog- 
nized (1, 2, 3, 4, 5, 6, 7, 8, 9, 10).4 As- 
_— of equal penetration may differ 


1 Member of Research Staff, Shell Development Co., 

Eme ville, Calif. 

tandard Method of Test for Penetration of Bitumi- 
ons (D 5-25), 1939 Book of A.S.T.M. Standards, 
Part II, »P- 412; Part IIT, 185. 

Standard Method of Test for Softening Point of Bi- 
tuminous Materials (Ring-and-Ball Method) (D 36 - 26), 
1939 Book of A.S.T.M. Standards, Part II, p. 417. 

3 Standard Method of Test for Ductility of Bituminous 
Materials (D 113 - 39), 1939 Book of A.S.T.M. Standards, 
Part i. p. 398. 

The boldface numbers in parentheses refer to the 
me. and papers appearing in the list of references 
appended to this paper, see p. 1181. 


many fold in apparent viscosity. 
Whereas some are purely viscous, others 
are highly elastic so that under constant 
loads deformation rate changes with 
deformation itself. Thus equations for 
the calculation of viscosity from the 
penetration (5, 8) are not applicable to 
nonviscous asphalts. The penetration 
test measures an over-all deformation 
rate, and in the absence of other tests it 
does not disclose effects of deformation 
itself. Classifications of asphalts ac- 
cording to relationships between pene- 
tration and softening point (9) recognize 
this fact and in effect characterize 
asphalts as to relative deviations from 
viscous behavior. Equations for calcu- 
lating viscosities from penetration, and 
arbitrary classifications based on rela- 
tionships between empirical tests, such 
as between penetration and softening 
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point, have been developed because these 
empirical tests are simple and rapid. 
The direct measurement of the absolute 
flow properties of asphalts has been 
handicapped by the lack of simple ab- 


solute testing methods. 


Various Instruments: 


Many methods for measuring flow 
properties in absolute units have been 


j 


4 


= 


s 


fe 


proposed. A review describing a num- 
ber of these has been given by Saal (5). 
To all of them except the rotating cyl- 
inder viscosimeter there are objections 
which arise primarily from the fact that 
for nonviscous asphalts deformation be- 
havior varies with deformation itself. 
In the Vogel-Ossag capillary method or 
in pressure capillary methods (3, 11), and 
in falling ball (6) or sinker methods the 
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nature of the deformation varies 
throughout the sample. In the Pochet- 
tino falling cylinder (12), or the Bingham- 


. Stephens alternating stress viscosimeter 


(2), or by the method of deforming rods, 
the sample is constantly altered in cross- 
section. By all of these methods the ex- 
tent of deformation in one direction is 
limited. It is only in the rotating cyl- 
inder type of instrument that the shear- 


Fic. 1.—Assembly of Conicylindrical Viscosimeter. 


ing stress may be held constant while 
the properties are determined with 
progressive deformation in one direction. 

Rotating cylinder or Couette type 
viscosimeters have been widely used for 
research studies of the flow properties of 
asphalts (3, 5, 8, 10). Troublesome end 
effects can be eliminated mathematically 
by using cylinders with conical bases as 
proposed by Mooney and Ewart (13). 


‘ 
8 
| 
‘a 
— 


Lee, Warren, and Waters recently re- 
ported a viscosimeter of this type (10). 
Our own conicylindrical viscosimeter, 
which is quite similar, is shown by Figs. 1 


ve 


atti teat 


< Fic. 2.—Construction of Conicylindrical 
of Viscosimeter. 


Measurements with the Conicylindrical 
Viscosimeter: 


Viscosities of a purely viscous petro- 
leum resin, as measured in our coni- 
cylindrical instrument, are given in 
Table I. For shearing stresses varying 
seven-fold the average deviation from 
the mean viscosity is 0.16 per cent using 


a rotor giving 1 mm. clearance between 
cylinders, 0.35 per cent for a 5-mm. 
clearance, and 0.11 per cent for a 10-mm. 
clearance. The small increase in ap- 
parent viscosity with increasing clear- 
ance may be attributed to the effects of 
the corners at the junction of the conical 
and cylindrical surfaces. These data 
for a purely viscous material show the 
high degree of accuracy possible with 
this type of instrument. 


TABLE I.—VISCOSITIES OF A 146 PENETRATION 
PETROLEUM RESIN AT 25 + 0.02 C. 
Determined in the Cenicylindrical Viscosimeter Using 
Rotors that Allow Clearances of 1 mm., 

5 mm., and 10 mm. 


Mean Shearing Stress, 


Absolute Viscosity, 
dynes per sq. cm. 


poises 


1 mm. clearance 


-184 X 105 
-185 XK 105 
-172 X 105 
-188 X 105 


5 mm. clearance 


10 mm. clearance 


-177 X 106 
-201 X 105 
-212 X 105 
-209 X 105 


-217 X 105 
-221 X 108 
-211 X 105 


The curves of Figs. 3 and 4, also ob- 
tained with this instrument, illustrate 
extreme deviations from viscous flow as 
exhibited by a Mexican blown asphalt. 
The rapidly decreasing deformation rate 
with deformation, as well as the marked 
recovery on release of the driving loads, 
indicate elastic forces. These curves 
show that for such materials the defor- 
mation over an arbitrarily specified 
time, as obtained by the penetration 
test, has no direct relation to viscosity. 
They also show that values obtained in 
capillary viscosimeters, which are a com- 
plex measure of initial and equilibrium 
rates of flow, are inadequate as gages of 
deformation behavior. Although such 
truly descriptive measurements as illus- 
trated by Figs. 3 and 4 can be obtained 
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with the conicylindrical viscosimeter, 
the complexity of this instrument and 
the time required for measurements 
make it impractical for routine use. = 


Rate of Deformation, deg. per sec. 
i J 


Load Removed 


05 
0 10 20 30 40 50 250 260 270 280 
Deformation, deg. 


Fic. 3.—Conicylindrical Viscosimeter Meas- 
urements of Deformation and Recovery of a 
Mexican Blown Asphalt; Tests at 250C. + 0.2C., 
and 10,400 dynes per square centimeter Shear- 
ing Stress. 


Fic. 5.—Assembly of Open-End Viscosimeter. _ 


SS 


SSH 
= 
| 
10 20 30 40 50 200 210 220 230 


Deformation, deg. 

Fic. 4.—Conicylindrical Viscosimeter Meas- ait =a 
urements of Deformation and Recovery of a 

Mexican Blown Asphalt; Tests at 25 C.+ 0.2C., 


and 19,880 dynes per square centimeter Shear- 
ing Stress, 


load Remove 


A Simple Rotating Cylinder Viscosimeter: Pointer.» halt sample 
Stationary removable ring. Paley. 
The instrument shown in Figs. 5 and Rotating removable ring. 
6 retains the theoretical advantages of 


Fic. 6.—Construction of Open-End 
the rotating cylinder design. Essentially Viscosimeter, 
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it provides a means for twisting an an- 
nulus of a test substance between con- 
centric rings. Its mathematical analysis 
is simpler than for the conicylindrical 
viscosimeter or other Couette type vis- 
cosimeters, since no theoretical nor 
empirical corrections for end effects are 
necessary. The faces of the annulus are 
confined only by the water of the thermo- 
stat bath in which the apparatus is 
submerged. 

The outer portion of the viscosimeter 
is stationary and the inner portion is 
rotated by weights on a fish line wrapped 
around the driving pulley. The string 
passes outside the water bath over an 
idler pulley on the same bakelite or 
wooden rod that supports the viscosim- 
eter. The two concentric rings which 
contain the sample are removable so 
that any number of replaceable sets may 
be filled at the same time. Rings hav- 
ing any desired clearances may be used, 
thus permitting tests at different shear- 
ing stresses by varying the area, the 
clearance, or the driving weights. Ordi- 
nary deflections are read with the aid of 
the pointer on the engraved circumfer- 
ence of the instrument. An optical 
system may be provided for the mag- 
nification of small deflections. 

The rotor turns on steel ball bearings 
in light oil which fills the bearing hous- 
ing. The bearing oil like the sample 
tested is retained in the housing by 
hydrostatic pressure. With care in re- 
moving the viscosimeter from the water 
bath the oil will not be lost. Moreover 
it will not become contaminated with 
water unless the rotor is turned at ex- 
cessive speeds. 

The asphalt is introduced molten be- 
tween the removable rings, using suitable 
filling blocks to hold the rings concentric 
while the sample cools. The upper sur- 
face of the cold asphalt sample may be 
trimmed flat with a hot knife. The 
lower surface may be prevented from 


FoRD AND ARABIAN 


uf} 


sticking to the filling block by using a 
mixture of talc, glycerine, and liquid 
soap. Since the rings are tapered for 
easy insertion in the instrument they 
must be filled with the narrow sides up. 
The screw holes must also be aligned 
before filling. With hard asphalts the 
filled rings are easily inserted in the 
instrument, but even with liquid asphalts 
the operation is not difficult if conducted 
under water. 

Data are given in Table II comparing 
viscosities of purely viscous materials 


TABLE II.—VISCOSITIES OBTAINED IN_ THE 
THE OPEN END VISCOSIMETER USING PURELY 

VISCOUS MATERIALS AT 25 + 0.02 C. 


Determined in the Coni- 


termi n the Determined in the Open 
cylindrical Viscosimeter 


End Viscosimeter 


Mean Mean 
Shearing Absolute Shearing b i 

Stress, Viscosity, Stress, Viscosity, 
dynes per poises dynes per poises 

sq. cm. sq. cm. 


Absolute 


12 Penetration Petroleum Resin 


5.30107 || 15250 
5.34 X 107 30 700 
5.28 X 107 38 800 


8.35 X 105 3 760 
8.39 X 10° 15 400 
8.35 X 105 38 800 


146 Penetration Petroleum Resin 


3.20 x 10° || 15 250 
3.21 105 30700 
3.21 X 105 || 38 800 


257 Penetration Road Oil (SC-6) 


9.26 X 104 
9.40 X 104 
9.25 X 104 


9.04 X 104 
9.02 X 104 


9.02 X 104 | 


(ranging from 12 to 257 penetration) as 
measured in this simple viscosimeter and 
in the conicylindrical viscosimeter; 
agreement in these and other cases is 
within 1 to 4 per cent. The material 
of 257 penetration is a heavy road oil. 

The curves of Figs. 7 and 8, obtained 
with this simple instrument are for the 
same Mexican blown asphalt represented 
by the curves of Figs. 3 and 4 obtained 
with the conicylindrical viscosimeter. 
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Similar comparisons for other nonviscous 
asphalts have been obtained. 


The Evaluation of Deformation Constants 
from Rotating Cylinder Viscosimeter 
Data: 


With concentric cylinder viscosime- 
ters, the viscosity of purely viscous ma- 
terials may be calculated from the speeds 
of rotation at given loads, and the elas- 
ticity of purely elastic materials may be 
calculated from stress-strain curves. 

The single proportionalities repre- 
sented by the coefficients of viscosity or 
elasticity do not describe complex plastic 

5 0.010 
0.008 
& 0.006 
0.004 
0.002 
0 
-0.002 
-0.004 
-0.006 
-0.008 

-0.010 
0 


load Removed 


5 
a 
vu 
« 


5 10 20 25 
Deformation, deg. 


Fic. 7.—Open-End Viscosimeter Measure- 
ments of Deformation and Recovery of a Mexi- 
can Blown Asphalt; Tests at 25C. + 0.2C., 
ee 3760 dynes per square centimeter Shear 

tress. 


deformations such as those illustrated by 
the curves of Figs. 3,4, 7, or 8. A mini- 
mum characterization of such curves re- 
quires a coefficient 7, determined by the 
initial speed of deformation or recovery, 
a coefficient g determined by the initial 
slope of the deformation or recovery 
curve, and a coefficient s determined by 
the equilibrium speed of deformation. 
Behaviors such as illustrated by the 
curves of Figs. 3, 4, 7, and 8 suggest a 
model consisting of loosely connected 
elastic elements embedded in a viscous 
medium, which are extended during de- 
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formation and may slip relative to one 
another. In such a model, the initial 
speed and thus the coefficient ” is propor- 
tional to the viscosity of the continuous 
liquid medium; the initial rate of de- 


o 


Rate of Deformation,deg. per sec. 


load Removed 


— 


20 40 60 80 
Deformation, deg. 


100 


Fic. 8.—Open-End Viscosimeter Measure- 
ments of Deformation and Recovery of a Mexi- 
can Blown Asphalt; Tests at 25C. + 0.2C., 
and 38,300 dynes per square centimeter Shear- 
ing Stress. 
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Fic. 9.—Reproducible Elastic Behavior of _ 


Mexican Blown Asphalt; Tests at 25C.+0.02C., 
and 35,000 dynes per square centimeter Shear- 
ing Stress. 


crease in speed, and thus the coefficient 
g, is proportional to the elasticity of the 
elastic elements initially extended; and 


_the equilibrium speed or rate of slip, 
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_ designated by the coefficient s, is propor- 
— tional to the sum of all the resistances to 
continued deformation when the wastic 


structure has been fully extended. 


The analysis suggested is similar to 


Mexican blown asphalt: 


a West Texas blown asphalt: 


_ _Rubber-petroleum resin mixture vulcanized in place 


asphalts. 


Mexican steam reduced asphalt: 


ve: developed by Poole (14), except that 
it also includes the possibility of slip, 


4, 


may increase somewhat after reaching a 
low value, as illustrated by the curves of 
Figs. 4 and 8; this may be attributed to 
partial failure of elastic structures. 

The constants n, g, and s do not take 
account of creep or elastic after-effects. 
These slow secondary stages of deforma- 


TABLE III.—DEFORMATION CONSTANTS OF VARIOUS ASPHALTS AND OTHER MATERIALS, 
CALCULATED FROM OPEN END VISCOSIMETER DATA. 


(Temperatures 77 + 0.04 F.) 


Material Tested® 


Load, g. 


g, dynes per 


n, poises? sq. cm. 5 


Penetration, 103 
Softening point, 119.5 


Penetration, 100 
Softening point, 144 F 


West Texas steam-reduced asphalt: 
7 Penetration, 89 


Penetration, 84 
Softening point, 118 F.. 


Ge West Texas cracked asphalt: 
Penetration, 92 
Softening point, 112 F 
California steam-reduced asphalt: 
Penetration, 97 


California blown 
Penetration, 94 
Softening point, 112 F 


Petroleum resin: 


(The petroleum resin is the same as used above.)... 


95.5 


95.5 


95.5 


971 


971 negligible 


323 X 104 
negligible 


323 X 104 


971 7.8 X 105 


3.0 X 104 
8.2 X 106 


3.0 X 104 


@ Penetration 4 77 F. per 100 g. per 5 sec. uie to A.S.T.M. Method of Test D 5 - 25. 
6. 


point according to A.S.T.M. Method of Test D 36 


Ring and ball softening 


n = a viscosity calculated from the initial speed; s = a viscosity calculated from the minimum or equilibrium speed; 
g= fi coefficient of elasticity in shear; the ratio of stress to strain for a layer of unit thickness. 
} In these instances continuous deformation is not possible. 


which is necessary when dealing with 
This is because recovery oc- 
curs even after extended deformations; 
_ because, in general, recovery follows the 


successive deformation re- 
covery curves may be reproducible but 


__ displaced from the original axis, as shown 


in Fig. 9. Under high loads the speeds 


tion or recovery may be attributed to the 
extension and relaxation of portions of 
elastic structures which are associated 
with very high viscous resistances. For 
the more elaborate description of de- 
formation behavior the constants ”, g, 
and s may be supplemented by coefli- 
cients descriptive of these secondary 
effects. An extended mathematical de- 
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velopment of the ideas here outlined will 
appear elsewhere. 


Typical Values of Deformation Constants: 


Table III gives values of m, g, and s 
for various asphalts, petroleum resins, 
and mixtures of rubber with petroleum 
resins, calculated from measurements 


made in the small open-end viscosimeter. 
Clay suspensions and gelatin have also 
been tested in this instrument. The 
values of and s in Table III are inde- 
pendent of the shearing stress in most 
cases. Variations in g occur, in general, 
when deviations from viscous flow are 


small. 
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RHEOLOGICAL INTERPRETATION OF ASPHALT TESTS — ; 
By R. N. TRAXtER,! H. E. SCHWEYER,! AND J. W. ROMBERG! “4 


SYNOPSIS 


The uses for asphalts are generally governed by their flow properties under 
application or service conditions. An evaluation of these properties in abso- 
lute units would be more satisfactory than the use of the numerous empirical 
tests now employed. 

The types of flow encountered in asphalts are illustrated by rheological 
diagrams and terms employed in the rheology of asphalt are defined. A brief 
review is given concerning the colloidal nature of asphalt as related to its 
flow properties; methods employed and problems encountered in the investiga- 
tion of the flow properties of such materials are discussed. 

Data are given to show the relation between A.S.T.M. penetration test 
values at 77 F. and consistency in absolute units (poises) and the conclusion 
is drawn that this test is not satisfactory for the evaluation of rheological 
properties. 

The rheological aspects of the ring-and-ball test are discussed and an equa- 
tion relating consistency and ring-and-ball softening point for certain asphalts 
is given. 

It is shown that high ductility is associated with a more or less narrow range 
of consistency depending upon the flow characteristic of the material being 
studied. This relationship between ductility and consistency is shown 
graphically. The physics of the ductility test are discussed and it is concluded 
that the test is too empirical to be helpful in the evaluation of the flow proper- 
ties of asphalts. 

Other empirical tests such as float, fluidity factor, and penetrations at high 
and low temperatures are also discussed as being inadequate for the quantita- 
tive evaluation of flow properties. 

The consistency of asphalts showing complex flow must be determined at 
some standard rate of shear for which a tentative value of 0.001 reciprocal 
second is suggested. The degree of anomalous flow characteristics may be 
evaluated from measurements made at the standard rate of shear and one 
other suitable rate of shear. For such determinations the rotating cylinder 

viscometer is advocated. 


Mean Rate of Shear, sec-! 


The uses for asphalts are generally these characteristics in absolute units has 


governed by their flow properties under 
application or service conditions. Rec- 
ognition of the importance of measuring 


1 Director of Asphalt Research, Chemical Engineer, 
and Chemist, respectively, The Texas Company, Port 
Neches, Texas. 


been given in recent publications (1, 2).’ 
In general, empirical tests are used at 
present which are unsatisfactory because 


? The boldface numbers in parentheses refer to the re- 
ports and papers appearing in the list of references ap- 
pended to this paper, see p. 1194. 
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the combined results from several tests 
must be used in any attempt to evaluate 
flow characteristics. Also, such tests 
frequently lack the sensitivity required 
to differentiate asphalts satisfactorily, 
and the results are given in various 
arbitrary units which prevent satisfac- 
tory comparisons of data. A new em- 
pirical test method is often devised for 


0.006 


7; 

= 

5 

5 

= 


0 
0 10000 20000 


Mean Shearing Stress, dynes per sq.cm. 


Fic. 1.—Rheological Diagrams for Asphalts A 
and B obtained at 77 F. 


each use, thereby resulting in a long and 
involved specification for a particular 
asphalt. 

Evaluation of consistency in absolute 
(c.g.s.) units would simplify the prob- 
lem, because it would eliminate the 
necessity for many of the tests now used 
in an attempt to measure flow properties. 

Viscosity, 7, is defined as the ratio of 
shearing stress F, to the rate of shear, S, 
and is given in poises where F is in dynes 
per square centimeter and S is in recip- 
rocal seconds, or 


> 


F/S, poises 

Rheological diagrams, which define the 
flow characteristics, are illustrated in 
Fig. 1. Data from which these curves 
were drawn are given in Table I. It is 
standard practice in constructing a rheo- 
logical diagram, which is a plot of F 
versus S, to plot F as the abscissa. 

If the ratio of F to S does not vary 
with F, the material is known as a simple 


_ fluid to or a Newtonian liquid and is said 


to exhibit true viscous flow (curve A of 
Fig. 1). The slope of the line is the 


TABLE I.—FLOW DATA ON VISCOUS AND 
NONVISCOUS ASPHALTS. 


Shearing Stress, Consistency at ~ 


Rate of Shear, 
dynes per sq. cm. ‘sec.)“1 


Asphalt A—Vacuum Refined Venezuela Asphalt 
(117 F. ring-and-ball-95 penetration at 
77 F. per 100 g. per 5 sec.) 


0.00083 
3 332 0.00280 1.19 
6 142 0.00524 1.17 


Asphalt B—Air Blown Gulf Coast Asphalt 
(132 F. ring-and-ball-52 penetration at 
77 F. per 100 g. per 5 sec.) 


0.00058 10.60 
11 700 0.00126 9.26 
16 400 0.00214 7.66 


Data obtained by the falling coaxial cylinder viscometer 


1 057 1.28 


6 160 


fluidity in rhes which is the reciprocal of 
the viscosity in poises. 

If the ratio of F to S varies with F, 
the numerical value for viscosity depends 
upon the rate of shear and the material 
is said to be a complex fluid or a non- 
Newtonian liquid (curve B, Fig. 1). In 
comparing the flow properties of complex 
fluids, consistency in absolute units must 
be determined at essentially the same 
rates of shear. The exact values for these 
rates of shear that should be used for 
asphalts are not known, although recent 
experiments have indicated their order 
of magnitude. 
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There are three general types of com- 
plex flow: (1) guasi-viscous flow (curve B, 
Fig. 1), in which the material deforms 
under any shearing stress, (2) plastic flow 
in which the material does not show per- 
manent deformation until a critical 
shearing stress (the yield value) is 
reached after which it deforms so readily 
or quickly that, except for inertia effects, 
the stress never exceeds the yield value, 
and (3) plastico-viscous flow, in which no 
permanent deformation occurs at shear- 
ing stresses below the yield value after 
which the material deforms at a constant 
ratio of F to S, this ratio being called 
the plasticity. 

In describing the rheological proper- 
ties of materials, certain standard terms 
must be used. The term viscosity is by 
definition limited to simple fluids, as is 
fluidity which is the reciprocal of vis- 
cosity. 

For plastico-viscous materials, the mo- 
bility in rhes is the slope of the line on 


the rheological diagram. The Plasticity 
in poises is the reciprocal of the mobility. 
For other types of flow the term con- 
sistency in poises should be used. The 
terms viscosity and consistency are both 
used in this paper but the former is 
reserved for those materials which are 


essentially simple liquids. The recip- 
rocal of consistency might be called the 
pliability, the unit of which is the rhe. 
Plasticity and consistency are analogous 
to viscosity while mobility and pliability 
correspond to fluidity. 

Nellensteyn (3, 4) conceived asphalts 
as colloidal systems and suggested that 
each asphaltic micelle had a nucleus of 
carbon surrounded by absorbed asphalt- 
enes, each successive layer being com- 
posed of hydrocarbons of lower molecu- 
lar weight and higher hydrogen to carbon 
ratio. These micelles are considered to 
be kept in dispersion in the oily con- 
tinuous medium (petrolenes) by the so- 
called asphaltic resins which serve as 


protective colloids or stabilizing agents. 
The only part of this theory that has not 
received general acceptance is the con- 
cept of a carbon nucleus for each micelle. 

Pfeiffer and Saal (5) have elaborated 
on Nellensteyn’s theory and have used 
the colloidal properties of various types 
of asphalt to explain their rheological 
characteristics. These authors believe 
that when the asphalt contains sufficient 
of the necessary constituents for the 
formation of the outer regions of the 
micelles, the asphaltenes are fully pep- 
tized and able to move as freely as the 
viscosity of the oily phase permits. 
“Such a system will show almost purely 
viscous flow, except for a marked intra- 
micellar elasticity.” These highly dis- 
persed “sol” types of asphalt are simple 
liquids, giving rheological diagrams simi- 
lar to curve A of Fig. 1. 

However, if there is a shortage of as- 
phaltic resins, the micelles will be sub- 
jected to a mutual attraction, varying in 
amount depending on the lack of dis- 
persing agent. When such unprotected 
micelles approach each other, they will 
form a more or less firm bond, requiring 
the application of a force to separate 
them. The spaces in the “gel” structure 
formed by the incipient coagulation of 
the micelles are filled by the intermicellar 
liquid. Asphalts of the “gel’’ type give 
rheological diagrams of the type shown 
in curve B of Fig. 1, and exhibit all of 
the anomalous flow characteristics of 
complex liquids. 

The transition from “sol” to “gel” or 
vice versa can be accomplished by lower- 
ing or raising the temperature of the 
asphalt. It is probable that this transi- 
tion occurs over a rather wide range of 
temperature below the softening point 
of the asphalt. For certain asphalts 
which are non-Newtonian at 25 C., it has 
been found that when the temperature 
is raised so that the site decreases 
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to the order of 200,000 to 1,000,000 
poises, the bitumen becomes a simple 
liquid. 

A series of asphalts made by a given 
process from a particular type of crude 
oil shows a transition from “‘sol’’ to “‘gel’”’ 
type as the degree of processing is in- 
creased. In general, air-blown asphalts 
exhibit more anomalous flow properties 
than steam-refined asphalts, although 
the harder materials of the latter type 
exhibit flow characteristics similar to 
softer air-blown asphalts. Transition 
from simple to complex flow (“‘sol” to 
“gel” type) occurs at the following ap- 
proximate consistencies obtained by 
processing: 


Viscosity 
at 77 F.,| Penetration 
poises at 77 F. 
(X 10-*) 


Ring- 
and-Ball 
Test, 
deg. 
Fahr. 


40 to 50 | 130 
60 to 100 | 125 


Type 


Air-blown 


In addition to the rheological proper- 
ties already discussed, asphalts exhibit 
elasticity (6), that is, the ability of a mate- 
rial to return to its original shape after 
deformation when the deforming stress 
is removed. This property is exhibited 
by the harder air-blown asphalts to a 
greater extent than by other types. The 
reciprocal of elasticity might be called 
flaccidity. The evaluation of elasticity 
in asphalts is such a complex problem 
involving shear, time of deformation, 
time of recovery, and method of meas- 
urement that at present no quantititive 
procedures are available. 

Asphalts also exhibit thixotropy (6), the 
property that results in lower values for 
consistency if the material is worked 
under a constant shearing stress. Under 
continued working the consistency grad- 
ually approaches a constant value. 
Most asphalts exhibit this property to 
some extent but the harder asphalts are 
the most thixotropic. 
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The thixotropic and elastic properties 
of asphalts are the result of the formation 
of some type of structure caused by selec- 
tive orientation of certain components 
of the asphalt. The rate at which this 
structure builds up is evaluated by age- 
hardening studies (7) wherein the in- 
crease in consistency with time is meas- 
ured. This property is more pronounced 
in complex liquids and thus air-blown 
asphalts exhibit age hardening to a 
greater extent than do other types of 
bitumen. Some of the structure can be 
removed by continuous mechanical 
working for extended periods of time. 
Also, up to 90 per cent of the increase 
in consistency with time can be removed 
by remelting. It has been found (8) that 
the percentage rate of increase of con- 
sistency with time is not influenced by 
the presence of dispersed mineral 
powders. 

Many methods for evaluating the 
change of consistency of asphalts with 
temperature have been proposed. Most 
of them are strictly empirical and are 
based on measurements of consistency 
that are not expressed in absolute units. 
Detailed reviews (1,9) of the historical 
development of the various methods 
have been given. The Asphalt Viscosity 
Index, which is the percentage decrease 
in consistency (in poises) for a 1 C. in- 
crease in temperature, is one of the 
methods employing viscosity expressed 
in absolute units. If the consistency of 
the asphalt is about 10° poises, a 1 C. 
change will result in about 20 per cent 
change in consistency. A similar tem- 
perature variation for asphalts having 
a viscosity of about 10‘ poises results 
in a 12 per cent change in viscosity, 
while an asphalt having a viscosity of 
about 1 poise will change about 4 per 
cent in viscosity for a unit temperature 
change. 

Presence of a mineral powder dis- 
persed in an asphalt has no marked effect 
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on temperature susceptibility expressed 
as percentage decrease in consistency per 
1 C. rise in temperature (9). 

The rheological characteristics dis- 
cussed above may be considered as proof 
of the colloidal nature of asphalt. How- 
ever, further and more direct evidence 
was obtained (10) from the appearance 
of asphalt surfaces treated by solvents 
(for example, 86° Baumé Naphtha or 
Ethyl Ether) capable of dissolving the 
petrolenes and resins or petrolenes alone. 
When examined under a microscope 
equipped with an attachment for viewing 
an opaque surface with oblique light, 
solvent-treated asphalts of the “gel” 
type gave distinct surface patterns, 
whereas those of the “sol” type gave no 
design discernible at a magnification of 
220 times. 

The empirical flow tests used at pres- 
ent do not evaluate quantitatively the 
many types of anomalous flow possessed 
by asphalts. In numerous instances 
selection of an asphalt suitable for a par- 
ticular purpose.depends upon some com- 
bination of properties which cannot be 
evaluated except by rheological methods. 
Therefore, a knowledge of rheological 
properties and interpretation of empiri- 
cal test data in absolute units is essential 
to the satisfactory selection of asphaltic 
materials. 

Apparatus have been described else- 
where (1, 11) for measuring the viscosity 
of asphalt over the range from 1 to 10° 
poises. Although the rotating cylinder 
viscometer is preferred because it offers 
the greatest flexibility in operation, the 
falling coaxial cylinder type is somewhat 
less expensive and more simple to operate 
and is satisfactory for use with New- 
tonian asphalt. The range of viscosity 
that can be measured by the latter vis- 
cometer is 10 to 10’ poises, and the 
instrument is particularly adapted to a 
study of age-hardening characteristics. 

Where the true viscosity cannot be 


measured because the asphalt is a com- 
plex fluid, it is necessary to establish a 
standard procedure for making all deter- 
minations at similar rates of shear (6). 
The conicylindrical rotating cylinder 
viscometer is more satisfactory for this 
purpose than any other type of instru- 
ment. Asa first solution to the problem 


TABLE II.—-FLOW DATA ON ASPHALTS FROM VARI- 
OUS GULF COAST CRUDES. 


Consiste 
at 77 
poises 
(X 107) 


Penetration 
at 77 F., 100 
g. per 5 sec. 


Ring-and- | Ductility at 
Ball, deg. | 77 F.,5 cm. 
Fahr. per min., cm. 


Steam and Vacuum Refined 


107 141 
108 124 
115 200+ 
118 200+ 
126 200+ 
127 200+ 
130 200+ 
137 200+ 
147 37 


Air Blown Series I 
113 130 
123 128 
135 16 


Air Blown Series IT 


wn 
sng 


145 
Data obtained by the falling coaxial cylinder viscometer. 


of selecting rates of shear for complex 
fluids, it is recommended that a mean 
rate of shear of 0.001 reciprocal second 
be used for viscosities up to the order 
of 10* poises at 77 F. 

Consideration of the many types of 
flow characteristics possessed by asphalt 
indicates the necessity of using stand- 
ardized techniques in measuring its con- 
sistency. The sensitivity of determina- 
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tions made in absolute units makes it 
imperative that the samples are tested 
at the same age, under close temperature 
control, at similar rates of shear, and 
that care is taken not to change the 
asphalt in melting and filling the vis- 
cometers. A precision of better than 2 
per cent can be attained under the most 


n = (5.13 X 10°)/P 1% 


where 


n = consistency in poises, and at 
P = penetration under a load of 100 g. 
for 5 sec. 


It has been shown (14) that this relation 
is not valid for different asphalts if either 
the temperature of the test is changed 
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Fic. 2.—Penetration-Consistency Curves for Various Steam-Refined and Air-Blown Asphalts. 


EMPIRICAL TEstTs 
The Penetration Test: 


The A.S.T.M. penetration test® is not 
satisfactory for measuring consistency in 
absolute units either on a theoretical (12) 
or empirical basis because the test meas- 
ures a combination of permanent and 
elastic deformation and adhesiveness of 
the asphalt for the steel needle.‘ Saal 
and Koens (13) proposed a relation for 
viscous bitumens (those whose consist- 
ency does not vary with the applied 
shearing stress) which is as follows: 


’ Standard Method of Test for Penetration of Bitumi- 
nous Materials (D 5 - 25), 1939 Book of A.S.T.M. Stand- 
rds, Part II, p. 412; Part ITI, p. 185. L Coe 


or if the consistency is changed by 
processing. 


In order to illustrate the relation © 


between penetration and consistency ex- 
pressed in absolute units, data are given 
in Table II. These are plotted in Fig. 2 
together with the curve computed from 
Eq. 2 and data given in the literature (14) 

These curves show that the results 
calculated using Eq. 2 are too low and, 
further, that air-blown asphalts have dif- 
ferent consistencies from steam-refined 
asphalts of the same penetration. The 
type of crude oil source and the method 
of processing of air-blown asphalts have 
considerable effect on the position of the _ 
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curve as shown by series I and II of 


Fig. 2, where series I is more highly 


blown (blown from a lower starting con- 
sistency) than series II. 

The curves shown for air-blown as- 
phalt in Fig. 2 apply only to asphalts 
blown to the same degree as those used 
in these experiments since more highly 
blown products might show even higher 
penetrations at a given viscosity. This 
effect leads to the possibility that the 
difference in penetration of an air-blown 
asphalt and the curve for Newtonian 
asphalts of the same absolute consistency 


_ might be used to evaluate the loss in 
_ adhesiveness resulting from air blowing. 


The curve in Fig. 2 may be used to 


estimate the consistency in absolute 
units of viscous steam-refined asphalts 


from the penetration. However, the 


curves for air-blown asphalts are specific 

with the type of asphalt, method of 
_ processing and rates of shear used in the 
- consistency measurements. It should be 


noted that some points deviate con- 
siderably from the curves due to the 
lack of sensitivity of the penetration test. 

It is interesting to note that the shapes 
of the curves in Fig. 2 are manifestations 


_ of the empirical nature of the penetration 


test. The A.S.T.M. penetrometer nee- 
dle consists of a cylinder having a trun- 
cated conical end, the latter being 5.4 
mm. long (equivalent to 54 penetration). 
The resistance to immersion offered by 
the conical section is much less per unit 
of penetration than that of the cylin- 
drical section. Consequently, in the low 
penetration range, the viscosity must be 
increased greatly for each unit decrease 
in penetration as is shown by the flatness 
of the curves in Fig. 2. However, in the 
high-penetration range the relatively 
high resistance to immersion of the 
cylindrical part of the needle requires a 
smaller increase in viscosity for a unit 
decrease in penetration and the curve 
for this region has a large slope. There 
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is a transition range connecting the high 
and low penetration ranges. The curva- 
ture in this region is dependent propor- 
tionately on whether the immersion 
of the conical part of the needle repre- 
sents a large or small portion of the total 
distance of penetration. 

The relatively high shearing stresses 
used in the penetrometer (2 to 150 times 
that used in the ordinary falling coaxial 
cylinder viscometer) results in flow deter- 
minations being run at very large rates 
of shear which vary with each unit of 
penetration. Based on the work of 
Thelen (15) and Rhodes and Volk- 
mann (16), Mack (17) has suggested that 
the relative flow characteristics of as- 
phalts can be evaluated by means of the 
penetrometer. However, from a study 
(12) on various kinds of asphalts, it was 
found that with the penetrometer flow is 
not laminar and that only a portion of 
the penetrated length of the needle is 
wetted by the liquid. Accordingly, it 
was concluded that such a method is 
unsatisfactory for evaluation of rheo- 
logical properties. 


The Ring-and-Ball Softening Point Test: 


The A.S.T.M. ring-and-ball softening 
point test‘ measures the temperature at 
which the material being tested reaches a 
consistency such that it will have flowed 
a definite distance from the time heat 
was first added. The viscosity at this 
temperature has been shown (11, 18) to 
vary from 14,000 to 30,000 poises for 
asphalts. Rhodes and others (19) also 
reported results by Saal in which the 
viscosity at the ring-and-ball tempera- 
ture for asphaltic bitumens varied from 
8000 and 20,000 poises. In the same 
paper these authors show that for coal- 
tar pitches the viscosity at the ring-and- 
ball temperature may vary from 9000 to 
27,000 poises. Although it has been 

4Standard Method of Test for Softening Point of 


Bituminous Materials (Ring-and-Ball Method) (D 36 - 26), 
1939 Book of A.S.T.M. Standards, Part II, p. 417. 
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stated in the literature (20) that the 
ring-and-ball softening point represents a 
definite viscosity, it is concluded from the 
above results that this is not true. 
Figure 3 shows consistency in poises 
at 77 F. plotted against the ring-and- 
ball softening point for the various Gulf 
Coast asphalts given in Table II. There 
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The equation for the empirical rela- 
tion shown in Fig. 3 is given by Eq. 3, 
the constants of which were determined 
by the method of averages: 


log 7 = 0.0543 M — 0.232. . . (3) 


where M = ring-and-ball softening point 
in degrees Fahrenheit. 
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Ring-and-Ball Softening Point , deg. Fahr. 
Fic. 3.—Ring-and-Ball - Consistency Relation for Various Steam-Refined andAir-Blown Asphalts. 


appears to be good agreement for most 
of the data with no systematic deviation 
for either steam-refined or air-blown 
asphalts. However, for vacuum or 
steam-refined asphalts having very high 
‘temperature susceptibilities, the vis- 
cosity values read from the curve will 
be lower than are obtained experi- 
mentally. 


This equation gives calculated values for 
consistency within plus or minus 17 per 
cent of the experimentally determined 
data. This may be considered fairly 
good agreement since the allowable error 
in the ring-and-ball test is plus or minus 
1 F. which corresponds to about a dif- 
ference of plus or minus 14 per cent in 
consistency based on Eq. 3. These rela- 
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tively large deviations are attributed to 
lack of sensitivity of the ring-and-ball 
method of test and in a smaller degree 
to experimental error in both the ring- 
and-ball and consistency measurements. 

The formula given in Eq. 3 may be 
used to estimate the consistency in abso- 
lute units for asphalts, but it should be 
recognized that deviations up to about 
30 per cent are possible. In using Eq. 3 
for non-Newtonian material it must be 
assumed that it applies only at the mean 
rate of shear used in this study (0.001 
reciprocal second). The empirical con- 
version of ring-and-ball softening point 
to absolute consistency, while satisfac- 
tory for the ranges shown in Fig. 3, is 
not recommended as a substitute for 
viscometer measurements because the 
limits of the empirical relationships are 
not known and, as mentioned above, the 
relationship does not hold for vacuum or 
steam-refined asphalts of very high tem- 
perature susceptibility. 


The relatively good agreement for air- 
blown asphalts shown in Fig. 3 is an indi- 
cation that the rate of shear used in this 
study is satisfactory for determining the 
consistency of such materials in absolute 


units. The selection of a numerical 
value for rate of shear at which the vis- 
cosity of non-Newtonian materials 
should be evaluated has been a problem 
in the past and the results of this study 
offer a first solution. It is possible that 
future work on this subject may indicate 
modifications in the rate of shear used or 
in the numerical values of the constants 
in Eq. 3. 

The fact that the viscosity is not 
constant at the ring-and-ball tempera- 
ture might be expected from a consider- 
ation of the physics of the test. In the 
first place the ring-and-ball method 
combines the principles of a falling 
ball viscometer and those of the falling 
coaxial cylinder viscometer since the 
ball falls through the asphalt (falling 


ball effect) but at the same time moves 
the mass of asphalt in a shearing action 
similar to the falling coaxial cylinder. 
(As a matter of interest if the apparatus 
is considered as a falling coaxial cylinder 
viscometer where the ball is assumed as 
a cylinder the shearing stress at the 
walls is 135 dynes per sq. cm.) In the 
second place the rate of shear varies in 
the ring-and-ball method and as has 
been noted previously any variation in 
the rate of shear will affect the numer- 
ical value of the viscosity for non-New- 
tonian liquids. While it may be argued 
that all asphalts at the ring-and-ball 
temperature are simple liquids, it is, 
nevertheless, true that at the start of 
this method of test the asphalt is sub- 
jected to shear at temperatures where 
the viscosity is many times greater than 
that at the ring-and-ball temperature 
and at which the material may be non- 
Newtonian. 


The Ductilit 

The A.S.T.M. ductility test® does 
not evaluate consistency because the 
test conditions (shearing stress and rate 
of shear) vary with the flow characteris- 
tics of the material being studied. The 
precision of the test is low with duplicate 
tests sometimes varying up to 50 per 
cent although the standard testing pro- 
cedure stipulates an allowable variation 
of only 10 per cent. 

A plot of ductility versus consistency is 
given in Fig. 4, which shows that duc- 
tility is related to consistency in absolute 
units. Data were taken from Table II. 
At low consistencies, asphalts have low 
ductility values partly because they flow 
out of the mold too rapidly. However, 
as the consistency increases a region of 
high ductility is reached. As the con- 
sistency becomes still greater a decrease 


5 Standard Method of Test for Ductility of Bituminous 
Materials (D 113 - 39), 1939 Book of A.S.T.M. Standards, 
Part II, p. 398. 
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in ductility results because the flow prop- 
erties of the asphalt do not allow it to 
deform sufficiently rapidly at the high 
shearing stress employed and the thread 
breaks. 

As shown in Fig. 4, air-blown asphalts 
tend to give lower ductilities than steam- 
refined asphalts of the same viscosity. 
For this reason and also because of the 
low sensitivity of the ductility test 
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The curves shown in Fig. 4 apply to 
data at any temperature and show how 
changing the temperature of test will 
affect the ductility values through the 
influence of temperature on consistency. 
In order to illustrate the validity of the 
chart the following experiments were 
conducted. The consistencies of two 
asphalts, C and D, from series II of Fig. 
2 were determined at 55 and 77 F. and 
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Fic. 4.—Variation of Ductility of Asphalts for a Given Absolute Consistency. 


there is a range of ductility, shown in the 
shaded portion of the graph, correspond- 
ing to a given consistency expressed in 
absolute units. The upper limit of the 
shaded portion at any given viscosity 
may be considered to be the maximum 
ductility for steam-refined asphalts. The 
lower limit of the shaded portion is 
based on data from series I in Fig. 2 
and two additional experimental points 
discussed later. This lower limit may 
be considered the minimum ductility 
for normal air-blown asphalts whose 
consistency is determined at a rate of 
shear of 0.001 reciprocal second. There 
may be cases where the ductility of 
peculiar blown asphalts of any given 
consistency will not fall with in the shaded 
areas, but the curves shown may be con- 
sidered to be generally applicable. 


10® 


the ductilities at 77 F. (5 cm. per min.) 
with the following results: 


Consistency, | Ductilityat 
poises (X 10) | 77 F.,5cm. 
per min., 
55 F. 


2.42 93 
35.2 200+ 


0.099 
1.63 


Reference to Fig. 4 shows that if the 
temperature of the ductility test is 
lowered to 55 F., the ductility of asphalt 
C should increase to 200+ and that of 
asphalt D should decrease to less than 
80. Ductility values obtained experi- 
mentally at 55 F. were 200+ for asphalt 
C and 77 for asphalt D. 

In a similar manner, a highly blown 
asphalt having a consistency of 21.0 X 
10° poises at 77 F. had a ductility of 22 
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at 77 F. The consistency of this mate- 
rial at 96 F. was 2.3 X 10° poises which 
would indicate (Fig. 4) a ductility at 
that temperature of 130; experimental 
determination at 96F. gave 124 cm. 
These data, obtained on highly blown 
asphalts (not shown in Table II) 
indicate the necessity for the wide range 
of ductility at a given consistency shown 
in Fig. 4. 

The chart shows that the region of 
high ductility for steam-refined asphalts 
extends over a larger range of consistency 
than for air-blown asphalts. This may 
be attributed to the flow properties of 
the latter since it will be shown below 
that the more anomalous the flow 
characteristics the smaller is the range 
of consistency over which high ductility 
can be attained. For truly viscous 
asphalts, very high ductilities may be 
obtained over a range of from about 1 X 
10® to 15 X 10® poises corresponding to 
a ring-and-ball softening point range of 
about 115 to 135 F. 

In the ductility test the force required 
to pull a soft asphalt out into a long 
thin thread is small compared with the 
force required to break a high consist- 
ency material having a low ductility. 
However, the actual physics of the test 
are difficult to explain. One explanation 
for the necessity of showing a range of 
ductility for a given viscosity has been 
noted in the literature (21). It was 
stated for non-Newtonian fluids that 
if the consistency decreases too rapidly 
with increasing shearing stress (which 
occurs as the cross-section of the thread 
decreases) there occurs an “‘unpropor- 
tionately rapid deformation—which may 
cause necking.” Once this effect is 
started it is cumulative and the thread 
soon breaks. Since the steam-refined 
asphalts can attain higher consistencies 
than air-blown asphalts before these 
non-Newtonian effects occur, they may 
be processed toa higher consistency than 


air-blown asphalts before the ductility 
begins to decrease. These effects ac- 
count for the range of ductility shown 
in Fig. 4 for high consistencies. No 
explanation is advanced for the range of 
ductility at low consistencies other than 
the fact that air-blown asphalts show 
more anomalous flow properties than 
steam-refined ones which may be ex- 
hibited also in this region of low consist- 
ency. 

For asphalts showing high ductility— 
thereby indicating true viscous flow— 
the speed at which the ductility test is 
run should not change the results, since 
the rate of shear has no effect on the 
viscosity. However, for asphalts hav- 
ing low ductility (in the high-consistency 
range) an increase in the machine speed 


TABLE III.—TYPICAL DUCTILITIES AT VARIOUS 
SPEEDS—AFTER BROOME (1) 


25 C. (77 F.) 35 C. (95 F.) 45 C. (113 F.) 


acs -5| Nil] Ni 124 | 145 
C 5} 11. 145 | 150 


(increase in rate of shear) should accen- 
tuate the necking effect and give even 
lower ductilities. Exactly these results 
are indicated from an analysis of data 
given by Broome (1) and quoted in Table 
III. The data show that if the consist- 
encies of asphalts B and C are decreased 
by raising the temperature sufficiently 
to remove the non-Newtonian flow 
effects, the ductility becomes independ- 
ent of the machine speed. However, at 
lower temperatures for the same asphalts 
where non-Newtonian flow probably 
prevails, an increase in machine speed 
causes a decrease in ductility value. 
A similar effect was found for a highly 
blown asphalt having a consistency of 
21.0 X 10° poises at 77 F. and a ductility 
of 22 cm. at a speed of 5 cm. per min. 
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When this speed was reduced to 1 cm. 
per min., the ductility value was 88 
cm., indicating that at the lower rate 
of shear the ductility for this highly 
blown material was more nearly like 
that for Newtonian asphalts. 

These results indicate that the use, 
in the ductility test, of particular (low) 
rates of shear (depending upon the con- 
sistency) would yield similar results 
for non-Newtonian and truly viscous 
asphalts. At such rates of shear, simi- 
lar ductilities would be obtained for all 
asphalts at a given consistency and the 
shaded portion of Fig. 4 would be re- 
duced by a shift of the lower limit for 
ductility toward that for viscousasphalts. 

It is apparent from these studies of 
the rheological aspects of the ductility 
test that, while it measures some com- 
bination of flow properties, it does not 
measure any specific property. The 
test cannot be considered as a measure of 
adhesiveness which is indicated more defi- 
nitely by penetration-consistency rela- 
tions. Further, the ductility test does 
not evaluate elasticity since blown as- 
phalts, which show the greatest elastic 
effects, have the lowest ductilities. 

The above facts are corroborated by 
Baskin (22) who stated: “I feel justified 
in stating that ductility is positively the 
most misleading test we have on record 
and has done more towards imbuing 
people with erroneous notions regarding 
asphalt than any other test of question- 
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Other Empirical Flow Tests: 


A number of other empirical tests 
are used by asphalt technologists to 
evaluate the flow properties of asphalt. 
Among these are penetration and duc- 
tility at temperatures other than 77 F., 
float test® and fluidity factor (23). The 


Standard Method of Float Test for Bituminous Mate- 
rials (D 139-27), 1939 Book of A.S.T.M. Standards, 
Part II, p. 409. 
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purpose of these tests is the same, 
namely, to obtain information concern- 
ing the effect of temperature on consist- 
ency. Since each test is empirical and 
cannot be converted to consistency in 
absolute units, the results are meaning- 
less by themselves and can be inter- 
preted only in conjunction with results 
from other tests. ayy 


4 
DIscUSSION 


With the exception of the ring-and- 

ball softening point test for certain as- 
phalts, the empirical flow tests in com- 
mon use cannot be used to evaluate the 
flow properties in absolute units with 
any degree of precision. Substitution 
of rheological methods for these empiri- 
cal tests would simplify laboratory test- 
ing for both consumer and producer since 
less complicated specifications would be 
necessary. 
For example, the use of three or four 
measurements of viscosity over the 
range from service to application tem- 
peratures would determine the effect 
of temperature on flow properties. Such 
determinations in absolute units define 
the flow characteristics quantitatively 
and do not require comparisons with 
results from other tests. 

Measurement of the viscosities of the 
softer asphalts and of the harder mate- 
rials which exhibit viscous flow is a 
relatively simple procedure. The de- 
termination of the rheological properties 
of asphalts that are complex fluids is, 
however, somewhat more involved. 

First, in order to compare the con- 
sistencies of different asphalts showing 
various degrees of anomalous flow, meas- 
urements must be made at some stand- 
ard rate of shear. Based on the correla- 
tion shown in Fig. 3 for asphalts exhibit- 
ing simple and complex flow, 0.001 
reciprocal second appears to be asatis- 
factory rate of shear at which to com- 
pare the consistencies of asphalts show- 
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ing anomalous flow characteristics. 
This rate of shear could be used con- 
veniently, in an instrument of proper 
design, for asphalts having consistencies 
up to the order of 10*® poises at 77 F. 
which correspond to penetrations of 
about 30 to 50 at 100 g. for 5 sec. 

Second, evaluation of the degree of 
anomalous flow exhibited by certain 
types of asphalts necessitates measure- 
ment of consistency at different rates 
of shear. Most asphalts exhibiting com- 
plex flow are of the quasi-viscous type. 
Accordingly determinations made at 
two rates of shear establish the rheologi- 
cal diagram if all curves pass through 
the origin. If the determination of the 
consistency at a rate of shear equal to 
0.001 reciprocal second is always made 
as mentioned above, the degree of anom- 
alous flow may be evaluated by mak- 
ing one additional consistency measure- 
ment at some other rate of shear. 
For asphalts possessing consistencies 
below 10’ poises (above 50 to 70 pene- 
tration) at 77 F. a rate of shear of 0.01 
reciprocal second probably would be 
satisfactory; for harder asphalts a rate 
of shear of 0.0005 is suggested. The 
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relative consistencies at two rates of 
shear might be used as a quantitative 
measure of the degree of anomalous 
flow exhibited by various asphalts. 

It should be noted that equilibrium 
consistencies must be used for all of 
these evaluations and comparisons of 
complex asphalts, that is, the asphalt 
must be subjected to the particular 
rate of shear until the shearing stress 
(and the calculated consistency) be- 
comes constant. 

All of the measurements of consistency 
for both viscous and quasi-viscous as- 
phalts could be made in a rotating cylin- 
der viscometer of such construction as 
to attain the desired shearing stresses 
and rates of shear. Interchangeable 
parts could be used for application to 
process control to insure speed in obtain- 
ing results and a relatively simple tech- 
nique would be required. 

All of the uses for asphalts are de- 
pendent in part on their flow properties; 
from both a practical and scientific 
point of view these properties should be 
evaluated quantitatively in absolute 
units in order to simplify laboratory 
testing. 
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Mr. EvuceENE C. BincHam! (presented 
in written form).—Our Society has many 
methods concerned with the flow of 
materials. The designations often do 
not disclose whether the designers of 
the methods intended to measure flow 
or not. A penetrometer test may be 
imagined to be a measure of flow, a 
softening temperature is less obviously 
a measure of flow, and the volume 
shrinkage of clay on drying, or the 
tensile strength or the dye absorption 
of clay—seriously proposed for measur- 
ing the consistency of clay—would seem 
at first to be only very distantly related 
to flow. 

Our empirical tests need to meet three 
requirements: 

1. If they are devised to measure 
flow, they should measure that property 
and no other. 

2. Our different methods should be 
capable of correlation. This is difficult, 
if not impossible, when one method ex- 
presses its results as a distance, another 
as a temperature and another as a time. 

3. Our empirical tests are in no case 
expressed in the fundamental units of 
flow. This in itself is a fatal defect and 
an entirely unnecessary one. It should 
take no more time or effort to use the 
proper units of flow. Therefore all 
methods for measuring viscous or plastic 
flow should be expressed in absolute 
units. 

What the particular method is, is a 
matter of no importance to us here and 
might be left to the convenience of the 
user, so long as it is capable of giving a 


1 Professor of Research, Lafayette College, Easton, Pa. 
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precise measure of flow in the units 
desired. 

We may offer a paeon of praise to 
Messrs. Traxler, Schweyer, and Rom- 
berg that they have already conceived 
of this problem in its entirety, and for 
one class of material have carried it 
steadfastly forward to so successful a 
conclusion. Their paper is much more 
than destructive criticism. They, and 
all of us, are indeed sorry to know that 
our old and highly respected methods 
are subject to grave limitations. Those 
tests we have inherited from days of 
small production, limited capital invest- 
ment and inadequate scientific control. 
But the Jacob’s staff has given way to 
the surveyor’s transit. In days of mass 
production, of elaborate control and 
research laboratories with single con- 
tracts involving hundreds of thousands 
if not millions of dollars, it seems at 
least justifiable to know when we are 
measuring flow, and how it may be done. 
The authors, working with what some 
have regarded as an unpromising mate- 
rial to classify, are far from despairing; 
they are telling us how they believe it 
can be done. 

The problem is far from done. There 
are those who will ask how we are to 
measure the plasticity of a given ma- 
terial and we may in all honesty confess 
that we do not know. But we will try. 
According to the motto of the immortal 
and always hopeful Lafayette, “Cur 
non.” 

Mr. W. F. Farr, Jr.? (by letter) — 
Although statements are made, with 


2 Industrial Fellow, Mellon Institute of Industrial 
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supporting references, that the viscosity 
at the temperature of the ring-and-ball 
softening point is not constant, the 
evidence given in this paper shows that, 
for certain materials at least, the vis- 
cosity at the softening point temperature 
must be approximately the same, else 
the agreement represented by the data 
of Fig. 3 would not have been found. 

That some other materials might not 
agree with the relation derived can be 
due to different temperature suscepti- 
bilities, as well as to lack of constant 
viscosity at the softening point tem- 
perature, since the consistencies reported 
have been determined at 77 F., which is 
lower than the softening point tempera- 
tures in the cases given. Inasmuch as 
there are conflicting data on this sub- 
ject, it might be interesting to redeter- 
mine carefully the temperature sus- 
ceptibilities, and the viscosities at the 
temperature of the softening points of 
typical bituminous materials. 

The writer discussed this paper with 
Mr. E. W. Volkmann of Koppers Co. 
who agreed that the use of such terms as 
“pliability” and “flaccidity” might not 
be wisely introduced at this time when 
there still appears to be considerable 
disagreement about rheological defini- 
tions. 

The general discussions in this paper, 
the points stressed, and the emphasis 
placed on the necessity of obtaining 
absolute rheological data, in preference 
to empirical tests which usually measure 
more than one property and are there- 
fore frequently misleading, have all been 
well presented, and this pertinent con- 
tribution should aid materially in fur- 
thering the adoption of absolute viscosity 
standards for bituminous materials. 

Mr. C. M. Basxtn? (by letter).—If it 
were possible to displace the three out- 
standing yet perplexing test methods— 
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penetration, ductility, and softening 
point—by the evaluation of flow prop- 
erties directly, it would be the greatest 
advance made to date in defining and 
controlling quality of asphalt cements. 
Anyone concerned with asphalt tech- 
nology needs little convincing that the 
penetration, softening point, and ductil- 
ity tests are faulty—especially the latter 
—not only because these tests do not 
really define any property in particular, 
but also because of the numerous vari- 
ables involved if we were to make these 
empirical tests cover any appreciable 
range of asphalts. 

It would be a tremendous aid in 
process control if we were able to use one 
test with one variable to cover the whole 
range of asphalts. Up to now, we 
actually must run four tests—penetra- 
tion, softening point, ductility, and 
viscosity—to tell whether a batch of 
asphalt is completed and fit for use. 
Viscosity is, no doubt, the most en- 
lightening of our tests; but, because of 
inadequate equipment, our present vis- 
cosity determinations are limited in 
scope. 

Consequently, if a whole range of 
asphalts could be tested in one and the 
same apparatus, and in this apparatus 
obtain flow properties, rather than some- 
thing that is a jumble of a whole lot of 
properties, it would then simplify con- 
trol to an amazing degree. 

The possibilities of simplifying defini- 
tion and classification of asphalts on the 
basis of flow properties, hence simpli- 
fying the process of selecting asphalt for 
any particular use, would certainly be a 
marked advance in the field of asphalt 
technology. Here, determination of 
flow properties may very likely furnish 
us with data that could be translated 
into terms of quality. I see no reason 
why flow determinations will not give us 
a true measure of temperature peal 
ceptibility. 
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If the authors’ objective is to develop 
a method of testing asphalt that will 
replace penetration, softening point, 
ductility and the conventional methods 
of viscosity determinations, fluidity fac- 
tors, etc., one must keep in mind that 
any developed method will have to be 
given the same meaning as the com- 
bined results of the present empirical 
tests have to both the asphalt producer 
and user. There is quite a difference 
between saying that a test is faulty and 
that it is useless. I am not inclined to 
say that even identification tests are 
entirely useless. The present empirical 
tests, therefore, have considerable utility 
even though arriving at some logical 
conclusion usually requires a round- 
about way. 

Take, for instance, temperature sus- 
ceptibility. I happen to be concerned 
with paving work in two extreme terri- 
tories—in tropical regions and in sub- 
Arctic regions. Faulty as temperature 
susceptibility determinations are by 
means of the penetrometer, it has still 
given us a means of control which 
actually worked in practice. We have, 
for instance, definitely established that 
using lower susceptibility asphalt cement 
(susceptibility determined by pene- 
trometer) materially reduces and often 
eliminates cracking of sheet asphalt 
pavements. Lowering susceptibility of 
the asphalt cement, so that for any given 
penetration at 77 F. it will show a higher 
penetration at 32 F. and a lower pene- 
tration at 100 F., made it possible, in a 
number of instances, to use a higher 
penetration asphalt cement at 77 F. to 
start with. What we were after is quite 
obvious, namely, to incorporate in the 
aggregate an asphalt cement that will 
have perceptible pliability at low tem- 
peratures, and yet not be too fluid at 
summer temperatures. 

The penetrometer as a tool to measure 
temperature susceptibility is admittedly 


managed, with this faulty testing 
method, to put down sheet asphalt 
pavements that do not crack at low 
temperatures nor distort at high tem- 
peratures. I do not mean to say that 
cracking of sheet asphalt pavements will 
be entirely prevented by so simple an 
expedient as reducing temperature sus- 
ceptibility. There are a number of 
other factors that come into the play, 
principally aging or progressive harden- 
ing of the asphalt cement. Will deter- 
mination of flow properties throw any 
definite light on this phenomenon? 
Will it be possible, by determining flow 
characteristics, to tell whether an asphalt 
will remain stable or will continue to 
change? 

It therefore appears to me that the 
first step, at present, would be to de- 
velop a test method for asphalt flow 
properties that would replace penetra- 
tion, softening point, ductility, and 
current viscosity tests, and show that 
this one test can be used for control and 
classification of an appreciable range of 
asphalts. 

The next step would be to give flow 
property test results the same meaning 
as is ascribed to the penetration, soften- 
ing point, and ductility tests. If this 
were possible, it would be an excellent 
start in the right direction, and a basis 
for the continuation of more sound 
development of asphalt testing and 
control. 

Mr. C. Mack‘ (by letter)—The 
authors are to be congratulated upon 
their efforts to eliminate empirical flow 
tests for asphalts. They propose to 
measure the consistency of asphalts by 
means of an apparatus which allows the 
consistency to be expressed in absolute 
units. For this procedure they chose 
an arbitrary rate of shear of 0.001 recip- 
rocal sec. The relative consistencies 
at two given rates of shear are suggested 


4 Research Chemist, Imperial Oi] Limited, Sarnia, Ont., 


faulty, but it served our purpose. We canada 


-4 


as 
of 
asp 
tior 
ert) 
~ 
is C 
ne 
Thi 
ert} 
sior 
she 
to | 
lars 
Ay wit 
vist 
at 
resi 
y hig 
the 
the 
obt 
tes 
ing 
pre 
tra 
rel: 
me 
the 
exe 
7 per 
hay 
49 
of 
she 
pe 
ap} 
a 


as a quantitative measure of the degree 
of anomalous flow of quasi-viscous 
asphalts. Actually, however, this rela- 
tionship does not define the flow prop- 
erty of such asphalts. 

Viscous flow is expressed by: 


= F/S............(1) 


The flow property of such an asphalt 
is completely defined by one constant 7. 
Quasi-viscous flow is represented by: 


(n) = 


This relationship requires the two con- 
stants (y) and m to define the flow prop- 
erty. The constant (n) has the dimen- 
sions of viscosity, but is different from 
n, and represents the consistency at a 
shearing stress equal to 1. If m is equal 
to 1, Eq. 2 is the same as Eq. 1. If mis 
larger than 1, the consistency decreases 
with increasing shearing stress. Quasi- 
viscous asphalts of the same consistency 
at a given shearing stress are the more 
resistant to flow at lower stresses the 
higher the value of ». This constant 
therefore serves as a numerical value for 
the degree of anomalous flow and can be 
obtained from the relationship: 


n = (d log S)/(d log F).... .(3) 


The authors criticize the penetration 
test as not being satisfactory for measur- 
ing consistency in absolute units. They 
present data in their Table II to illus- 
trate that the penetration-consistency 
relationship varies with the processing 
method of the asphalts. 

An analysis of the data shows that 
their criticism is not justified. For 
example, the asphalts of 281 and 36 
penetration of the air-blown series II 
have consistencies of 9.9 X 10¢ and 
49.5 X 10° poises. At a proposed rate 
of shear of 0.001 the corresponding 
shearing stresses are 99 and 49,500dynes 
per sq. cm., whereas the shearing stresses 
applied during the penetration deter- 
minations are considerably higher and 
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are approximately 1.2 X 10° and 1.5 X 
10° dynes per sq. cm. Since the con- 
sistency of quasi-viscous asphalts 
changes with the shearing stress as 
shown in Eq. 2 above, it is essential that 
the consistency determinations be car- 
ried out at shearing stresses equivalent 
to those of the penetrations; otherwise 
no comparison can be made between 
penetration and consistency. 

Messrs. R. N. TraAxter,® H. E. 
SCHWEYER,° AND J. W. RomBerc® 
(Authors’ closure by letter).—In replying 
to Mr. Fair’s comments it might be 
emphasized that the empirical nature of 
the ring-and-ball softening point pro- 
cedure is such that no conclusion may 
be drawn from it regarding -rheological 
characteristics of different types of ma- 
terials unless the temperature-viscosity 
characteristics of the material are estab- 
lished. The data illustrated in Fig. 3 
were intended to show only the order of 
magnitude of consistency for asphalts of 
certain softening point ranges because 
of the empirical nature of the relation- 
ship and its limitations. The relation 
implies only that all asphalts of the same 
ring-and-ball softening point have the 
same consistency at 77 F. Their vis- 
cosities at the ring-and-ball temperature 
can be identical only if their tempera- 
ture-viscosity susceptibilities are the 
same, which is not to be expected. 

In replying to Mr. Baskin’s discussion 
it should be emphasized that the transi- 
tion from empirical tests to absolute 
determinations is necessarily slow and 
must pass through a period during which 
both types of tests are used. However, 
when absolute determinations are made 
by a sufficient number of independent 
investigators, the empirical tests will 
become obsolete with benefit to both 
producer and consumer. 

Mr. Mack’s discussion of the evalua- 
tion of the flow of non-Newtonian 


Director of Asphalt Research, Chemical Engineer, 
and Chemist, respectively, The Texas Company, Port 


: 


ing 
alt 
Ow 
m- 
nat 
vill 
uSs- 
of 
en- 
er- 
on? 
low 
alt = 4 
to 
the 
de- 
low 
and 
hat 
and 
> of 
low 
ing 
this 
lent 
asis 
und 
and 
The 
pon 
flow 
to 
by 
the 
lute 
nose 
cip- 
icles 
sted 
Ont., 


DISCUSSION ON INTERPRETATION OF ASPHALT TESTS TF 


asphalts is pertinent and emphasizes the 
necessity for obtaining rheological data 
on such materials. 

It was stated in the paper that the 
measurement of the flow properties of 
non-Newtonian asphalts consists of two 
parts: first, a consistency measurement 
at some standard rate of shear, and 
second, an evaluation of the degree of 
anomalous flow. It was not suggested 
that the flow property of non-Newtonian 
materials could be evaluated by deter- 
mining the degree of anomalous flow 
alone. Actually, the evaluation of the 
flow properties of complex liquids is 
more involved than merely fitting the 
data to an equation such as Mr. Mack’s 
Eq. 2. 

First, the consistency measurements 
must be made in an apparatus that 
yields results in absolute units which are 
not subject to theoretical criticisms; 
second, the form of the equation may be 
more complex than a simple power 


equation®”:*; and third, in explaining 
the behavior of different asphalts, the 
practical results must warrant the use 
of a complicated treatment. 

The application of the rheology of 
asphalts to practical problems requires 


the most simple techniques. However, 


theoretical objections to certain pro-' 


cedures cannot be overlooked in order to 
attain simplicity, otherwise the advan- 
tages resulting from the use of rheologi- 
cal methods will be vitiated. Thus, the 
penetrometer, while simple to operate, 
requires a complicated mathematical 
treatment as has been pointed out re- 
cently by Mill and Harrison.? The 
penetrometer is more limited in range 


6 Academy of Sciences at Amsterdam, ‘First Report 
on Viscosity and Plasticity Prepared by the Committee 
for the Study of Viscosity,” pp. 4 and 165, Uitgave van 
de N. V. Noord Hollandsche Uitgevers-Maatschappij, 
Amsterdam (1935). 

7 Academy of Sciences at Amsterdam, ‘‘Second Report 
on Viscosity and Plasticity Prepared by the Committee 
for the Study of Viscosity,”’ p. 185, Uitgave van de N. V. 
ety Hollandsche Uitgevers-Maatschappij, Amsterdam 

1938). 

8A. R. Lee, J. B. Warren and D. B. Waters, ‘‘The 
Flow Properties of Bituminous Materials,” Journal, 
Inst. Petroleum, Vol. 26, p. 101 (1940). ad 


and is subject to more criticisms than 
properly designed viscometers that yield 
results in absolute units over a wide 
range of viscosity. ‘These factors and 
considerable research were the basis for 
the suggested methods of evaluating the 
degree of anomalous flow. However, 
it was not intended that the suggested 
procedures should be the final answer 
since future investigations may result in 
more satisfactory methods for evalua- 
tions. 

The shearing stresses attained in the 
penetrometer are considerably higher 
than were used in the viscosity deter- 
minations and if higher stresses could 
have been used (as suggested by Mr. 
Mack) the curves for series I and II, in 
Fig. 2 would have been displaced down- 
ward. However, such procedures are 
impossible in measuring the viscosity of 
relatively fluid materials by the falling 
coaxial cylinder method, and they are 
practically impossible by other absolute 
methods. In addition, there is no way 
of knowing what shearing stress to 
select since it would vary with each 
depth of penetration. These considera- 
tions indicate the impracticability of 
constant shearing stress measurements, 
but of greater importance is the theo- 
retical advantage of comparing flow 
measurements on non-Newtonian as- 
phalts at constant rates of shear. Flow 
is a manifestation of shear. While it is 
true that the shearing stress produces 
the shear in a non-Newtonian asphalt, 
the rate of shear, under the conditions of 
stress, is an intrinsic property which 
determines the flow of the asphalt. 
Therefore, in comparing flow properties 
of such materials it is more logical to use 
a basis of equal rates of shear, as has 
been suggested previously,’ rather than 
a basis of equal shearing stresses. 


9C. C. Mill and V. G. W. Harrison, “‘A Note on the 
Measurement of Flow Properties of Asphalts by the 
Penetrometer,” Journal, Soc. Chemical Industry, Vol. 59, 
p. 66 (1940). 

10R. N. Traxler and C. E. Coombs, ‘‘The Colloidal 
Nature of Asphalt as Shown by Its Flow Properties, 
Journal of Physical Chemistry, Vol. 40, p. 1133 (1936). 
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A STUDY OF THE RECOVERY OF THE BITUMEN FROM SOFT 
ASPHALT CEMENTS BY THE BUSSOW METHOD 


SYNOPSIS 


‘With an increasing number of State specifications requiring the extrac- 
tion and recovery of the asphalt from paving mixtures in order to control 
the physical properties of the asphalt actually in the pavement, a simple 
and reliable method for the recovery of the extracted asphalt should be 

The author’s method is described and data are presented on the 

recovery of nine asphalts from different sources, ranging from 50 to 270 in 


available. 


avi shoot nt Wa 


net 
y te 


penetration, and showing the influence of the maximum temperature of re- 
covery on the penetration and loss on heating of the recovered asphalts. 
Precautions necessary in the extraction and recovery of asphalts by either 
the author’s method or the Abson method are discussed. An explanation 
is offered for the loss of ductility in asphalts recovered by the Abson method. 


Since the publication, in 1936,? of the 
author’s method of recovering bitumen 
from paving and waterproofing mate- 
rials, many laboratories, including the 
Asphalt Institute,? have used it and 
found it to be both simple and reliable 
for asphalt cements ranging up to 88 
penetration at 77 F. (25 C.). When 
the method was applied to much softer 
asphalts appreciable losses in penetra- 
tion occurred. The author decided to 
investigate the effect of varying the 
maximum temperature of distillation 
upon the penetration of the recovered 
asphalt. The description of the Bussow 
method for the recovery of asphalt 
cements is given below. 


_ 1 Vice-President and Chief Chemist, A. W. Dow, Inc., 
New York, N. Y. 

_* Carl Bussow, ‘‘Notes on a Method of Recovering 

Bitumen from Paving Materials,” Proceedings, Assn. As- 
gr Paving Technologists, Vol. 7, January 23, 1936, 
p. 160. 
_* Prévost Hubbard and Henry Gollomb, ‘‘The Hard- 
ening of Asphalt with Relation to Development of Cracks 
in Asphalt Pavements,”’ Proceedings, Assn. Asphalt Pav- 
ing Technologists, Vol. 9, December 8, 1937, p. 165. 


Apparatus: 

The apparatus consists of a 500-ml. 
short-neck flask similar in design to the 
flask used in the Society’s Standard 
Method of Test for Distillation of Tar — 
Products Suitable for Road Treatment 
(D 20- 30).4 The regular D 20 flask 
may be used but the larger flask permits 
better control of foaming. The flask 
is connected to a water-jacketed con- 
denser and a convenient receiver to col- 
lect the distillate. The thermometer 
is placed with the bulb 3 in. (6.5mm.) 
above the bottom of the flask, which is 
not shielded. 


Procedure: 


The bituminous material is extracted 
with hot benzo! in a convenient appara- 
tus, preferably of metal construction to 
prevent photochemical effects. The 
benzol extract, freed of fine mineral 
aggregate by centrifuging, is placed in 


. £1939 Book of A.S.T.M. Standards, Part II, p. 390. 
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the flask and distilled at the rate of 5 
ml. per min. The small flame is placed 
toward the side of the flask at the be- 
ginning of the distillation to produce 
circulation of the liquid and to reduce 
foaming as the viscosity of the liquid 
increases. Should the foaming become 
excessive and rise too close to the neck 
of the flask, a flame played on the sides 
of the flask will cause the foam to sub- 
side. At some temperature between 
150 to 200 C., depending on the fluidity 
of the asphalt, foaming will practically 
cease. At this point the flame is moved 
directly under the flask and the heat 
increased so the asphalt will attain a 
temperature of 300 C. in 5 min. The 
distillation is then stopped and the 
asphalt is immediately poured into a 
deep 4-oz. tin container, or any other 
suitable size, resting upon a_heat- 
insulating substance, to prevent rapid 
cooling of the bottom layer of the 
residue. The asphalt is stirred slowly 
with the thermometer until it cools to 
160 C. or until it fumes only slightly; 
it is then ready to be poured for tests 
on the bitumen. 

The selection of the above-stated 
time, temperature, and rate of distilla- 
tion is arbitrary. The rate of distilla- 
tion is that ordinarily used in standard 
distillation tests. The time required 
for the final heating to 300 C. may be 
extended to 10 min. without affecting 
the result. The maximum temperature 
of 300 C. was ascertained by methods 
of trial and error. 


There are several precautions neces- 
sary in extracting and recovering asphalt 
from commercial materials. 

1. It is essential that the insoluble 
material be washed absolutely clean of 
asphalt so that the final benzol washing 
be not discolored. Asphalt is selectively 
adsorbed by many otherwise inert ma- 


Precautions: 


terials and failure to observe this ob- 
vious precaution often gives a softer 
residue through loss of the harder and 
less soluble fraction of the asphalt. 

2. Finely divided insoluble matter 
should always be removed from benzol 
solution in a centrifuge as the effect of 
small quantities of foreign material 
on the ductility of asphalt is very 
marked. 

3. The benzol used for extraction 
should be pure and should have a dis- 
tillation range of less than 2 C. Com- 
mercial benzols often contain toluol 
or even xylols and should be tested 
before using. 

4. The size of the distillation flask 
should bear some relationship to the 
quantity of asphalt being recovered. 
The author has known of attempts to 
recover 10 or 15 g. of asphalt in a 
500-ml. flask instead of using a flask or 
retort of 100 to 150-ml. capacity. 
Usually the quantity of asphalt re- 
covered lies between 50 and 100 g. 

5. While it is essential in using the 
Abson method’ to extract and recover 
the asphalt within 10 hr., with the au- 
thor’s method of recovery the asphalt 
may remain in solution for days, or 
even weeks, before it is recovered.‘ 

6. If the asphalt contains free carbon 
or other insoluble matter caused by 
excessive cracking in its handling, the 
recovered asphalt cannot be compared 
with the original asphalt, as such in- 
soluble matters have a marked effect 
on the penetration and ductility of the 
asphalt. 


Effect of Maximum Temperature of 
Recovery: 


In this investigation nine asphalts 
ranging from 49 to 270 in penetration 


5 Gene Abson, ‘Method and Apparatus for the Re- 
covery of Asphalt,’”’ Proceedings, Am. Soc. Testing Mats., 
Vol. 33, Part Il, p: 704 (1933). 

*V. B. Steinbaugh and J. D. Brown, “A Study of 
Asphalt Recovery Tests and Their Value as a Criterion 
of Service Behavior,’’ Proceedings, Assn. Asphalt Paving 
Technologists, Vol. 9, December 8, 1937, p. 138. 
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at 77 F. (25 C.) were dissolved in hot 
benzol and recovered in the standard 
D 20 flask. With the exception of 
asphalt No. 9, as shown in Table I, the 
penetration of the residue when the 
distillation was stopped at 225 C. was 
slightly higher than in the original 
asphalts. At maximum recovery tem- 
perature of 250 C. the penetrations 
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at 250, 275, and 300 C., agrees 
closely with the loss on heating on the 
original asphalt cements, the maximum 
deviation being only 0.2 per cent. 
The penetration of the residue after 
heating also agrees with the results on 
the original asphalt, the maximum 
deviation being less than 5.0 per cent 
on all asphalt except No. 9. 


TABLE I.—COMPARATIVE RESULTS WITH DIFFERENT MAXIMUM TEMPERATURES OF RECOVERY. 


| 
Asphalt by Bussow 
Asphalt Asphalt Tests 

225 C.% | 250 C.* | 275 C.* | 300 C.* 
Penetration at F. (25 C.) 59 53 51 49 
Loss at 325 F. (163 C.) 0.04% 0.33% | 0.14% | 0.16% | 0.06% 
Penetration after heating 43 48 44 42 42 
No. 2—Colombian............... Penetration at 77 F. (25 C.) 64 65 64 64 62 
Loss at 325 F. (163 C.) 0.04% 0.28% | 0.16% | 0.07% | 0.06% 
Penetration after heating 58 58 59 59 
No. 3—Venezuelan.............. Penetration at 77 F. (25 C.) 88 92 86 85 84 
Loss at 325 F. (163 C.) 0.16% 0.45% | 0.20% | 0.18% | 0.12% 
Penetration after heating 78 72 76 76 75 
We. 4—MexICAR.........0ccccccces Penetration at ps F. (25 C.) 97 103 100 97 98 
Loss at 325 F. (163 C.) 0.18% 0.45% | 0.26% | 0.20% | 0.12% 
Penetration after heating 92 88 90 91 92 
No. 5—Mexican-Colombian...... Penetration at 77 F. (25 C.) 121 123 | eee 107 
Loss at 325 F. (163 C 0.10% 0.40% | 0.20% | ...... 0.15% 

Penetration after heating 105 100 
No. 6—Venezuelan.............. Penetration at AA ys. (25 C.) 201 205 204 176 190 
Loss at 325 F. (163 0.08% 0.29% | 0.28% | 0.20% | 0.10% 

Penetration after lies 172 165 174 

eS eee eee Penetration at 77 F. (25 C.) 205 215 200 197 200 
Loss at 325 F. (163 C. 0.30% 0.35% | 0.26% | 0.32% | 0.12% 

Penetration after heating 183 177 175 181 
No. 8—Mexican............. Penetration at 77 F. (25 C.) 235 243 229 
Loss at 325 F. (163 C.) 0.44% 1.00% | 0.65% | 0.50% | ...... 
Penetration after heating 200 192 195 | or 
No. 9—Mexican........ Penetration at 77 F. C.) 270 260 252 
Loss at 325 F. (163 C.) 0.21% 0.40% | 0.15% | 0.16% | ...... 


* Maximum temperature. 


could be considered checks of the pene- 
tration of the original asphalts as the 
maximum variation, except for No. 9, 
was only 6 points; with asphalt No. 9 
the recovered asphalt was 18 points 
(6.7 per cent) lower in penetration than 
the original asphalt. 

The loss on heating for 5 hr. at 
163 C. and the penetration after heating 
are shown for the original and the 
recovered asphalts. In Table I, the 
loss on heating of all asphalts recovered 


Comparison with Abson Method: 


Fresh benzol solutions were made up 
of asphalts Nos. 4, 6, and 7, and the 
asphalt was recovered by Abson’s 
method as well as the author’s method. 
As Abson, in his paper, stated that he 
preferred a maximum temperature of 
150 C. to the usual 163 C. for asphalts 
softer than 100 penetration, both tem- 
peratures were used for the Abson 
recoveries on asphalts Nos. 6 and 7. 
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The comparative results are given in 
Table II. 

In Table II, an unexpected result was 
obtained with the asphalts recovered 
by the Abson method. The penetration 
of the residue after the loss on heating 
test was always lower than on the residue 
from the loss on heating test on the orig- 
inal asphalt and was also lower than the 
penetration of most of the residues after 
loss on heating from the asphalts re- 
covered by the Bussow method. This 
was true even when the loss on heating 
of the Abson recovered residue was 
lower than the loss on heating of the 
original asphalt. The number of Abson 


recovered by the Abson method as 
compared with an average gain of 0.2 
points (0.5 per cent) in penetration and 
an average gain of 20 cm. (40 per cent) 
in ductility when recovered by the 
Bussow method. 

Steinbaugh and Brown concluded 
that the temperature of 300 C. used in 
the Bussow method was extreme when 
compared to the paving plant tempera- 
tures, which rarely exceed 190 C., and 
that the marked increase in ductility, 
more than 100 per cent in a few of their 
asphalts, was caused by the high tem- 
perature used in the recovery. They 
also concluded that the temperature of 


TABLE II.—COMPARATIVE RESULTS OF THE ABSON AND BUSSOW METHODS. 


Recovered Asphalt 


Asphalt Tests 


Bussow Method 


23s C.* 250 275 300 


No. 4—Mexican...| Penetration at 77 F. (25 C.) 
Loss at 325 F. (163 C.) 
Penetration after heating 
No. 6—Venezuelan.| Penetration at 77 F. (25 C.) 
Loss at 325 F. (163 C.) 
Penetration after heating 
No. 7—Mexican....| Penetration at 77 F. (25 C.) 
Loss at 325 F. (163 C.) 
Penetration after heating 


103 
0.45% 
88 


100 97 98 

0.26% 0.20% 0.12% 
90 91 92 
205-210! 

0.29-0.30% 0.28-0 
165-170 


215-226) 
0. 38% 0.35-0.32% 0.30-0 
170| 177-185) 


204-203 176-174 190-192 
-307%|0.20-0. 16% 0.10-0.12% 
174-172 0-14 170-171 


195-200 200 
-26% 0.12% 
175-180 8 177 


* Maximum temperature. 


recovered asphalts reported is not suffh- 
cient to warrant drawing a definite con- 
clusion as to the cause of the drop in 
penetration as compared with the re- 
sults on the original asphalts. 


Ductility of Recovered Asphalt: 


Ductilities are not reported on any 
of the asphalts as they would all have 
been over 100 cm. In connection with 
ductilities of recovered asphalts, Stein- 
baugh and Brown® found that in the 
recovery of laboratory oxidized asphalts 
ranging from 17 to 53 in penetration 
and 38 to 80 cm. in ductility, there 
was an average loss of 2 points (6 per 
cent) in penetration and an average loss 
of 11 cm. (23 per cent) in ductility when 


recovery was not a major factor in caus- 
ing the loss of ductility in all the Abson 
residues. 

The author cannot agree with their 
conclusions. In manufacturing blown 
asphalts at the refinery, temperatures in 
excess of 315 C. (600 F.) are used as 
compared to the 300 C. (570 F.) used 
in the author’s method of recovering 
asphalts. The blown asphalts used by 
Steinbaugh and Brown were oxidized 
at temperatures of 480 to 500 F. (250 
to 260 C.), considerably below the 
570 F. (300 C.) temperature of the 
recovery. The author believes it to be 
necessary to heat the recovered asphalt 
to a temperature close to usual refinery 
temperatures in order to secure the same 
~*~ 
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conditions of mutual solubility that 
control the ductility of the original 
asphalt. It is unfortunate that they 
did not heat their original oxidized 
asphalts to 300 C. or use a maximum 
recovery temperature of 260 C. and ob- 
serve the effect on the ductility of the 
asphalts. 

Steinbaugh and Brown found that all 
asphalts recovered by the Abson method 
when heated in a flask as in recovery by 
the Bussow method, gained in ductility 
and could be considered checks of the 
residues recovered by the latter method. 
This points to the obvious conclusion 
that the temperature of recovery is a 
very important factor in causing the 
loss in ductility of asphalts recovered 
by the Abson method. 

The asphalt refiners learned long ago 
that when they altered the character of 
asphalts by blowing with air at relatively 
low temperatures, it was necessary to 
raise the temperature at the end of the 
blowing to insure the production of a 
good asphalt cement that would not 
become oily or waxy on standing. It 
seems logical to infer that where the 
character of an asphalt has been altered 
by dispersion in a solvent in which its 
component parts are not all equally 
soluble, the less soluble components 


will separate first upon the evaporation 
of the solvent, and may not be restored 
to their former condition of mutual 
solubility with the other components 
of the asphalt until the asphalt has been 
heated to the temperature at which it 
was originally formed, or to some lower 
temperature that will permit the same 
degree of mutual solubility of the com- 


onent parts. 
athe 


Soft asphalts may be recovered by the 
Bussow method by using a maximum 
temperature of 250 C. but the author 


Conclusion: 


_ prefers a maximum temperature of 


300 C. for asphalts less than 100 pene- 
tration. Asphalts up to 200 penetra- 
tion may even be recovered at 300 C. 
as is shown by the loss on heating and 
penetration after heating of the residues 
recovered at that temperature. The 
only exception is asphalt No. 5 which 
was not a refinery product but was 
prepared in the laboratory by fluxing 
asphalts Nos. 2 and 8. This exception 
illustrates the weakness and danger of 
drawing conclusions from laboratory 
prepared samples as to the value and 
accuracy of asphalt recovery methods 
applied to commercially refined asphalts. 
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Ra AN EXTRACTION METHOD FOR THE DETERMINATION OF 


rig METALS IN BOILED LINSEED OIL AND DRIERS © 


Frank Gorrscu! anp BENJAMIN GRODMAN! 


rd’ 


SYNOPSIS 


‘an It has been suspected for a long time that the prevailing method employed 
to determine the amount of metals in boiled linseed oil and in driers was subject 


ne to considerable error. 


2m The impossibility of securing satisfactory duplicate 
results and the difficulty inherent in the operation of reducing the sample to 


_ ash for the analysis led to the development of the extraction method herein 


sample by means of suitable acids. 


proposed in which the metals are extracted directly from a solution of the 
The apparatus employed may be the usual 
laboratory equipment or a special type recommended in the A.S.T.M. Tenta- 


tive Method of Test for Tetraethyl Lead in Gasoline (D 526 —- 39 T)? 


DESCRIPTION OF THE ASHING METHOD® 


In the ashing method, 10 or 25 ml. 
of the sample are ignited by playing a 
flame of a burner over the surface. 
When most of the oil has quietly burned 
off, the crucible is reduced to ash in a 
muffle furnace or by direct heating at a 
dull red heat until all carbonaceous 
matter is consumed. The ash is dis- 
solved in acids and the separation and 
determination of the metals are made 
in accordance with the A.S.T.M. Tenta- 
tive Methods of Chemical Analysis of 
Aluminum and Light Aluminum Alloys 
(B 40 36 T).4 

This method was employed for the 
estimation of lead, manganese, cobalt, 
and zinc in boiled linseed oil and driers. 
The results so obtained were found to be 
low and inaccurate in respect to lead 


1 Principal Chemist, and Senior Chemist, res) 
Central Testing Laboratory, Department of 
City of New York 

21939 Book of A.S.T.M. Seetet, Part III, p. 630. 

* Federal Specification JJJ-O-331; also Standard 
Methods os Testing Drying Oils (D 385 39), 1939 Book 
of A.S.T.M. Standards, Part II, p. 718. 

4 Tentative Methods of Chemical ye of Alumi- 
num and ht Aluminum Alloys (B 40-36T), 1939 
A.S.T. =. Met ods of Chemical Analysis of Metals, p. 91. 


tively, 
urchase, 


and zinc, but fairly accurate in the case 
of cobalt and manganese. 

At the best the ashing method re- 
quires careful manipulation and strict 
attention to the operation of ignition 
and ashing. With lead driers, a high 
ignition temperature leads to fusion of a 
part of the lead with the glaze of the 
porcelain crucible. The leaded glaze 
resists the action of the acid used in 
dissolving the ash, and thus some lead 
is lost. With zinc driers a high ignition 
temperature leads to loss by sublimation 
of a considerable portion of the total 
zinc content. With cobalt and manga- 
nese driers too high an ignition tempera- 
ture leads to loss of their oxides by 
fusion with the glaze of the porcelain 
crucibles in case porcelain ware is used. 
This loss by fusion can be eliminated 
if platinum dishes are used. 

Another difficulty encountered in the 
ashing method is that of loss by air 
drafts. If the ashing is not properly 
protected against drafts, a part of the 
ash _ be blown away. 
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THE PROPOSED EXTRACTION METHOD 


A method is proposed which elimi- 
nates the difficulties described for the 
ashing method, and which possesses 
the advantage that no special skill is 
required. It involves an acid extraction 
process whereby the metals are separated 
from their compounds in the form of 
their chlorides or nitrates. Holley® de- 
scribes a method for determining the 
drying salts in Japans and driers based 
on the same principle of acid extraction, 
but his method differs from the proposed 
method in certain details. Bearn® sug- 
gests the acid extraction of lead from 
boiled linseed oil only as a qualitative 
test, but not as a quantitative one. 
The authors are not aware of any method 
for the analysis of metals in boiled 
linseed oil and driers employing the 
acid extraction principle in combination 
with the specific details further 
described. 


Principles of the Extraction Method: 


Dilution with benzol and boiling for 
1 hr. complete the conversion and 
separation of the lead. The nitric acid 
and the hydrogen peroxide effect the 
oxidation of the oil. Without the nitric 
acid and the peroxide the oil is carbon- 
ized by the sulfuric acid but not com- 
pletely destroyed. The carbonized oil 
later interferes greatly with the pre- 
cipitation and filtration of the lead 
sulfate. 


pet 
Apparatus: tal 


Two types of apparatus were use 
in this investigation: (1) a 500-ml. 
round-bottom flask with short neck and 
ground-glass joint connected to an 
Allihn water condenser with bulbed 
inner tube, and electric heater with 


5 C. D. Holley, “Analysis of Paint and Varnish Prod- 
ucts,” 1912 Edition, John Wiley and Sons, Inc., New 
York, N. Y. 

6 J. Gauld Bearn, ‘“‘Chemistry of Paints, Pigments and 
aaa Ernest Benn, Limited, London, England 


rheostat control, and a. 300-ml. separa- 
tory funnel; (2) an electrically heated 
extraction apparatus accepted by the 
Society for the determination of tetra- 
ethyl lead in gasoline.” 

The reagents employed are: af 


(a) Benzol (90 per cent grade). eh 
(6) Dilute hydrochloric acid (one 
part acid to one part water). 
(c) Concentrated nitric acid. 
(d) Concentrated sulfuric acid. " 
(e) 3 per cent hydrogen peroxide. — 


Léa Boiled Linseed nla 


Using the first type of apparatus 
34.17 g. of the oil (the equivalent of one 
half of the factor weight of lead in lead 
sulfate) are weighed and transferred 
into the 500-ml. flask, using benzol for 
washing. More benzol is added to make 
a total volume of 75 ml. benzol used. 
Then 75 ml. of dilute hydrochloric acid 
and a half dozen glass beads are added, 
and the flask is connected with the 
water condenser. The flask and con- 
tents are heated for 1 hr. at boiling 
temperature. Digestion for 1 hr. is 
adequate for the complete conversion 
of the lead compound into the water- 
soluble chloride. 

The hot solution is transferred to 
the 300-ml. separatory funnel and the 
solution is allowed to settle for a few 
minutes or until the benzol layer sepa- 
rates out sharply and completely. The 
acid layer is removed and _ filtered 
through filter paper into a 400-ml. 
beaker. The benzol layer is transferred 
back into the flask, 75 ml. of water 
added and boiled as before for a few 
minutes. The hot solution is again 
transferred to the separatory funnel 
and the layers allowed to separate 
clearly. The aqueous layer is removed 
and filtered through the same paper 
into the beaker holding the first filtrate. 
Fo the filtrates, 5 ml. of concentrated 
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nitric acid, 5 ml. of hydrogen peroxide, 
and 10 ml. of concentrated sulfuric acid 
are added. ‘The determination of lead 
as lead sulfate is then made as usual.’ 
Evaporation of the solution to SOs 
fumes should be carried out twice in 
order to insure the complete expulsion 
of the nitric acid. The weight of lead 
sulfate multiplied by two gives the 
percentage of metallic lead in the oil. 

Inasmuch as a significant amount of 
siliceous matter has been found accom- 
panying the lead sulfate, correction 
should be made by dissolving the lead 
sulfate as weighed with hot saturated 
ammonium acetate solution and wash- 
ing the crucible with hot water until free 
from salts. The weight of the ignited 
residue is deducted from thetotal. The 
siliceous matter originates from the 
action of the acids and the peroxide 
upon the glass beaker. 

Using the second type of apparatus 
the operations of transferring and re- 
transferring the solutions to a separatory 
funnel are eliminated, resulting in the 
saving of time and labor. 

The same quantity of sample as was 
used for the first type of apparatus is 
taken and, as before, transferred by 
means of benzol to the special apparatus 
described in D 526.2 Seventy-five milli- 
liters of dilute hydrochloric acid are 
added, and heated to gentle boiling by 
the electric coil heater for 1 hr., the heat 
being controlled by means of the rheo- 
stat. The heat is discontinued and the 
contents allowed to settle for a minute 
or two. The lower acid layer is then 
filtered into a 400-ml. beaker. Seventy- 
five milliliters of water are added to the 
extractor, boiled for a few minutes, and 
filtered through the paper into the 
beaker containing the first filtrate. The 
procedure is then as described for the 
first type of apparatus. 


7 Standard Methods of Chemical of 
Pigments (D 34 - 39), 1939 Book of A.S tandards, 
Part ve p. 676. ead as sulfate.) 


The procedure for the determination 
of lead in driers is the same as for 
linseed oil in all but two respects, 
namely, the size of the sample and the 
kind of acid used for the extraction. 
The size of sample depends upon the 
metallic lead content. For a drier 
containing 32 per cent of metallic lead 
3 to 5 g. are ample; for a drier of a 
much lower metal content a larger 
sample should be taken. Dilute nitric 
acid (1:2) is used instead of dilute 
hydrochloric acid in view of the greater 
solubility of the lead nitrate in water. 
This allows of the taking of an aliquot 
portion for the lead determination 
without the trouble caused by the 
separation of the lead salts. In case 
calcium is also present in the drier, the 
lead is first separated from the calcium 
by hydrogen sulfide, and t then precipi- 
tated as the sulfate. ~~ 


Manganese in Driers: aes 


In determining manganese in driers, 
the extraction is carried out as described 
for lead in driers. The extracted solu- 
tion is transferred to a 200-ml. volu- 
metric flask and made up to volume. 
A 25-ml. aliquot is removed into a 
250-ml. beaker or Erlenmeyer flask, 
25 ml. of dilute nitric acid (1:1) added, 
and boiled for 10 min. Sodium bis- 
muthate is added sufficient to precipitate 
only part of the manganese. The 
boiling, is continued for a few minutes, 
and then the manganese oxide is re- 
duced with a minimum amount of 
sulfurous acid or ferrous sulfate.* After 
boiling the solution is cooled in cold 
water. An excess of sodium bismuthate 
is added to insure the complete 
oxidation of the manganese to the 


8 Standard Methods of Chemical Analysis of Steel, 
Cast Iron, Open-Hearth Iron and Wrought Iron 
(E 30 - 39), _ don S.T.M. Methods of Chemical Analysis 
of Metals, p. 
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permanganate state. The solution is 
filtered through an asbestos pad to 
remove the excess bismuthate, and then 
titrated with standard 0.1 N ferrous 
ammonium sulfate. In the presence 
of cobalt the manganese should be 
determined by the ammonium per- 
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Dilute hydrochloric acid (1:1) is used 
instead of nitric. The size of the 
sample taken for analysis depends upon 
the metal content. A convenient and 
satisfactory method for determining the 
metal is the electrolytic one described 
by Hillebrand and Lundell.’ Either 


TABLE I.—PERCENTAGES OF METALS FOUND IN BOILED LINSEED OIL AND DRIERS. 


Lead 


Manganese 


Cobalt Zinc 


‘od Method Muthod 


fib.» yo 


Ash Extrac- Ash ti 
Method Method and De- 


Extrac- 
Ash 
tion Extrac- 
Method Method tion 
and De- Method 
position 


Extrac- 


position 


Boiled Linseed Oil No. 1 0.0158 0.0194 


0.0183 0.0196 


Boiled Linseed Oil No. 2 0.0178 0.0220 


0.0160 0.0228 


Boiled Linseed Oil No. 3 0.0120 0.0180 


0.0196 


UVSL Liquid 32% No.1......| 29.71 32.40 


UVSL Liquid 32% No. 2....... 


UVSL Liquid 6% 


UVSL Liquid 6% No. 1........ 


UVSL Liquid 6% No. 2 


UVSL Liquid 8% 


NUDX 24% No. 2............. 


6.92 7.63 
7.20 7.70 


sulfate and arsenite method, but not 
by the bismuthate.® 


Except for the acid the procedure for 
extracting the cobalt from driers is the 
same as for lead or manganese in driers. . 


Cobalt in Driers: 


H. A. Gardner, “Physical and!Chemical Examination 
of Paints, Varnishes, Lacquers and Colors,” Ninth Edi- 
tion, p. 307, Institute of Paint and Varnish Research, 
Washington, D. C. (1939) 


all or an aliquot portion of the extracted 
solution is used for the analysis. In 
case lead, manganese, etc., are also 
present in the sample, the cobalt 
should be separated from them by a 
standard procedure before pursuing 
with the electrolysis. The electrolytic 
method in brief is as follows: 


_10W. F. Hillebrand and G. E. F. Lundell, “‘Applied 
Inorganic Analysis,”’ 1929 Edition, John Wiley and 4 
Inc., New York, N. Y. 
«= 
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To the cobalt chloride solution in a 
250-ml. beaker add ammonium hydrox- 
ide until slightly alkaline. Filter if 
necessary. Add 20 g. of ammonium 
sulfate, 2 g. of sodium bisulfite, and 
35 ml. of concentrated ammonium 
hydroxide. Dilute to about 200 ml. 
and electrolyze, using platinum gauze 
electrodes and a current density of 0.2 
to 9.3 amp. per sq. dm. The elec- 
trolysis is complete when the solution 
turns colorless. Wash the deposit with 
water and alcohol, and dry at 100 C. 
for a few minutes. The cobalt deposit 
should be free from black stains. Black 
stains indicate oxidation, and the de- 
posit calculated as pure cobalt is 
incorrect. The black stains can be 
prevented by keeping the gauze elec- 
trode totally immersed in the liquid 
during the electrolysis. 


Zinc in Driers: a 

In determining zinc in driers, the 
extraction is carried out as described 
for cobalt in driers. The extracted 
zinc chloride solution is received into 


a 400-ml. beaker and boiled for several 
minutes to expel the small amount of 


aff & 
26 


- he 


benzol. The excess acid is neutralized 
with ammonium hydroxide, 6 ml. con- 
centrated hydrochloric acid added, and 
the solution diluted to 300 mi. 
It is heated to boiling and titrated 
with standard potassium ferrocyanide 
solution." 


SUMMARY AND CONCLUSION 


The metals lead, manganese, cobalt 
and zinc are extracted completely from 
their organic compounds contained in 
boiled linseed oil and driers by use of 
either dilute hydrochloric or dilute 
nitric acid with the assistance of heat 
and benzol. 

Table I shows the results obtained 
by the ashing method and by the 
extraction method for lead, manganese, 
cobalt and zinc in boiled linseed oil 
and naphthenate driers. These results 
show that the extraction method as 
proposed is accurate and dependable 
for all of the four metals tested, while 
the ashing method is satisfactory for 
only manganese and cobalt. 


11 Tentative Methods of Chemical Analysis of Silver 
Solders (B 81 - 36 T), 1939 A.S.T.M. Methods of Chemical 
Analysis of Metals, p. 189. 
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Mr. H. E. Smitu.t—A good many 
years ago I tried the cold extraction of 
lead from boiled linseed oil dissolved in 
ether, but found it was a difficult 
subject. After 10 or 15 washings with 
dilute nitric acid there was still a little 
lead left in the oil. The direct ignition 
of organic matter containing lead or 
zinc always results in loss. To over- 
come this, in determining the driers in 
either oil or japan driers, I have used a 
modified method of ashing the organic 
matter. Instead of burning the sample 
directly, the dish is set high over a 
lamp and the oil evaporated without 
ignition. If it happens to take fire, 
the dish is covered immediately and 
after it has cooled somewhat, the evapo- 
ration is started again. In this way the 
oil can be brought to a char at a very 
low temperature. The char is extracted 
with hot dilute nitric acid, filtered and 
washed, after which the char burns 
readily. If only the “total driers’ is 
wanted, next add the nitric acid solution 
to the ash in the dish, evaporate and 
ignite. If the drier metals are to be 
determined separately, it is better not 
to ignite, but to dissolve the ash in hot 
hydrochloric acid and combine the 
solution with the nitric acid extract. 
For the final determination of manga- 
nese, I prefer to titrate with arsenite 
or thiosulfate rather than to use ferrous 
sulfate. 
Recently it appears that naphthenate 
driers are somewhat volatile, therefore 
if they are present, even the evaporation 


‘ Materials Engineer, White Plains, N. Y. 
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of the oil may result in some loss. The 
method now proposed by the authors 
presumably overcomes this difficulty. 

Mr. A. E. R. Westman.2—I should 
like to ask the author whether this 
method would have any application to 
dried films, such as varnish scrapings. 

Mr. FRANK Gortscu.*—In reply to 
Mr. Westman—lI think it would not 
because the dry films would be very 
difficult to dissolve. The method might 
be modified. The essential feature of 
this method is benzol, the universal 
organic solvent for these materials, and 
extraction of the solution by nitric acid or 
hydrochloric acid. If you can get the 
films dissolved in some suitable organic 
liquid, then you could proceed; or you 
might dissolve them first in some way 
in acids, and then further, use an or- 
ganic solvent. You would have to work 
that out. 

Mr. H. Levin.t—I should like to 
draw attention to a somewhat similar 
method® employed in the petroleum 
industry for determining lead soap in 
car oil. Benzene (benzol) is employed 
as solvent. The method employs ben- 
zene and glacial acetic acid for decom- 
position, thereby having a single phase 
instead of two phases. We confirm the 
authors’ experience of the convenience 
of this apparatus for decomposition. I 
do not mean that we use it primarily in 
the determination of lead soap, but we 


2 Director of Chemical Research, Ontario Research 
Foundation, Toronto, Ont., Canada. 

3 Principal Chemist, Central Testing Laboratory, 
Department of Purchase, City of New York. 

4 Supervisor, Analytical and Testing Dept., The Texas 
Company, Beacon, N. Y. 

5 Levin, Industrial and Engineering Chemistry, Ana- 
lytical Edition, Vol. 6, p. 333 (1934). 
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1212 DISCUSSION ON DETERMINING 
use it for other purposes and it is a very 
convenient apparatus. 

Mr. Gortscu.—I understand that 
Mr. Levin uses the apparatus for lead 
in gasoline. 

Mr. Levin.—That is right. 

Messrs. FRANK GOTTSCH and BEN- 
JAMIN GrRODMAN® (Authors’ closure by 
letter)—The usefulness of this method 
for the examination of dried films of 
varnish has been suggested by the com- 
ments. The dried films can be dissolved 


6 Senior Chemist, Central Testing Laboratory, Depart- 
ment of Purchase, City of New York. 
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METALS IN OILS AND DRIERS 


in a regular type of varnish remover 
and procedure given can then be fol- 
lowed for the determination of the 
various metallic driers. A commendable 
cooperation now exists between the 
American Society for Testing Materials 
and various Governmental laboratories 
and departments in extending knowledge 
of driers. It is hoped that such joint 
efforts may be broadened to include 
many manufacturers and consumers 
by the promulgation of similar research 
publications, leading to the formulation 
of intelligent specifications for this kind 
of material. mt 
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A CORRELATION OF THE CHEMICAL AND ELECTRICAL CHANGES 
OBSERVED DURING THE OXIDATION OF MINERAL 
INSULATING OIL 


There is no single test which can be used as a criterion of the chemical and 


dielectric quality and condition of mineral transformer oil for commercial use. 
The effect of oil oxidation on the chemical and electrical properties of mineral 
transformer oil and their relation to each other is determined by the nature 
of the crude stock from which the transformer oil is prepared, the type and 
degree of the refining treatment used in the manufacture of the finished 
product, and the conditions applying at the time of the oxidation. A variety 
of chemical and electrical tests give information concerning the nature and 
amount of change occurring during the oxidation. Each test is significant 
within the limits of its own scope, but in a practical sense each gives only 
general information concerning the probable over-all condition of the oil. 
Of those tests which are of practical utility in the study of oil in commercial 
use, the color and acidity values appear of some importance although labora- 
tory investigations have shown that the color and acidity change in mineral 
transformer oil cannot be used as a final gage of the potential sludge forma- 
tion characteristics. With continued oxidation a condition is eventually 
reached where the sludge-forming propensity of the oil increases rapidly 
with but little further increase in the color or acidity value. Study of the 
changes in the color and acidity of oil in individual transformers in com- 

_ mercial use, however, with frequent reference to a laboratory test for evalu- 
ating the potential sludge-forming qualities of the oil should protect against 
the continuation in service of a chemically unstable material. 

The dielectric strength test has but little direct relation to the chemical 
changes occurring in mineral traasformer oil during oxidation except in so far 
as it is affected by the increase of water solubility in oxidized oil. The di- 
electric strength of the oil is, therefore, best controlled by its own specific test 
result. The power factor of the oil must be considered as a dielectric test dis- 
tinct in its behavior from the dielectric strength and worthy of general prac- 
tical consideration in proportion to the importance of dielectric loss in the 
successful operation of the transformer. 


Mineral oil has been exhaustively its oxidation. The object of these 
studied by numerous investigators in studies has been to provide a reliable 
attempts to evaluate the chemical and _ test for the commercial selection of oils 
electrical changes which occur during of high resistance to chemical and elec- 

. trical deterioration. A second object 

1 Chemist, General Electric Co., Pittsfield, Mass. has been to provide a means for deter- 
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1214 
mining when a deteriorated oil can no 
longer be safely continued in commercial 
use. A variety of tests have been sug- 
gested. Among these have been the 
physical and chemical tests for viscosity, 
color, refractive index, specific gravity, 
total and water-soluble acidity, hydro- 
phil number, saponification, and sludge 
formation. The electrical tests sug- 
gested include the dielectric strength, 
resistivity, power factor and dielectric 
constant. Generalizations based on 
these or other special types of tests as 
affected by the oxidation of the oil 
during an empirically set up laboratory 
oxidation have been frequently found to 
be misleading and often in direct conflict. 
It is an object of the present paper to 
study the possible correlation existing 
between the more important oil prop- 
erties in order that attention may be 
closely focused on those which appear 
worthy of further study. 

In normal commercial practice, two 
oil properties have been generally recog- 
nized as being of major importance for 
the successful use of mineral trans- 
former oil. These have been the ability 
of the oil to retain a high dielectric 
strength and to resist those factors 
which promote sludge formation as a 
result of oxidation. The dielectric 
strength test on mineral transformer oils 
is in wide commercial use, but despite 
the importance of the sludging factor, 
no general agreement has been reached 
concerning the method best adapted for 
estimating the sludge-forming properties 
of the oil. From a practical standpoint, 
the increase in oil color and in oil 
acidity have been widely used to protect 
against undue oil oxidation leading to 
dangerous sludge deposition during the 
use of the oil in transformers. More 
recently the power factor test has been 
advocated as of fundamental importance 
in indicating the general chemical and 
dielectric condition of the oil in service. 

The difficulty underlying the ee 
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of transformer oil testing is largely due 
to the fact that the properties of major 
importance for the successful functioning 
of the oil in service are both chemical 
and electrical. To date no one property 
has appeared to encompass the whole 
range of requirements so that by its 
study the chemical and electrical con- 
dition of the oil can be safely guaranteed. 
The problem is made still more difficult 
by the fact that many oil-soluble con- 
taminants are known which affect one 
type of oil property, chemical or elec- 
trical, without producing more than a 
negligible effect on the other. These 
difficulties have led many operators of 
mineral-oil-filled transformers to place 
little if any reliance on the laboratory 
examination of oil drawn from trans- 
formers in commercial service. In- 
stead, periodical examination of the 
transformer core and coils is made and 
the presence or absence of insoluble 
sludge is noted. A continuation of this 
practice, together with the careful anal- 
ysis of the oil drawn from the trans- 
former at regular intervals during opera- 
tion should eventually enable the 
laboratory technician to establish a 
satisfactory method for gaging the suit- 
ability of the oil for continued use. 

In the following analysis, attention 
is directed to a consideration of the 
following tests, the methods for deter- 
mining the more important of which are 
described in the Appendix,? following as 
far as possible the published procedures 
sponsored by the American Society for 
Testing Materials: 


Oil color 

Total acidity 

Water-soluble acidity 

Viscosity 

Potential sludge 
formation 

Refractive index 

Specific gravity 


Saponification number 
Ester value 
Hydrophil number 
Dielectric constant 
Resistivity 

Power factor 
Dielectric strength 


2 See p. 1234. : 
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Of these tests, several have been 
shown to have but little value in the 
study of oil deterioration, and, for 
reasons of brevity, are eliminated from 
further consideration. These tests in- 
clude those for viscosity, refractive 
index, specific gravity, and dielectric 
constant. 

It must be clearly understood that the 
only factor considered in this paper is 
the relation existing between two or 
more properties of the oil as affected by 
oxidation and use. The time factor is 
eliminated from consideration. The 
fact that an oil may show, under certain 
conditions of oxidation, a rapid increase 
in the potential sludge formation value 
at a definite oil acidity does not neces- 
sarily indicate that the oil has but little 
oxidation and sludge resistance. In- 
deed it may be of high resistance to 
oxidation and sludge formation and may 
approach the critical acidity value only 
under extremely severe oxidation treat- 
ment. Numerical limitations for allow- 
able oil deterioration in commercial! use, 
as is subsequently pointed out in the 
discussion, are difficult to set up. The 
chemical conditions applying during the 
oxidation of the oil greatly affect the 
type of oxidation and the products 
formed. 

The purpose of the present paper will 
be attained if the result is the stimulation 
of further study in the correlation of 
those chemical and physical changes 
which occur during the oxidation of 
mineral transformer oil in the laboratory 
and in the field. Knowledge concerning 
the relation existing between such cor- 
relations and the practical oil experience 
as revealed by periodic examination of 
the transformer during use is a necessary 
prerequisite to the establishment of a 
laboratory test for gaging the commer- 
cial suitability of new and used mineral 
transformer oils. 
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The Hydrophil Test: 


A general inspection of the hydrophil 
test results reveals many interesting cor- 
relations. In general, however, the 
hydrophil value varies as a linear func- 
tion of the total oil acidity. The relation 
established is illustrated in Fig. 1. 
Since the hydrophil test appears to re- 
flect those factors generally expressed in 
terms of total oil acidity, the hydrophil 
test is eliminated from further con- 
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Fic. 1.—Relation Between the Acidity of 
Mineral Transformer Oil and Its Hydrophil 
Content. 


sideration in favor of the more com- 
monly used test for the acidity value. c 


The Resistivity Test: 


The oil resistivity and power factor 
test values measured at 100C. have 
yielded the relation indicated in Fig. 2. 
For oil resistivities lower than approxi- 
mately 5 X 10” at 100C., the power 
factor changes more rapidly with further 
oil deterioration than does the resis- 
tivity and is considered as of greater 
value in the study of oxidized oils. The 
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power factor has, therefore, been se- 
lected for detailed examination in pref- 
erence to the oil-resistivity value. 


The Color Test: hme 
The oil color test has been widely used 


as a means for studying the stability of 
new oils and the degree of oil deteriora- 
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Fic. 6.—Despite the Apparent Stabilization 
in the Color of Mineral Transformer Oil After 
Approximately 200 days of Laboratory Oxida- 
tion at 75 C. (as Indicated in Fig. 5), the 
Potential Sludge Value Continues to Increase 
Indefinitely. 


tion during transformer use. Since oil 
color in the commercial sense is fre- 
quently determined by the presence of 
oil-soluble materials which may have 
little effect on the important property of 
sludge formation, the use of oil color as 
a gage of oil condition in service is at 
once open to serious criticism. Figure 3 
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relates the oil color to the measured 
acidity for oil drawn from commercially 
operating transformers. Figure 4 re- 
lates the oil color to the potential 
sludge-forming property of these oils as 
evidenced by the high pressure oxidation 
test. In each instance, although there 
is a general relationship between the oil 
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Fic. 7.—Indefinite Increase in the Potential 
Sludge Value of Mineral Transformer Oil at a 
Substantially Constant Color Value Attained 
After Approximately 200 days of Laboratory 
Oxidation in Open-to-Air Glass Containers 
Heated at 75 C. (as Illustrated in Fig. 6) also 
Occurs when the Oil Is Oxidized in Sealed Glass 
Vessels Containing 15 per cent Air. 


properties of color, acidity and of poten- 
tial sludge formation, the wide extremes 
of the relation established clearly indi- 
cate the limitations of the color value as 
a criterion of oil quality. 

From a strictly laboratory standpoint, 
however, the color test yields interesting 
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information with respect to the potential 
sludge-forming properties of the oil. 
Mineral transformer oil has been oxi- 
dized at 75 C. in glass containers open to 
free contact with the unconditioned air 
of the heating oven. The temperature 
of 75 C. was selected as falling within the 


ceased. This is clearly indicated in the 
data of Fig. 6 which relate the potential 
sludge-forming properties of the oil as a 
function of the oil color. Whether the 
oil be oxidized alone or in the presence 
of zinc, copper, or of black varnished 
cloth, the sludge-forming tendency of 


bring 


‘b 


0.8 


tes) Wikis 


fis 


fies 


o 


bh. 


oe 


Potential Sludge Value 


oO 
w 


te 


ich jae 


ab 


lie 3 


4 


0 
vat 0 Ol 0.2 0.3 


0.4 0.5 06 O07 


Fic. 8.—Relation’ _Between the Potential Sludge Value and the Acidity of Mineral Transformer Oil 
Drawn from Commercially Operating Transformers. 


normal operating range of temperature 
to which the oils of Figs. 3 and 4 have 
been subjected. The oxidation test was 
continued for approximately 300 days. 
The oil color increased as is illustrated in 
Fig. 5. After approximately 200 days 
on test, the oil color appears to have 
reached a stable maximum value. But 
the deterioration of the oil has not 


the oil oxidized at 75 C. increases inde- 
pendent of any substantial change in oil 
color when the color value has increased 
to the range of 23 to 33, AS.T.M. As 
indicated in Fig. 7 the same lack of rela- 
tion between oil color and potential 
sludge formation is evident also when the 
oil is oxidized at 75. in sealed con- 
tainers, filled to 85 per cent of their 


ed 
ly 
ial 
as 
on 
\ 
| 
ntial 
at a 
tory 
iners 
also 
Slass 
ten- 
mes 
indi- 
oint, 
sting 


1220 CLARK ON OXIDATION OF MINERAL INSULATING OIL 


volume with transformer oil, the remain- 
ing volume being filled with uncondi- 
tioned air of 30 per cent relative hu- 
midity at 25 C. 

As a practical guide to the operator 
of mineral-oil-filled transformers, the oil- 
color test may be of value in that any 
rapid change in the color of an oil in any 
particular installation is clearly worthy 
of a more detailed investigation. As a 
criterion of oil quality in a general and 
fundamental sense, however, the oil 
color test has little if any real value. 


The Acidity Test: 


A property in wide practical use, 
second only to that of color is oil acidity. 
Invariably oil acid values are accepted 
by the practical transformer engineer as 
furnishing a real clue to oil condition. 
Oil acidity does increase with the in- 
crease in oil color during service, but the 
wide variation in the relation shown to 
exist between these properties (Fig. 3) 
clearly indicates that as a criterion of oil 
condition, the acidity determination is 
of doubtful value. This conclusion is 
supported by the data of Fig. 8 which 
illustrate the relation obtained between 
the potential sludge formation and the 
total oil acidity. The data of Fig. 8 are 
based on tests made on oil drawn from 
transformers in commercial operation. 
In general an increasing oil acid value is 
accompanied by an increased potential 
sludging value but the wide variation in 
the potential sludging value for a fixed 
acidity as obtained from samples of oils 
drawn from a variety of different trans- 
formers indicates that in a strict sense no 
fixed acid value can be set up as a limit 
for normal safe operation, although a 
carefully preserved oil acidity record 
accumulated during commercial use in a 
particular oil-filled transformer may be 
of assistance in securing satisfactory oil 
service. 


An inspection of Fig. 8, describing the 
total data obtained on oils drawn from 
numerous transformers in commercial 
use, reveals a tendency for the potential 
sludge value of the oil to increase with- 
out further increase in oil acidity above 
an acidity value of approximately 0.55. 
This limiting value of acidity, however, 
must be considered only as a guide in the 
most general sense. The exact relation 
between the potential sludge value and 
the oil acidity depends to a large extent 
on the condition of the oxidation, the 
type of transformer, the materials used in 
the transformer construction, the tem- 
perature conditions applying and other 
factors which influence the rate of oil 
oxidation and the type of oxidation 
products formed. This is indicated by 
the data illustrated in Figs. 9 and 10. 

Figure 9 shows the relation of oil 
acidity and potential sludge formation 
in distribution transformers operated 
with a continuously applied load giving 
a constant oil temperature of 80C. It 
will be observed that in accordance with 
the data of Fig. 8, the potential sludge 
value increases with increased oil acidity. 
In confirmation of Fig. 8, as the oxida- 
tion progresses, there is ultimately 
reached a condition in which the poten- 
tial sludge value of the oil increases 
without further substantial increase in 
the acidity value. Unlike the data of 
Fig. 8, however, this “runaway” condi- 
tion occurs at a much higher acid value. 
In the transformers of Fig. 9, the in- 
definite increase in potential sludge 
value without material change in the 
acidity occurred in the range of about 
3.0 mg. of KOH per gram of oil. 

Figure 10 illustrates the results ob- 
tained in a typical laboratory oxidation 
run. In order to avoid the criticism of 


the use of abnormally high oxidation 
temperatures, a criticism which is usually 
raised against laboratory investigations, 
the data of Fig. 10 were obtained during 


: 
| 


G OIL 


J NSULATIN 


4 
< 
4 
= 
= 
: 
° 
O 


JO SUOT}IPUOD UO 
‘AUPLY TIO 243 
UI 3Nq A[pidey sasvasduy [IO 
ploy ue 0} [IO Ul 94} Y}IM SaseaIDUT [IO 
JO SUOT}IPUOD 94} “OI 


"6 sad HOH “bw Ayipioy 
zio 800 900 200 O 


N 


o 


& 
a6pnis 


4add0} 441M 


Jo AjIploy oq} pue [eUI}0g 94} ‘Oly 


N 


© 
eBpnis 


| 
2 : 
a 
an 
= 
= § 
it 
TNH. 
: 
: 
out 
ly 


1222 ae CLARK ON OXIDATION OF MINERAL INSULATING OIL clea. 


an oxidation run at 75 C. in open glass 
containers. The data are of interest and 
importance in indicating that the exact 
value of oil acidity beyond which there 
occurs a “runaway” in the potential 
sludge-formation value is extremely 


oO 


metallic zinc or black varnished cloth, 
the “runaway” condition occurs only at 
materially higher values. With copper, 
the value is in the range of 0.10 mg. of 
KOH per gram. In the presence of zinc 
or black varnished cloth, the “runaway” 
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Fic. 11.—The Ester Value of Mineral Transformer Oils Drawn from Commercially Operating 
Transformers Increases in Linear Relation to the Hydrophil Content. 


variable and entirely dependent on the 
conditions of the oxidation. With oil 
alone, under the conditions of the labora- 
tory set-up, the potential sludge-forma- 
tion value increases indefinitely without 
further increase in oil acidity at an 
acidity value of approximately 0.05 mg. 
of KOH per gram. Oxidized in the 
presence of copper, or in the presence of 


value occurs at an acidity of approxi- 
mately 0.12 mg. of KOH per gram of oil. 

The results obtained indicate that 
under known conditions the acidity 
value of an oil in commercial trans- 
formers may be used to give valuable 
information concerning the suitability 
of the oil for further commercial use. 
Except in a very general sense, however, 
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Fic. 12.—A Linear Relation Exists Between 
the Ester Value and the Acidity of Mineral 
Transformer Oils Drawn from Commercially 
Operating Transformers. 


the acidity value cannot be safely used 
as a final criterion of oil quality. 


The Ester Value: i 


The ester value is defined as the 
saponification number minus the total 
acidity value. The relation of the ester 
to other oil properties as affected by oil 
oxidation bears strong resemblance to 
the total acidity value. Figure 11 illus- 
trates the relation between the ester 
value and the hydrophil number of com- 
mercially used oils. Figure 12 gives the 
corresponding relation between the ester 
value and the total acidity value. A 
linear relation is obtained between the 
ester value and the hydrophil and total 
acidity value of the oil as affected by 
commercial use. 

It has already been illustrated (Fig. 
10) that under laboratory oxidation con- 
ditions, transformer oil increases in its 
potential sludge-forming properties as 
the oil acidity increases until with con- 
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Fic. 13.—When Oxidized at 75 C. in Open-to-Air Glass Containers Under Laboratory Conditions, 
the Potential Sludge Value of Mineral Transformer Oil Increases with the Ester Value to a Point 
Beyond Which the Potential Sludge Value Increases Indefinitely Without Further Substantial 


Increase in Ester Content. 


The “stable” ester value at which this runaway condition of the potential sludge value occurs is dependent on the 


conditions of the oxidation. 
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tinued oil oxidation, a condition is ob- 
tained at which the potential sludge 
value increases in a “runaway” man- 
ner without further increase in oil 
acidity. A similar result is obtained 
when the potential sludge-forming char- 
acteristic of the oil is related to the ester 
value. This is illustrated in Fig. 13. 
With continued oxidation, potential 
sludge-formation increases with the ester 
content to a point beyond which the 
sludge characteristic increases without 
further substantial change in the ester 
value. The ester content, however, like 
the property of total acidity already 
described, has no fixed limitation of 
fundamental significance since the ‘‘run- 
away” sludge condition is obtained at 
different ester values, dependent on the 
conditions under which the oxidation of 
the oil is caused to occur. In the pres- 
ence of zinc or of black varnished cloth, 
the “runaway”’ character of the sludging 
characteristic is obtained at higher ester 
values. The only outstanding difference 
shown by the ester value as compared to 
the total acidity of the oil in its relation 
to the potential sludge value is to be 
observed when the oxidation is carried 
out in the presence of copper. Tested 
alone or in the presence of copper, the 
potential sludge-formation value of the 
oil, reaches a “runaway” condition at 
approximately the same ester content. 
In the case of total acidity, the ‘‘runa- 
way” sludging characteristic is observed 
at a higher acid value when copper is 
present (Fig. 10). 

Although the ester value may be 
worthy of further study as a criterion of 
oil quality, its marked resemblance to 
the more commonly used total acidity 
number justifies its elimination from 
further consideration in the present 
analysis. 


The Potential Sludge-Formation Value: 


The sludge-forming characteristic of a 
mineral transformer oil is usually deter- 
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mined in the laboratory by an empiri- 
cally set-up test which gives accelerated 
oxidation. In discussing the results 
obtained by such methods, it must be 
clearly understood that when an oil is so 
tested in the laboratory, its actual 
sludging property under the conditions 
of commercial use is not determined. 
The only thing which is determined is 
the summation of those changes in the 
oil which reduce its resistance to oxida- 
tion and sludge formation under the 
artificial laboratory conditions set up. 
Since the oxidation and sludge-forming 
reactions in mineral transformer oil are 
very markedly affected by the unavoid- 
able laboratory exaggeration of the 
testing conditions, the results obtained 
from such tests are designated in this 
paper as “potential sludge-formation 
values.” The increase in these values 
indicates a decrease in the resistance of 
the oil to oxidation and sludge forma- 
tion. Whether these changes are of 
commercial importance depends very 
largely on the operating temperature of 
the transformer. In a transformer, the 
oil temperature of which is maintained 
at lower than 50 C., for instance, danger 
from sludge formation in use would be 
but little increasé¢d by a relatively large 
change in the potential sludge-formation 
value. As the conditions of transformer 
operation become more severe from the 
standpoint of oil oxidation, an increase 
in the potential sludge-formation value 
of the oil becomes more important. It 
is the lack of uniformity in the possi- 
bility of oil oxidation in commercial use 
necessarily resulting from differences in 
transformer design and operation which 
prevents broad generalizations in this 
important field of oil technology. 

The potential sludge-formation value 
of a transformer oil is estimated in this 
study by the amount of sludge formed in 
the oil as a result of a 24-hr. oxidation at 
140 C. under a pressure of 250 lb. of 
oxygen. This test has been described 
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in a previous publication* and has the 
advantage of being of short duration. 


It is operated under conditions such that 
substantially no oil evaporation or vola- 
tilization of oxidation-formed products 
occurs during the oxidation run. The 
potential sludge-formation value does 
not include consideration of the sludge 
actually precipitated from the oil as a 
result of previous oxidation or use. 
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during the early stages of the oxidation 
with the increase in the second oil 
property considered. Eventually, with 
continued oil oxidation, 
reached beyond which the potential 
sludge-formation value increases rapidly 
with but little further increase in the 
second oil property (color, acid or ester 
value). 


a point is 


Figure 14 illustrates a typical labora- 
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Fic. 14.—Change in the Properties of Mineral Transformer Oil when Oxidized at 75 C. in Open-to- 
Air Glass Containers in the Presence of Metallic Copper. 


The relation between the potential 
sludging value of the oil and other oil 
properties as affected by a preliminary 
oxidation at a temperature within the 
normal operating range of transformers 
has already been illustrated in Figs. 4, 6, 
7,8, 9, 10 and 13. Whether considered 
in relation to the changing values of 
color, acidity, or ester produced by low 
temperature oxidation, the potential 
sludge-formation characteristic increases 


*F. M. Clark, “Studies in the Oxidation of Mineral 
Transformer Oil, * Proceedings, Am. Soc. Testing Mats., 
Vol. 38, Part II, p. 507 (1938). 
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tory relationship of the chemical and 
electrical changes in mineral transformer 
oil, plotted as a function of the time of 
oxidation at 75 C., with free exposure 
to air. The potential sludge-formation 
value in its increase as a function of the 
time of continued oil oxidation or in 
relation to the increasing values of the 
more commonly considered chemical 
properties of the oil, appears to be of 
significance as a criterion of oil quality. 
The importance of the problem warrants 
further consideration of the potential 
sludge- formation test. 
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Fic. 15.—The Potential Sludge Value of Mineral Transformer Oil Bears a Linear Relation to the 
= “Life” of the Oil as Determined by the Length of Oxidation Before the First Trace of 
adil Sludge Deposition Is Observed when the Oil Is Heated in Glass Beakers at 120 C. 


A variety of tests to determine the 
potential sludge-formation characteristic 
of mineral transformer oil have been 
suggested. In the work of the Society 
attention was given, first, to the time to 
produce the first traces of sludge forma- 
tion at 120 C.4 and more recently to the 
rate of sludge accumulation at 120C. 
over a period of time as long as 55 days.’ 
Because of the abnormal effect produced 
on the so-called “life” of the oil, by the 
presence of extremely small amounts of 
accidental contaminants unavoidably 
present in commercial practice, the first 
test has been abandoned in favor of the 
rate of sludge accumulation test. 

The results obtained during oil oxi- 
® dation indicate a linear relation between 
the oil “life” and the sludge accumula- 
tion test results and the potential sludge- 
formation value as determined by the 
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relations established are indicated in 
Figs. 15, 16 and 17. 

The long-time sludge accumulation 
test is undoubtedly of value in studying 
the quality and condition of transformer 
oil in service. However, the difficulties 
involved in obtaining closely controlled 
conditions of oxidation over a period of 
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perature and oxygen pressure have been 
observed. The test appears worthy 
of further consideration. 


The Power Factor Test: 


The power factor of a mineral insulat- 
ing oil is a characteristic which increases 
as the oxidation of the oil proceeds. 
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Fic. 17.—The Amount of Sludge Formed in Mineral Transformer Oil Oxidized at 120 C. in Open 
Beakers for 55 davs Bears a Linear Relation to the Potential Sludge Value. 


time as long as 55 days, together with 
the excessive evaporation of oil and its 
oxidation products have proved the test 
to be of difficult reproduction by differ- 
ent operators in different laboratories. 
These difficulties have been largely 
eliminated in the high-pressure oxida- 
tion procedure used in the present 
analysis. No abnormal effects caused 
by the use of the higher oxidation tem- 


Experience has shown, however, that the 
power factor of the oil is greatly affected 
by small quantities of conducting or 
semiconducting oil-soluble contaminants. 
Attempts to utilize the power factor 
test results as a criterion of oil quality 
and chemical condition must always be 
made with the clear recognition that oil- 
dissolved substances may be present 
which seriously affect the power factor 
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of the oil without corresponding effect 
on the dielectric strength or its chemical 
stability. 

From a strictly laboratory standpoint 
where the presence of oil-soluble impuri- 


In Fig. 18 is illustrated the relation 
established between the potential sludge 
value of the oil and the 100 C., 60-cycle 
power factor. The values are measured 
during an oxidation run at 75 C. over a 
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Fic. 18.—Under the Conditions of Laboratory Oxidation in Open-to-Air Glass Containers at 75 C. 
the Increasing Oil Power Factor Bears a Linear Relation to the Potential Sludge Value. 


ties is carefully controlled, the change 
in power factor values during the oxida- 
tion of mineral transformer oil is closely 
related to the corresponding change in 
the chemical properties of the oil such 
as, for example, that of potential sludge 
formation. 


al 


period of 300 days, the oil being main- 
tained in glass containers allowing free 
air contact with the oil surface. During 
the oxidation of the oil, examination was 
made of the effect produced by the pres- 
ence of zinc, copper and black varnished 
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indicate a linear relation between the 
increasing tendency of the oil to produce 


| sludge and the increase in oil power 


factor. The use of the power factor as 
a criterion of the chemical condition of 
the oil, however, is obscured by the fact 
that the power factor increase in relation 
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oil is oxidized alone. In the presence of 
metallic copper the power factor of the 
oil increases at a slower rate in relation 
to the potential sludge formation value. 
The result is that for a potential sludge 
value of 0.08 per cent the power factor of 
the oil varies from 4.4 per cent when the 


36 


nN 
@ 


nN 
Oo 


Nm 


Cc 

~ 

= 

a 


° 


02 O04 06 


0.8 1.0 1.2 1.4 1.6 


Potential Sludge Value 
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Oil Drawn from Operating Transformers Is Obscured by Uncontroll 
Inherent in Commercial Transformer Operation. We" 


to the increase in the potential sludge- 
formation value is greatly affected by 
the presence of contaminating materials. 
In the presence of metallic zinc, a metal 
chemically corroded by the oxidized oil, 
the power factor increases at a faster 
rate in relation to the potential sludge 
formation value than it does when the 
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oil is oxidized in the presence of black 
varnished cloth, to a value 1.2 per cent 
when a strong oxidation catalyst such 
as copper is present. This behavior 
leads to the observation that although a 
linear relation exists between the power 
factor and the potential sludge-forma- 
tion value of the oil as ae by oxida- 


ti 
= 
| 
— 
PRE SSS REY 
4 


1230 ¢ ie CLARK ON OXIDATION OF MINERAL INSULATING OIL 


tion at 75(C., the increased rate of 
oxidation and of sludging caused by the 
presence of a strong oxidation catalyst 
does not necessarily result in a corre- 
sponding increase in the oil power 
factor. 

In the practical application of the 
power factor test as a criterion of oil 
quality and conditicn the combined 
effect of materials such as are indi- 
vidually illustrated in Fig. 18, together 
with uncontrolled variations inherent in 


The Dielectric Strength Test: 


The one property of mineral trans- 
former oil which is considered of funda- 
mental importance in successful trans- 
former operation is that of the dielectric 
strength. In so far as water is a product 
of oil oxidation, it may be said that the 
dielectric strength of the oil is a function 
of oil oxidation since the presence of 
water dissolved or suspended in oil does 
lower the dielectric strength of the oil, es- 
pecially in the presence of suspended 
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. 20.—The Power Factor of Mineral Oil Drawn from Commercially Operating Transformers 
Bears Little Relation to Its Dielectric Strength. 


commercial practice, tend to obscure 
the linear relation shown to exist between 
the power factor and the potential 
sludge-formation value. The relation 
as determined from tests made on min- 
eral oil samples drawn from commer- 
cially operating transformers is illus- 
trated in Fig. 19. The wide range in 
test values prevents the general accept- 
ance of oil power factor as a gage of the 
quality or condition of transformer oil 
in commercial use except in so far as the 
dielectric loss is in itself of technical 


dust or cellulosic fibers. Since, however, 
transformers so designed as to allow the 
free oxidation of the oil, are also con- 
structed in such a manner as to allow 
the evaporation of the water formed, 
there appears to be no relation between 
the dielectric strength of the oil and 
those oil characteristics generally asso- 
ciated with oil oxidation. This is illus- 
trated in the data of Fig. 20 in which an 
attempt is made to correlate the power 
factor and dielectric strength values ob- 


*F. M. Clark, “Water Solution in High Voltage Di- 
electric Liquids,’’ Technical Paper 40-77, Am. Inst. Elec- 


trical Engrs. (1940). 14 
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tained on mineral transformer oil drawn 
from transformers during commercial 
use. Despite the dielectric change in 
the oil as represented by the increased 
power factor, the dielectric strength is 
not materially affected. 

Attempts to correlate the dielectric 
strength of oil with the increase in oil 
acidity, potential sludge value, oil color 
and oil ester value have likewise been 
unsuccessful. The nonrelating data are 
eliminated for reasons of brevity. The 
dielectric strength of the oil is a property 
substantially unaffected by direct oxida- 
tion effects although the increased solu- 
bility of water and the greater t dency 
toward emulsification in the o»idized 
oil promotes the possibility of dielectric 
breakdown in the presence of water and 
secondary impurities. 


The Nature of the Oil T Pn ee 
Refined Oil: 


The problem in gaging the condition 
and quality of mineral oil by any single 
test is made more difficult by the fact 
that insulating oils are obtained from a 
variety of crude oil sources. Each 
responds to oxidation in a manner 
dependent on its own chemical compo- 
sition. Another important chemical 
complication is introduced by the appli- 
cation of different degrees of refining 
treatment in the preparation of oil even 
from the same crude oil source. The 
mineral transformer oils in general use 
may be divided into two broad classifi- 
cations, the ‘“‘normally”’ refined oil which 
has an iodine value in the range from 10 
to 20 and the highly refined oil, some- 
times called “‘wa*er-white” oil which has 
an iodine value of substantially zero. 
In the latter class may be found the 
British A class of mineral transformer 
oils. In the former classification are the 
mineral transformer oils in general use 
in American practice. The analysis of 


the preceding paragraphs is based on the 
behavior of the “normally refined” 
American transformer oils, derived from 
Gulf Coast crude oil and possessing the 
following general properties: 


Less than No. 1, A.S.T.M. 
Neutralization number. ..Less than 0.01 mg. KOH per g. 
Saybolt Universal 
ect at 37.8 C 


The general properties of the highly 
refined mineral transformer oil discussed 
in the following paragraphs are: 


Water-white 
Neutralization number. ..Less than 0.01 mg. KOH per g. 
Saybolt Universal 
sity at 37.8 C 
gravity at 15. Pi 
C/15.5 C 0.8 


The behavior of this latter type of oil 
cannot be determined with the same 
standards as used in the study of the 
“normally” refined American trans- 
former oil although in many respects the 
same type of generalized relationships 
hold true. Unlike the less refined min- 
eral transformer oils, the highly refined 
oils appear to possess a high degree of 
resistance to sludge formation. Instead, 
the oxidation products formed are 
strongly acidic and of a type which pro- 
motes a rapid deterioration in dielectric 
properties. These oils, however, pre- 
sent a difficult problem for laboratory | 
analysis since many of the most corro- 
sive acidic products formed are easily 
volatile under the conditions of open-to- 
air laboratory oxidation. These vola- 
tile products are also of a_ highly 
conducting nature, the formation of 
which must be evaluated in a proper 
study of this type of oil. 

Figure 21 shows the change in the 
chemical and electrical properties of a 
highly refined transformer oil oxidized 
at 75C. in open-to-air containers. It 
will be observed that severe chemical 
and electrical degradation has occurred 
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Fic. 21.—Change in the Properties of Highly Refined (Water White) Mineral Transformer Oil 
when Oxidized at 75 C. Under Laboratory Conditions in Open-to-Air Glass Containers. 
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Fic. 22.—Change in the Properties of Highly Refined (Water-White) Mineral Transformer Oil 
P When Oxidized at 75 C. Under Laboratory Conditions in Sealed Glass Containers Filled 

P . with Oil to 85 per cent of the Total Capacity. 
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as compared to the behavior of the 
“normally refined” transformer oil sub- 
jected to similar oxidation even in the 
presence of copper as an oxidation 
catalyst. Oxidized in an exactly similar 
manner, except that the glass containers 
are sealed and contain oil to 85 per cent 
of their volume and unconditioned air 
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of the oxidation products. The result 
is that the power factor increase in the 
oil oxidized in sealed containers is much 
more rapid despite the lesser degree of 
chemical deterioration as compared to 
the oil tests of the open-to-air oxidation 
run of Fig. 21. The effect is illustrated 
in Fig. 23. The power factor of the oil 
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Fic. 23.—With Highly Refined (Water-White) Transformer Oil the Increase in Oil Power Factor 
with Increased Oil Acidity During a Laboratory Oxidation as Described in Figs. 21 and 22 Is 
Dependent upon the Retention or Loss of Volatile Products Formed During the Oxidation Run. 


(30 per cent relative humidity at 25 C.) 
to 15 per cent of the total volume, the 
chemical changes in the highly refined 
oil are materially reduced. This is 
illustrated in the data of Fig. 22. In 
the latter instance, the use of a sealed 
container, although allowing less total 
oxidation of the oil because of the limited 
air supply, does prevent the evaporation 


oxidized in sealed containers rises rapidly 
with but little increase in total oil 
acidity. The residual, substantially 
nonvolatile products retained in the oil 
after an open-to-air oxidation run are of 
less effect on the power factor of the 
oxidized oil. In considering the corre- 
lation of oil test properties as affected by 
oxidation, careful attention must be 
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given to the type of oil under study, its 
degree of refining treatment, and the 
conditions of the oxidation run. 


_ Is It Possible to Set Up a Single Oil Test 
as a Gage of Oil Quality and Condition? 


At the present state of knowledge, it 
appears impossible to set up any single 
chemical or electrical test as a criterion of 
transformer oil quality and condition. 
The confusion that is often claimed to 
exist in this important phase of dielectric 
engineering is to a large part caused by 
the lack of proper recognition that the 
problem of mineral oil is neither chemi- 
cal nor electrical but involves a knowl- 
edge of both properties. The electrical 
changes in mineral insulating oils pro- 
duced as a result of oxidation reflect 
fundamental changes in the chemical 
composition of the material to a degree 
entirely dependent on the source of the 


Throughout this paper the following 
mineral oil testing methods have been used: 


Color: Tentative Method of Test for Color of 

- Lubricating Oil and Petroleum by Means of 

cc. A.S.T.M. Union Colorimeter (D 155 - 39 T), 

= 1939 Book of A.S.T.M. Standards, Part III, 
p. 598. 

Acidity: Tentative Method of Test for Neu- 
tralization Number of Petroleum Products 
and Lubricants (D 188-27 T), 1939 Book 
of A.S.T.M. Standards, Part III, p. 617. 

Viscosity: Standard Method of Test for Vis- 
cosity by Means of the Saybolt Viscosimeter 

. (D 88 - 38), 1939 Book of A.S.T.M. Stand- 
: ards, Part III, p. 216. 

Potential Sludge Value: As described in a paper 
by F. M. Clark on “Studies in the Oxidation of 
Mineral Transformer Oil,” Proceedings, Am. 
Soc. Testing Mats., Vol. 38, Part II, p. 507 
— (1938). The oxidizing period was for 24 
hr. at 140 C. under 250-lb. oxygen pressure in 
the absence of copper or other accelerator. 

Ester Value: This value is obtained by sub- 
tracting the acidity value of the oil from the 
saponification number, both expressed in 
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oil, on the nature and degree of the refin- 
ing treatment, and on the conditions 
applying during the oxidation run. For 
a definite type of oil, oxidized in the 
laboratory under carefully controlled 
conditions of oxidation, empirical rela- 
tions can be established between the 
various chemical and electrical proper- 
ties of the oil. From a practical stand- 
point, however, such empirical relations 
are of only general value. The severity 
of the transformer operation, viewed 
from the standpoint of possible oil oxida- 
tion, must be carefully evaluated. Color 
and acidity measurements constitute a 
good practical yardstick for general field 
supervision of mineral oil in commercial 
use, but frequent reference to standard- 
ized laboratory potential sludge forma- 
tion and dielectric tests must be made in 
order to insure against serious and 
dangerous oxidation of the oil. 


terms of milligrams of potassium hydroxide 
per gram of oil. The saponification value is 
determined in accordance with the Tentative 
Method of Test for Saponification Number 
(D 94-39 T), 1939 Book of A.S.T.M. Stand- 
ards, Part III, p. 620. 

Hydrophil: As described by K. S. Wyatt, 
E. W. Spring and C. H. Fellows in, “A New 
Method of Investigating Cable Deterioration 
and Its Application to Service Aged Cable,” 
Transactions, Am. Inst. Electrical Engrs., 
Vol. 52, p. 1035-1043 (1933). The hydrophil 
content of the oil is expressed in area of 
film per gram of oil. 

Resistivity: This value is determined after one 
minute of 500 v. d-c. application. Con- 
centric cylinder, nickel plated brass elec- 
trodes are used, having a 0.10 in. test gap. 

Power Factor: The oil power factor is measured 
at 100 C. under a voltage of 3000 v., 60 
cycles. The test cell is exactly as described 
for the resistivity test. 

Dielectric Strength: Standard Methods of Test- 
ing Electrical Insul«iing Oils (D 117 - 36), 
1939 Book of A.S.T.M. Standards, Part III, 
p. 276. 
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Mr. J. H. Patmer! ee in 
written form).—Mr. Clark has certainly 
done an excellent piece of work in cor- 
relating and analyzing the various tests 
now in use to determine the quality of 
transformer oils. 

While I have had no experience with 
oil in connection with transformer opera- 
tion, I have had considerable experience 
with cable oils and am discussing this 
paper from the point of view of a cable 
engineer. 

Upon reading Mr. Clark’s paper I 
found myself somewhat confused. For 
just what quality are transformer en- 
gineers searching in their tests of 
transformer oil? My impression from 
this paper was that the favored tests 
seem to be for chemical stability or 
instability. Mr. Clark seems to favor 
the test for potential sludge value, 
which tests the oil under conditions of 
accelerated oxidation only. Figure 19 
shows a curve of power factor at 100 C. 
plotted against the potential sludge value. 
Mr. Clark states that “The wide range 
in test values prevents the general 
acceptance of oil power factor as a gage 
of the quality or condition of trans- 
former oil in commercial use except in 
so far as the dielectric loss is in itself of 
technical importance.” Judging from 
the curve, I should say that there is an 
even greater spread in the potential 
sludge values. Perhaps sludge forma- 
tion is one of the most important cri- 
teria for the transformer oils, especially 


if it sludge is formed in the interstices of 
1 Head of Electrical Research Laboratory, Habirshaw 


le and Wire Division, eng i Copper Products 
Corp., Yonkers Plant, Yonkers, N 
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the solid insulation. Ishould appreciate 
hearing this point explained more fully. 
Our laboratories have done consider- 
able work on stability of insulating oils 
for cables. Here, of course, conditions 
are considerably different from those 
encountered in transformers. In evalu- 
ating our oils, however, we have at- 
tempted to reproduce the conditions to 
which they are subjected in a cable, 
both physically and electrically, as in 
the various forms of bombardment 
tests now used. That these tests do 
represent cable conditions is borne out 
by the excellent correlation which we 
obtain between oil test results and re- 
sults of load cycle life tests of finished 
cables. It seems as though some pro- 
cedure of this sort could be carried out 
with transformer oils, subjecting the 
oils both to the physical conditions and 
electrical conditions present in trans- 
formers. It would appear then that the 
final criteria after aging should be elec- 
trical tests, since the transformer en- 
gineers are solely interested in whether 
or not the oil will withstand, for a 
satisfactory length of time, the elec- 
trical stress to which it is subjected. 
Mr. E. J. Rutan.2—Mr. Clark has 
presented a paper which is very valuable 
and at the same time, to me, very satis- 
fying. The value of Mr. Clark’s paper 
lies in the fact that he has presented a 
large amount of data and through these 
data has shown that many of the tests 
which have been talked of as a measure 
of insulating oil properties are not of 


.2Test Engineer, Consolidated Edison Company of 
New York, Inc., New York, N. Y. 
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great consequence. This simplification 
of the testing field is exceedingly 
valuable and it is hoped that his paper 
will be referred to by many experi- 
menters and operating engineers who 
wish information on insulating oils. 
The satisfying part of Mr. Clark’s paper 
lies in the fact that it confirms the value 
of the properties which we have been 
measuring as having practical signifi- 
cance. At the time these properties 
were selected for operating guides we 
were not sure that they were the best 
ones to use. In Mr. Clark’s paper we 
find confirmation for our program. 
Mr. Clark’s introduction of potential 
sludge value should be very helpful in 
further study of insulating oil; even 
though it is an arbitrary rating it has 
the possibilities, with the accumulation 
of data, of giving us a measuring unit for 
sludging value. We know it has not 
been possible up to the present time to 
agree on a suitable standard sludging 
test; however Mr. Clark has published 
his available data. It is hoped that this 
will serve as an encouragement to others 
to publish the results of their work and 
perhaps hasten the time when test 
methods can be agreed upon and inter- 
pretations of results become possible. 
As one interested in the operating 
limits for insulating oils, I feel that it is 
_ necessary for me to criticize the presenta- 
tion of the data in Figs. 8, 9, and 10. 
In each of these figures the oil acidity 
scale differs, and, this, in my opinion, 
has led the author to show three ap- 
"parent values of acidity at which a 
runaway sludge condition may exist. 
If all of these data had been plotted on 
one figure to the scale used in Fig. 9 
the only runaway value would have 
been shown to exist at an oil acidity of 
3.0. The data in Figs. 8 and 10 would 
have served to confirm the shape of the 
lower portion of the curve. This criti- 
cism is advanced because those com- 


DISCUSSION ON OXIDATION OF MINERAL INSULATING OIL ul 


panies who are using acidity measure. 
ments as a guide in determining oil 
conditions might be seriously misled if 
they used Fig. 8 which indicates that at 
an acid value of 0.5 there would seem 
to be a danger of excessive sludge 
formation. At the present time in our 
own company we are using a value of 
0.7. This value has been picked by 
experience and we do not have many 
sludge problems. 

Up to the present time we have been 
using as operating controls the acidity, 
color, and dielectric strength of the oil. 
We are now equipping ourselves with 
apparatus for making sludge determina- 
tions. It would certainly be desirable, 
as I mentioned before, that other in- 
dividuals publish their data so that the 
accumulated experience of several lab- 
oratories may be interpreted into the 
best operating practice. 

Mr. G. Horscu.2—As pro- 
ducers of oil we are naturally very much 
interested in anything we can leam 
from the people who make or use the 
transformers. Mr. Clark has presented 
an interesting series of relationships 
between pairs of properties of the oil 
that are affected by oxidation. We have 
run a few transformers over a period of 
several years with two or three different 
oils in them, and while we have not 
covered all of the relationships that Mr. 
Clark has in his work, nevertheless we 
have checked some of them, and our 
findings in general are consistent with 
his curves. 

It probably is presumptuous for oil 
people to say they agree with conclusions 
in a paper like Mr. Clark’s, which con- 
tains so much field data, since they are 
not in a position where they are qualified 
to do so, but as far as I can understand 
the implications of his work or his data 
I am inclined to agree with the con- 


8 Chemist, Socony Vacuum Oil Co., Paulsboro, N. J. 
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clusions he has expressed. His state- 
ment at the bottom of page 1230 that the 
oil power factor is not a gage of quality 
seems particularly pertinent. 

It may be of interest to note in con- 
nection with Fig. 2, where Mr. Clark has 
plotted the power factor as a function 


of resistivity, that if the log of the power 
factor is plotted against the log of 


resistivity, the result is very closely a 


straight line, which makes a convenient 
relationship for quickly converting from 
one to the other without plotting too 
many points. 

As regards’ dielectric strength, our 

experience checks with Mr. Clark’s, 
namely, that in the absence of water, 
breakdown does not decrease with aging, 
even to acidity as high as 1 mg. KOH 
per g. 
Finally, I should like to ask whether 
in Fig. 5 the evaporation was com- 
pensated by the addition of make-up 
oil. 

Mr. F. M. Crarx‘ (Author’s closure). 
-Because of the importance of heat 
accumulation and heat dissipation in 
the successful operation of high-voltage, 
oil-filled cable, the cable engineer is 
compelled to emphasize the necessity of 
a low and stable power factor char- 
acteristic in the oil-treated insulation of 
the cable. He is assisted in this by the 
fact that there is normally but mild 
oxidation in the cable oil during service 
use and by the fact that the limited 
number of materials used in cable manu- 
facture reduce the chance of oil con- 
tamination and erratic power factor be- 
havior. In the transformer this is not 
the case. A large number of materials 
are used in transformer design, each of 
which has some effect, great or small, 
on the chemical and electrical stability 
of the mineral oil. The function of this 
oil is in part electrical, but to an equal 


hemist, General Electric Co., Pittsfield, Mass. 
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degree its function is to provide a means 
for heat dissipation. A high loss oil 
does make heat dissipation more dif- 
ficult, but actual experience has shown 
that the problem is more greatly de- 
pendent on the proper flow of the cooling 
oil through the oil ducts and channels 
provided for this purpose. This flow 
is prevented or reduced by sludge for- 
mation in the oil. It is for this reason 
that oil oxidation and sludge formation 
have been so exhaustively studied by 
the manufacturer and user of trans- 
former oil. As shown in the paper, oil 
power factor appears to have some 
laboratory significance in its relation to 
oil oxidation. Eventually it may be 
recognized as of value even in the 
commercial use of the oil, although at 
present the vagaries of its behavior do 
not permit its use as a criterion of oil 
condition. 

Mr. Palmer’s suggestions are worthy 
of serious consideration. My own feel- 
ing is that the chemist and engineer 
interested in transformer oil are doing 
just about what the cable engineer is 
doing and are obtaining just about the 
same degree of progress. 

Mr. Rutan’s observations and criti- 
cism of the presentation of the data 
in Figs. 8, 9, and 10 are welcome. It is 
true that the larger the scale by which 
any data are plotted, the less detail one 
can observe of the behavior studied. 
The study of technical data must care- 
fully consider this fact. In presenting 
the data as in Figs. 8, 9, and 10, the 
author has adopted a method of presen- 
tation which he believes brings out 
justifiable differences in the behavior of 
the oils, differences which are believed to 
be worthy of consideration in the proper 
evaluation of the problem under dis- 
cussion. 

Mr. Horsch appears to be inexcusably 
modest. His work in the refining of 
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mineral transformer oils and his studies 
of oxidation effects have been of im- 
portance and of real assistance in the 
work of Subcommittee IV, of the 
Society’s Committee D-9 on Electrical 
Insulating Materials. The fact that 
Mr. Horsch’s investigations permit him 
to accept the conclusions of the paper 
under discussion is especially gratifying. 
In answer to Mr. Horsch’s query, it is 
to be noted that in the “open-to-air” 
oxidation runs such as those of Fig. 5, 
oil evaporation was not compensated 
. by the addition of make-up oil. 

; oe. The more one studies the behavior of 


‘ve 


mineral oil in transformer use, the more 
one becomes convinced of the danger of 
applying any set value for any specific 
oil property as a criterion for safe usage. 
Transformer design, continuity of use, 
load factor and the materials of con- 
struction in contact with the oil are 
factors which determine not only the 
degree of oxidation but to a large extent 
the type of products formed. In our 
present state of knowledge, many factors 
must be considered before final con- 
clusions can be drawn with regard to 
the usability of any particular mineral 
transformer oil. 
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The hardness test is one of the most 
useful and convenient physical tests 
which can be made on vulcanized rub- 
ber. It is easily made because the 
equipment can be simple, compact, and 
portable. It is particularly useful in 
that the test sample may be a produc- 
tion article which can be put into serv- 
ice, undamaged, after the test. Conse- 
quently the test appears in the industry 
in several modifications, and the tester 
in diverse styles. 

Several more or less readily portable 
hardness testers are available commer- 
cially. The Shore Instrument and 
Manufacturing Co. has its line of 
“Durometers,” types A, B, C, D, etc.; 
Schopper, through Testing Machines, 
Inc., has marketed a tester similar to 
the Shore type A; the U. S. Gauge Co. 
has an instrument of the same type us- 
ing the case of their pressure gage; the 
Firestone Penetrometer is another well- 
known tester of the spring-load type, as 
is the Adams Densimeter. At the pres- 
ent time the Society’s Committee D-11 
on Rubber Products is studying four 
portable hardness testers which are 
based on the specifications of the Stand- 
ard Method of Test for Hardness of 
Rubber (D 314-39),? three of these 
being spring-operated instruments, the 
fourth, a dead-load type. In addition 
to the testers mentioned above, there 
is the Pusey-Jones Plastometer, which 


1 Physical Research Laboratory, The B. F. Goodrich 
Co., Akron, Ohio 
2 1939 Book of A.S.T.M. Standards, Part III, p. 347. 


1239 


ia 


THE STANDARDIZATION OF DUROMETERS 


ihe 
| 


is a arn hardness tester rather 
than a plastometer. 

Generally speaking, portable hard- 
ness testers are spring-operated. Be- 
yond this feature they have little in 
common with each other or with either 
the A.S.T.M. tester (D 314) or the 
Pusey-Jones Plastometer (D 531- 
39 T).8 Figure 1 gives an indication of 
the disparity of results obtained with 
some of these instruments. 

The situation is little better when a 
comparison is made of several durome- 
ters made by the same manufacturer, as 
can be seen in Fig. 2, showing the 
hardness of one sample of rubber as 
measured by 20 instruments which were 
in use in one factory. If the hardness 
of this compound were specified as 
71 + 2, which is a common tolerance, 
the sample would have been rejected by 
seven of the durometers. 

Further indications of the lack of 
agreement among durometers may be 
found in the discussions of the Society’s 
Committee D-11. It is evident that a 
technique of standardization is neces- 
sary and that the fundamental principles 
should be known to designers and users. 
This paper presents a resumé of the 
theoretical laws of penetration of a ma- 
terial such as vulcanized rubber, and 
their application in standardizing Shore 
Type A durometers as an example of 
one of the widely used hardness testers. 


3 bid., p. 855. 
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G. 1.—Interconversion of Hardness Readings. 
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classical elasticity for indentations as 
high as 10 per cent of the diameter of 
the indenting sphere. At 20 per cent 
the measured penetration is not much 
greater than that predicted by the 
theory. Theory and experiment show 
that: 

1. If a rigid spherical indentor is 
pressed into an isotropic elastic material, 
the penetration d is proportional to the 
two-thirds power of the load LZ and 
inversely proportional to the cube root 
of the diameter D of the indentor, 
the proportionality factor containing 
the elastic moduli. For vulcanized rub- 
ber, where Poisson’s ratio is 3, Young’s 
modulus E can be determined by the 
relation: 


d = (0.86/E') (L'/D*) (1) 


2. The normal deflection of the sur- 
face of the rubber does not fall off 
rapidly with distance from the indentor, 
being 4 per cent of the maximum in- 
dentation at a distance from the in- 
dentor equal to ten times the radius of 
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Suggestions are made for an improved 
type of hardness tester. 


THEORETICAL BASIS 


It has been found‘ that the penetra- 
tion of vulcanized rubber by rigid 
spherical indentors follows the laws of 


* Lewis Larrick, ‘‘The Hardness of Rubber and Other 
Highly _ Materials,”’ Physical Review, Vol. 57, p. 
358 (1940). 


Instrument Number 


Fic. 2.—Comparison of Representative Type A Shore Durometers. 


Head 

sm 
contact a(=+/(dD/2)). Therefore the 
indentor should be placed several times 
this distance from a free edge. 

3. The compressive stress along the 
axis of penetration has dropped to 1 
per cent of its initial value in a distance 
equal to ten times the radius of contact. 
Consequently the thickness of the sam- 
ple should be this much. 

4. The stress system at the center of 
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contact is one of pure hydrostatic 
pressure. 

5. The normal compressive stress, , 
in the contact area at a distance, 17, 
from the center is 


p= 3L — 


where a is the radius of contact area. 
This is a maximum at the center and 
vanishes at the edge of contact. 

The problem of penetration by a 
rigid cylinder was worked out early in 
the development of Elasticity Theory. 
If a rigid right cylinder is pressed into a 
plane surface, the indentation is pro- 
portional to the first power of the load 
and inversely proportional to the first 
power of the diameter, the propor- 
tionality factor containing the elastic 
moduli. The normal compressive stress 
on the face of the cylinder 


= L/2 ra (a? — 


becomes infinite at the edge instead of 
dropping to zero as it does with the 
spherical indentor. 


THE STANDARDIZATION OF SHORE 
DUROMETERS, TYPE A 


Shore has stated® that his specifica- 
tions are as follows: “This instrument, 
in the absence of other specific demands 
made upon it with respect to calibra- 
tion of the dial, has been originally 
provided with a simple metric scale. 
It has a frustum cone impresser pin 
# in. in diameter, with the flat tip 7s 
in. The pin begins to yield and the 
indicator hand departs from zero after 
a pre-pressure of 2 oz., then proceed- 
ing up to 29 oz. at which point 100 is 
indicated on the dial. The total stroke 
of the pin is 0.1 in. so that each division 
on the dial would stand for 0.001 in. 
of depth travel, which while not regu- 


Symposium on p. 96, Cleveland Regional 
Meeting, Am. Soc. Testing Mats. (1932). (Available as 
separate publication 
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larly shown would read inversely, that 
is, the zero for the depth travel would 
be at 100 on the scale, and 100 depth 
would be at zero of the adopted scale.” 

The durometer is shown in Fig. 3. 
As the indentor /3 is pushed into the 
case, rotating about 8 with respect to 
the case, the rack 9 turns the pinion 
10 and carries the pointer 5 over_the 


Fic. 3.—The Mechanism of a Durometer. 


scale (not shown). Consequently the 
scale measures directly only the motion 
of the pin with respect to the case 
This motion is resisted by the flexing 
of spring / but the reaction of the spring 
through linkage 4 is not in the direc- 
tion of motion of the impresser pin. 
Since the radius of the arc of rotation 
of the lower end of the linkage can be 
varied considerably by moving slide 6, 
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the ioad-deflection curve of the instru- 
ment is not necessarily a straight line. 
The “stress-strain” curve of the upper 
bearing 3 is determined by the geometry 
of spring / and by the material of the 
spring but the region of this curve over 
which deflections of the pointer take 
place is determined by the length of 
linkage 4, once the nut 2 has been 
securely locked. 

As the instrument is pressed against a 
rubber surface by the knurled thumb- 
rest at the top, the pressure of applica- 
tion is transferred to the rubber through 


TABLE I.—VARIATION IN A 
DUROMETER WITH USTMEN 
COLLAR AND. LIDE. 


Adjustment 


Sample No. 3 
Sample No. 4 


. Durometer adjusted to 
normal conditions 

. Slide moved 0.02 in. to left 
of normal 

. Slide moved 0.02 in. to 
right of normal 

. Slide moved 0.08 in. to 
right of normal 

. Slide as in 4, collar turned 
two faces to right 

. Collar as in 5, slide returned 
to normal position 

. Collar as in 6, slide moved 
0.02 in. to left of normal. 

. Slide as in 7, collar turned 
two faces to left........ 

. Durometer returned ap- 
proximately to normal 
adjustments 


& & 8 & 


1 
2 
3 
4 
5 
6 
7 
8 
9 


the pin. In order that no lateral forces 
be applied to the pin, the rest plates 
F, F’ must be parallel to the surface at 
all times. If the pressure is greater 
than that just necessary to define the 
plane of reference the rubber will rise 
in the hole in F, carrying the indentor up 
with it to a falsely high hardness figure. 

We see there are three adjustments— 
position of slide 6, length of linkage 4, 
and length of pin /3—which may be 
made to change the hardness reading of 
a durometer on a given sample. How 
does each of these adjustments influence 
the reading and the load-deflection 


relation? This question was answered 
by manipulation of a single durometer, 
The effect of the first two adjustments 
was studied by moving slide 6 to the 
left and to the right of normal and by 
rotating the collar clockwise and coun- 
terclockwise, separately and in combina- 
tion. Nine settings were thus made. 
These adjustments gave the variations 
in hardnesses on four samples shown 


1000 


Adj.4 
Ady. 2 
Adj. 6 
a Adj 3 
Adj.7 
See Table I 
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Instrument Reading 
Fic. 4.—Typical Load-Scale Reading Curves. 


in Table I. It can be seen that large 
changes in hardness values of sample 
No. 1 were produced, but no significant 
change in value for sample No. 4. Be; 
cause of the coarseness of the screw in 
the turnbuckle linkage and the rough- 
ness of the trunion arm, it is difficult to 
make these adjustments precisely. 
While making these two adjustments 
the loads at four scale points were 
measured, Fig. 4. Since the curves 
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20 40 60 80 
Instrument Readino 


100 


Fic. 5.—A Non-Linear Load-Scale Reading 
Curve. 


are all of the type y = mx + 3, it can 
be seen that by these two adjustments 
the load-deflection curve of a durometer 
may be moved parallel to itself (change 
in 6) or rotated (change in m) or, gen- 
erally, may be given both translation 
and rotation. Figure 5 shows a non- 
linear load-deflection curve obtained 
when the slide adjustment was set far 
towards the left, as it has been found in 
durometers received for calibration. 

In considering the third adjustment, 
it should be noted that the length of 
pin protruding can have no effect what- 
ever on the load-deflection curve, though 
it does change the hardness reading 
obtained with any given sample of 
rubber. If d is the penetration into 
the rubber (length protruding), in inches, 


F 


 L,and L 


and S the corresponding scale reading it 
follows, from the geometry of the rack- 
and-pinion mechanism, that, neglecting 
the small departure from the straight- 
line motion of the pin, 


d = K (S,— S) = mK (L, — L)..(4) 
where: 


a constant defined by the 
geometry of the mech- 
anism, 

the scale reading when 
the base of the pin is 
flush with the surface 
of the rest-plate, 

the slope of the load- 
deflection line, and 

the corresponding loads. 


If the instrument were of the dead- 
load type the penetration from the 
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Fic. 6.—The Effect of Length of Indentor on 
Hardness Readings and Penetrations. 
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reference plane (infinite hardness) would 


be independent of the length of indentor. 
In this durometer, however, the applied 
load is nearly proportional to the move- 
ment of the indentor from its position 
at zero hardness, and the length of 
scale between zero and infinite hardness 
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values of a series of rubber blocks were 
observed for each value of S, and the 
penetration calculated by Eq. 4, with 
the results shown in Fig. 6. These data 
show that the hardness reading on any 
sample depends on the length of pin, 
and the variation in hardness readings 


Durometer No.2 


50 
Scale Reading 


Durometer No4 


50 
Scale Reading 


Fic. 7.—Load-Scale Reading Curves of Typical Durometers. 


depends on the protruding length of 
indentor. 

In order to determine the magnitude 
of the effect, a particular instrum@nt was 
adjusted by changing the pr. ding 
length of indentor to read, successively, 
95.5, 100, 105 when pressed against a 
flat piece of plate glass. The hardness 
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from this cause is greatest at the upper 
end of the scale. Therefore, this length 
must be specified with close tolerances. 

The specifications quoted at the be- 
ginning of this section are not clear and 
there is no mention of tolerances. It 
must be inferred that a linear load- 
deflection curve is assumed by the manu- 
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facturer in order that the two loads 
given shall uniquely determine the rela- 
tion. ‘That few durometers in use com- 
ply with these simple specifications on 
load is shown by the data in Fig. 7. 
Not one of these five instruments com- 
plied with the load specifications, all 
five having lower than specified ‘“‘pre- 
pressures” and three of the five having 
lower than normal 100-division loads. 
Furthermore, the durometers met 
with in use do not conform to specifi- 
cations in the other two respects in 
which specifications are given, as can 


TABLE II.—-OBSERVED LENGTHS OF PIN AND 
BASE DIAMETERS OF INDENTORS OF 


Instrument 


|per cent 


@ Badly rounded at edge. 


be seen from Table II. It is true that 
the variations in length of pin given in 
the table are not large, per se, but, as 
the data in Fig. 6 show, a slight change 
in length may make a large change in 
hardness value, especially at the upper 
end of the scale. The diameters of base 
of indentors have been found to vary 
over a wide range, from 3 per cent be- 
low, to 11 per cent above, the specified 
value. Since the penetration is theo- 
retically inversely proportional to di- 
ameter, there would be a wide variation 
in hardness readings among these five 
instruments, even when all are set to 
the same loads. 

As a result of the foregoing study of 
durometer action the following proce- 
dure for standardization was adopted 
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by the B. F. Goodrich Co. in November, 
1936: 

1. The instrument is put into good 
mechanical condition, that is, cleaned, 
bearings set properly to minimize fric- 
tion, pointer adjusted, parallax elimi- 
nated, and back-lash in the rack and 
pinion reduced as far as feasible. 

2. The base of the pin is examined 
under a micrometer microscope. If not 
flat and circular the pin is either re- 
placed or ground. 

3. The load-deflection curve is ad- 
justed to a straight line; the pre-pressure 
is taken as 57 g. (2 oz.) and the 100 
division load as 822 g. (29 oz.) on a 
0.0312 + 0.003-in. diameter indentor. 
If the diameter of the base is larger, or 
smaller, than 0.0312 in. the loads are 
changed in direct. proportion. A tol- 
erance of not more than 5 g. is permitted 
on the load at any point. 

4. The length of pin protruding from 
the rest plate is adjusted until, when the 
durometer is pressed against a flat plate 
glass surface, the pointer covers the 
100-division mark on the scale. 

5. The final check on adjustments 3 
and 4 is made with the back of the case 
closed tightly by means of both screws. 

6. During readings, the durometer is 
held with the rest plates F and F’ 
parallel to the surface of the sample and 
pressed slowly against the sample with 
just sufficient force to insure contact. 
The initial deflection is taken as the 
reading. 

It will be noticed that the departures 
from manufacturer’s standards are few, 
but that compliance with tolerances is 
rigorous. 

These standards have been in use at 
the B. F. Goodrich Co. for over three 
years, with appfoximately 70 durometers 
kept under control. Each durometer is 
returned regularly for routine inspection 
at least once a year. If, for any reason, 
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the reliability of a durometer becomes 
questionable, it is immediately sent in 
for adjustment. Thus, over a period of 
several years, data have been acquired 
on the performance of the program. 

The analysis of the first 20 durometers 
which were adjusted is illustrative of 
the value of this work. It will be no- 
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ized durometers because of the reasons 
given in the last column. These 
durometers could have been standard- 
ized if facilities were available for grind- 
ing the indentors but this was found 
unnecessary. 

The hardnesses given in Table III 
were obtained by the author. Since 


TABLE III.—ANALYSIS OF TWENTY REPRESENTATIVE TYPE A DUROMETERS. 


Hardness 
Diam- 


Face, 


eter of |Sample No. 1/Sample No. 2 Sample No. 3 Sample No. 4 


Condition of Face of Indentor 


Be- 
fore 


No. 22 75 


Flat, small nicks, edge rounded slightly, 
Flat, edge rounded slightly. 
Flat, edge rounded slightly. 
Flat, edge sharp. 
Flat, edge rounded slightly, 
t, edge sharp. 
Flat, edge sharp. 
Flat, edge rounded slightly. 
Flat, edge sharp. 
Flat, edge sharp. 


Out of round, edge rounded. 
Edge turned over in places. 
Edge rounded, surface pitted. 
Edge rounded considerably. 

Diameter greater than specification, 
edge rounded. 
Diameter greater 
edge rounded. 
Diameter greater 
edge rounded. 
Diameter greater 
surface rough. 
Surface rough and pitted, edge broken. 

Surface rough, out of round. 


than specification, 
than specification, 
than specification, 


TABLE IV.—PERSONAL VARIATIONS IN STAND- 
ARDIZED DUROMETERS. 


Hardness Read by Observer 


Si 
—_ 


36 |37 to 38| 37 to 38 
35 |34 to 35; 35 to 36 
3 40 40 


ticed (Table III) that the data are 
divided into two groups. The ten 
durometers listed above the dividing 
rule in the table were standardized 
according to the procedure given above, 
those below the rule in the table were 
calibrated by comparison with standard- 


the factor of personal prejudice cannot 
be completely eliminated by any one 
person, these data do not constitute 
reliable proof that the standardizing 
technique is successful. Proof which is 
independent of the personal factor is 
presented in Table IV. These data 
were compiled by Ivan Gazdik, of this 
laboratory, by collecting readings from 
six technical men for several compo ‘nds 
tested with their own durometers— 
which were standardized by the above 
method. Only two of the six have had 
any instruction in the author’s technique 
of reading the durometer and only one 
knew that any comparison was being 
made. 
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GENERAL PRINCIPLES OF HARDNESS 
TESTER DESIGN 


Several conclusions can be drawn 


. from this work concerning the design 


of an ideal hardness tester. Obviously 
the manufacturer must maintain defi- 
nite and close tolerances on every vari- 
able (including friction) in order that 
his instruments shall be reproducible 
among themselves. Without such close 
manufacturing tolerances the tester will 
be of little value even if it conforms, in 
theory, to the correct principles. 

The readings given by an ideal tester 
measure a fundamental physical prop- 
erty of the sample, either the elastic 
modulus or a related quantity. A 
portable tester can do this most readily 
by indicating the force required to 
produce a specified small indent. The 
non-portable laboratory instrument can 
be equipped with several weights and a 
range of indentor sizes for the measure- 
ment of a wide range of hardnesses. 

The ideal indentar itself is spherical 
(ball tipped) rather than cylindrical or 
“conical.” The flat-faced indentor pro- 
duces infinite compressive stress at the 
edge of contact (Eq. 3), causing ab- 
normal wear at the edge of the indentor, 
and making the reading sensitive to 
surface friction. The spherical indentor, 
on the other hand, receives little wear 
because the compressive stress drops to 
zero at the edge of contact. Also, the 
indentation varies with the cube root 
of the sphere diameter, rather than with 
the first power of the cylinder diameter, 
making the hardness readings with a 
spherical indentor less sensitive to slight 
variations from the specified diameter. 

The penetration produced by the 
tester can be any convenient value up 
to 10 to 15 per cent of the diameter of 
the spherical indentor. Since existing 
hardness testers employ a wide range of 
penetrations, up to 300 per cent of the 
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diameter of indentor, a sample whose 
true hardness lies at one end of such a 
scale is being examined at high penetra- 
tion, but a hardness at the other end of 
the scale is observed under very low 
indentation. ‘This is one of the reasons 
why the relation between “durometer 
hardness” and “shear modulus’ is 
subject to so much controversy in dis- 
cussions about rubber mountings. 

The sample whose hardness is being 
measured must be thick enough to 
eliminate the effect of the supporting 
surface, the minimum thickness being 
about 10 +/dD/2. With testers now 
available it is possible to reverse the 
order of hardness of two samples as 
given by different durometers if the 
softer sample is considerably thinner 
than the other. 

The ideal hardness tester has within 
itself means for establishing a reference 
plane of penetration. In the dead- 


weight instrument the zero plane can 
be approximated very closely by the 
application of a load which is negligible 
compared to the load under which the 


penetration is measured. Since the 
suggested portable tester measures force 
at a fixed penetration, the reference 
plane is determined by a flat annular 
plate on the bottom of the case, around 
the indentor. This plate must not in 
any sense be a “pressure foot.” Pres- 
sure applied to the rubber over an an- 
nular ring forces the rubber up into the 
hole, producing a false reference plane. 
In addition, rubber under compression 
is harder than normal. Consequently, 
the portable durometer is pressed against 
the sample with just sufficient force to 
insure contact between sample surface 
and reference plane. 

It should be realized that the ideal 
hardness tester considered here will give 
reproducible readings on a_ perfectly 
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elastic material. However, if the sam- 
ple shows any elastic after-effect, such 
as is present in rubber, the actual hard- 
ness will depend on the rate of applica- 
tion of load, just as it depends on the 
edhe 


temperature, and degree of stretch, of 
the sample. All of these factors must 
be fixed to attain agreement on even 
empirical “hardness” measurements 
throughout the industry. 
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Mr. E. G. Mr. 
Larrick and his company should be 
given a vote of thanks for having made 
this very excellent paper available. It 
will be of much value to the industry. 

I wish to make some remarks that 
might be considered supplementary to 
what Mr. Larrick has said, regarding 
the relationship of hardness measure- 
ments in industrial applications. Mr. 
Larrick has given us definite proof that 
indentation instruments can be stand- 
ardized, calibrated, and used in such a 
manner as to remove many if not all 
of the present objections to such meas- 
urements of rubber. 

The need for such improvement is 
urgent as is indicated by the fact that 
stiffness measurements and durometer 
readings cannot now be depended upon 
to agree better than a deviation of plus 
or minus 20 per cent from the mean. 
In other words, the maximum curve is 
approximately 50 per cent higher than 
the minimum curve. 

One limitation that: may persist no 
matter how well the indentation instru- 
ment and its use are improved and 
standardized, is the result of the present 
unavoidable variation in actual stiffness 
throughout the thickness of relatively 
thick pieces due to vulcanization vari- 
ables. 

For this and other reasons, Committee 
D-11 has adopted a load deflection type 
of test applicable to the compression 
either of pieces cut from a rubber object, 


1 Mechanical Goods The Goodyear Tire 


and Rubber Co., Inc., Akron 


or on the whole piece where a non- 
destructive test is required. This will 
supplement the hardness measurements 
and will be very useful in the event that 
such hardness determinations can never 
be taken out of the classification of 
rough measurements. 

Mr. ARTHUR W. CARPENTER2—It 
seems desirable to emphasize the point 
brought out by Mr. Larrick that with 
an indentor having a spherical face the 
depth of indentation is inversely pro- 
portional to the cube root of the diam- 
eter of the sphere, but with a flat circular 
face it varies with the first power of the 
diameter of the circle. Therefore, an 
indentation instrument having a flat 
indenting element is much more sensi- 
tive than the spherical type to small 
differences in diameter of the indentor. 
This is important when we realize how 
difficult it is to make very small in- 
dentors with a high degree of precision 
suitable for dealing with indentations 
of the small magnitude involved in the 
usual hardness measurements. Obvi- 
ously, the flat indentor is a poor choice, 
since the sphere or hemisphere would 
not have to be maintained to nearly as 
close tolerances in order to attain the 
same degree of accuracy in the hardness 
measurement. In the instrument ap- 
proved by the’ Society for testing hard- 
ness of rubber as described in Standard 
Method of Test for Hardness of Rubber 
(D 314 — 39), Committee D-11 on Rub- 
ber Products chose wisely in the light 


6 mma Testing Laboratories, The B. F. Goodrich 
‘0. 
41939 Book of A.S.T.M. Standards, Part III, p. 3473 
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of this information when use of a 
hemispherical point was specified. 

Mr. L. V. Cooper.*—One thing that 
the author did not stress is the ideal 
instrument—an instrument that meas- 
ures the force necessary to produce a 
definite indentation. 

Subcommittee XVII on Rubber Prod- 
ucts for Absorbing Vibration of the 
Society’s Committee D-11 realizes the 
need for such an instrument but as yet 
it has none to offer. If anyone has any 
ideas on such an instrument it will 
help greatly if such ideas are brought 
forward or such an instrument is sub- 
mitted for inspection. 

I definitely want to agree with the 
author that durometers as they are 
vended are certainly not commercial 
instruments. At our plant we bought 
four instruments and after photograph- 
ing the points promptly discarded the 
whole group because no two were alike. 
We did not know which was the correct 
instrument. 

With all the work that is necessary to 
bring these instruments to mechanical 
perfection, I wonder why the Goodrich 
Co. continues to use a flat pointed in- 
dentor when a hemisphere is so easily 
reproduced and can so easily be detected 
when it is out of round. 

After hearirig Mr. Larrick’s paper, I 
understand why Goodrich technicians 


* Test Engineer, The Firestone Tire and Rubber Co., 
Akron, Ohio. 
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are not opposed to the durometer as is 
the rest of the industry. They have 
instruments to use which are mechani- 
cally correct whereas the rest of the 
industry must use instruments of un- 
known mechanical conditions. 

Mr. Lewis Larrick® (Author’s clo- 
sure).—As Mr. Cooper says, the paper 
contains a discussion of the ideal port- 
able hardness tester. The chief purpose 
of the paper was, from the author’s 
viewpoint, to set forth the principles 
of design of such an instrument. 

I am sure that this durometer can 
be designed and built if there is demand 
for it. The industry must, however, 
desire it with sufficient intensity to 
justify the necessary expenditure of 
time and money by a good instrument 
maker. 

In the meantime, the industry has 
the Shore Type A durometer. Whether 
we like it or not, hardness is discussed 
in terms of this durometer. It is be- 
cause of the universal use of the Shore 
durometer that we, at Goodrich, have 
made no changes in the instrument. 

Several years’ experience has proved 
that these durometers can be stand- 
ardized. Regular inspection and cali- 
bration are as necessary as with any 
other scientific instrument. With rea- 
sonable care a durometer will hold its 
calibration; otherwise it is of little value. 


5 Physical Research Laboratory, The B. F. Goodrich 
Co., Akron, Ohio. 
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By Cartton G. Lutts? AND DAvip HIMMELFARB? 


SYNOPSIS 


Ropes and cords under tension undergo continual elongation. 
_ sponds to the creep phenomenon in metals. 
for a long enough period, the rope will actually break. 


This corre- 


Where the tension is maintaine 


Ropes are used under constant tension in a variety of ways in which care of 
property and safety of life are involved. Failure of rope due to creep thus 
assumes a certain degree of importance, and this paper describes the relation 
between the rope tension and the period of time required for a rope to fail due 


rs to its continual elongation. 


Ropes were loaded under tensile stresses ranging from 41 to 89 per cent of 


_ the rope breaking strengths. 


The periods of time required for respective 


ropes to break due to these static tensions varied from several minutes at the 


maximum tension to several hundred hours at the minimum. 
loaded, the ropes stretched at a fast rate. 


When first 
However, as the period of tension 


progressed, the rates became slower; approximately 90 per cent of the total 
stretch occurring in the same period of time as the last 10 per cent. 

_ Under tension, creep continues in a rope until a limiting elongation, repre- 

sented by the normal elongation at the breaking point, is reached. This 


_ limiting range appears to be constant regardless of the tension in the rope. ‘i 


When tension is applied to a rope or 
cord there results a continual stretch, 
and if the tension is applied by means of 
a loading screw, frequent adjustment of 
the screw must be made in order to keep 
the tension constant. 

Upon occasions involving stretch 
measurements at given loads, the authors 
have observed that a time element also 
enters into the ability of the rope to 
withstand tension. For example, a rope 
loaded with a tension in the vicinity of 
80 per cent of its breaking strength will 
stretch progressively for some time, 
then suddenly break. 


1 Opinions or assertions contained in this paper are not 
to be construed as official or reflecting the views of the 
Navy Dept., or the Naval Service at large. 

oe Materials Engineer, and Assistant Textile Technolo- 
gist, U.S. Navy Yard, Boston, Mass. 
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Apparently then, tension in rope 
presents a problem similar to creep in 
metals, and it is not difficult to visualize 
situations where due to this creep effect, 
ropes and cords will break with resulting 
damage even though they may have 
been loaded considerably below their 
normal breaking strength. 

With this in mind, an investigation 
was undertaken to determine: 

1. The relation between applied loads 
and the respective time intervals for 
breaking a rope. 

2. The rates of stretch in ropes under 
constant tension. 


TESTS ON SMALL CoTTON ROPES 


Tests were first made on small twisted 
cotton ropes approximately § in. 
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diameter. The ends of each of these  theceiling. The lower drum was loaded 


rope specimens, which were approxi- with weights to create the desired ten- 
mately 4 ft. long, were wound on two sion in the rope. After free suspension 
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ASAI Time, hr., log scale 
Fic. 1.—Periods Required to Break Cotton Ropes at Various Tensions. 
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Time, hr., log scale 
Fic. 2.—Periods Required to Break Manila Ropes at Various Tensions. 


small drums similar to the holders on of the load, the time interval for the rope 
a cordage strength testing machine, to break was observed using an electrical 
and one of the drums was suspended from _ interval timer arrangement. Several de- 
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TABLE I.—PERIODS FOR BREAKING TWISTED 
COTTON ROPES UNDER STEADY LOADS. 


Designated 15-6, 
Average Breaking Strength 
189 lb. when Broken in 
Strength Testing Machine 


Time | 


Re- 
hr. 


Load, 
per cent 
of 
breaking 

streng 


Ropes Designated 18-6, 
Average Breaking Strength 
201 lb. when Broken in 
Strength Testing Machine 


Average 
Time, 

breaking hr’ 

strength 


SSS 


TABLE If.—PERIODS FOR BREAKING 4-IN. DIAM- 
b ETER MANILA ROPES UNDER STEADY LOADS. 


Ropes Designated B, 
28 deg. Angle of Twist, 
Breaking Strength 
when Broken in 
Strength Testing Machine 


Ropes Designated D, 

22 deg. Angle of Twist, 
Average renting Strength 
3150 1b., when Broken in 
Strength Testing Machine 


Load, 
per cent 
of 
breaking 
strength 


| Time 


Load, | 
per cent | | 


breaking 
strength | | 


Re- 
quired 
Break, 

hr. 


un : 
sesh OO 


RS» 


1253 


terminations were made with each load 
in an effort to obtain a consistent 
average. 

The results of these tests are shown in 
Table I and in Fig. 1. Extrapolation of 
the curves in Fig. 1 shows that even 
while sustaining a nominal load, break- 
ing of the ropes may be expected after 
a period of time. 


TEsSTs ON MANILA ROPES 


The tests described were followed by a 
series of similar tests on 3-in. diameter 
manila ropes which were loaded with 
dead weights as high as 2500 lb. These 
ropes were tested under constant rela- 
tive humidity of 65 per cent at 70 F. 
Two sets of ropes were used, one termed 
B ropes, twisted with the normal angle 
of twist of 28 deg., the other termed D 
ropes, twisted very slack with an angle 
of twist of 22 deg. The test specimens 
were prepared by splicing the ends of a 
length of rope into eyes. One eye was 
passed through a timber of circular 
cross-section securely mounted near the 
ceiling of the room; the other eye was 
mounted over a sheave to which the 
tension weight was attached. The 
length of each test rope between the 
ends of the splices was approximately 
4ft. The results of these tests, shown in 
Table II and in Fig. 2, corroborate the 
results obtained with the small cotton 
ropes. Since the slopes of the curves 
in Fig. 2 are greater than those in Fig. 
1, sustained loading of the manila ropes 
will result in rupture faster than cor- 
responding tension in the smaller cotton 
ropes. By extrapolation of the curves 
in Fig. 2, a }-in. manila rope loaded in 
tension corresponding to a factor of 
safety of 5 (20 per cent of the breaking 
strength) can be expected to break in 
about one year as a result of the creep 
only, and if fiber degradation and other 
adverse influences set in, the life of the 
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rope even under comparatively low sus- 
tained tension becomes relatively short. 

It is interesting to note that creep 
resulting in actual breaking or fracture 
is not unusual, but has been observed in 
other fields. For example, in tests on 
lead and lead alloys described by Moore 
and others,’ sustained loads of approxi- 
mately 50 per cent the initial tensile 
strength caused rupture of the metal 
specimens in a period of approximately 
one month. 


TABLE III.—ELONGATIONS TO THE BREAKING 
POINTS UNDER VARIOUS TENSIONS— 


MANILA ROPES. 
Total 
aden 


Elongation, 


Load, per cent 
of breaking 
strength 


12.1 


per cent bE. 


The amounts of stretch at varioys 
periods while the ropes are under thei 
respective tensions are shown in Figs, 3 
and 4. All these curves were plotted 
with the amounts of stretch, expressed 
as percentages of the total stretch, as 
ordinates. 

From these curves, it will be noted 
that if half the total stretch is considered 
at a time, the first half takes place at a 
much faster rate than the latter half. 
In Table IV are shown the proportions 
of the total stretches undergone during 
the first half periods of sustained tension. 


TABLE IV.—ELONGATIONS DURING FIRST HALF 
PERIODS OF SUSTAINED LOADINGS. 


Elongation, 


per cent of 
Load, 
- per cent of Half- 
breaking Period, 
strength hr. 


0.02 


Time, total elon- 
gation during 
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_ The B and D manila ropes used in the 
tests already described suffered average 
elongations of 12.2 per cent and 8.9 
per cent, respectively, when loaded to 
their breaking points in the testing 
machine. 

In Table III are shown the total elon- 
gations during the periods required for 
the ropes to break when loaded with the 
various degrees of constant tension. 
While these results show some variation, 
they tend to show that a rope under 
tension will stretch, and as soon as the 
total stretch reaches a limiting value 
represented by the total stretch at 
its normal breaking point, the rope 
breaks. 


3H. F. Moore, et al., ‘‘The Creep and Fractures of 
Lead and Lead Alloys,”’ Bulletin No. 272, Engineering 
Experiment Station, University of Illinois (1935). 
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These data are taken directly from the 
curves in Figs. 3 and 4. 

With the exception of one rope, 
between 87 per cent and 92 per cent, 
or an average of 90 per cent of the total 
stretch takes place during the first half 
periods of sustained tension to the 
breaking point. 


SUMMARY 


When ropes and cords are loaded to 
tensions considerably below their normal 
breaking points, they are subject to con- 
tinual elongation or creep. 

As soon as these elongations reach 
limiting values represented by normal 
elongations at the breaking point, the 
ropes break. 

The time required for the loaded 
ropes to break due to creep varies from 
a matter of several minutes when the 
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load approaches 90 per cent of the stretch during the latter part of the 
breaking strength to several hundred periods of sustained tension, approxi- 
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Stretch, per cent of total elongation 
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Time, hr., log scale 
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Fic. 3.—Rates of Stretch of B Manila Ropes at Various Tensions. — 
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Stretch, percent of total elon 
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Time, hr., log scale 

Fic. 4.—Rates of Stretch of D Manila Ropes at Various Tensions. as 9 
hours at a load of approximately 40 mately 90 per cent of the total stretch 
per cent of the breaking strength. occurring in the period of time required 

When first loaded, the ropes stretch for the last 10 per cent of the total 
at a rate greatl stretch. 
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SYNOPSIS 


In previous reports of work on transparent plastics at the National Bureau 
of Standards, it was noted that accelerated aging tests made with apparatus 
employing an inclosed carbon arc as the source of ultraviolet light failed to 
correlate well with the results of outdoor exposure.?:* A detailed investiga- | 
tion of accelerated weathering of transparent plastics was, therefore, under- 
taken in an endeavor to obtain a reliable test for rapidly evaluating their 
weathering properties. 

Sources of ultraviolet light which were studied included the Weather- 
Ometer, Fade-Ometer, Eveready Accelerated Testing Unit, Sunlamps with 
S-1, S-4, and H-4 bulbs, and Cooper-Hewitt quartz-tube mercury-arc lamps. 
Many of these lamps were operated with and without Corex D glass filters. 
The effect of the temperature of the samples during irradiation was also con- 
sidered. The samples were exposed to the light with and without alternate 
cycles of wetting with water. Three different methods of wetting the speci- 
mens were employed: namely, immersion in water, spraying with water, and 
exposure to a mist-laden atmosphere in a closed cabinet. 

The effects of these different accelerated weathering conditions upon 
various types of transparent plastics were evaluated by measurements of 
light transmission and haze, and by visual examination of the specimens for 
crazing, fusing, blooming, discoloration, and warping. These results were 
compared with data obtained for specimens of the same plastics exposed to 
the weather in Washington, D. C. On the basis of these tests a method of 
accelerated weathering of transparent plastics, involving alternate exposure 
to a misty atmosphere and to light from an S-1 Sunlamp bulb, has been de- 
veloped which gives results correlating well with the actual behavior of the 
materials in outdoor exposure tests. 


en . In previous reports of work on trans- undertaken in an endeavor to obtain a 


Me parent plastics at the National Bureau 


of Standards, it was noted that ac- 
celerated aging tests made with appara- 
tus employing an inclosed carbon arc 
as the source of ultraviolet light failed 
to correlate well with the results of 
outdoor exposure.?:* A comprehensive 
investigation of accelerated weathering 
of transparent plastics was, therefore, 


reliable test for evaluating their aging 
properties. This work was carried on 
as part of a project established at the 


1 Chief, Organic Plastics Section, Junior Physicist, 
and Assistant Physicist, eeaportirely, National Bureau 
of ew Washington, D. 

. M. Axilrod and G. M. Kine, “Study of Trans- 
rent Plastics for Use in Aircraft,” Journal of Research, 
. Bureau Standards, Vol. 19, pp. 307 400. (1937). 
iG. M. Kline, **Permanence of Plastics,”” Symposium 
on Plastics, Rochester Regional Meeting, Am. Soc. esting 
Mats., p. 35 (1938). (Symposium a as a separate 
publication. ) 
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National Bureau of Standards by the 
National Advisory Committee for Aero- 
nautics to determine the suitability of 
various transparent plastics for use as 
windshields on aircraft. 


MATERIALS 


The types of transparent plastics 
examined include cellulose nitrate, cel- 


1a 

ing 

the lulose acetate, cellulose acetate-pro- 


pionate, cellulose acetate-butyrate, ethyl- 
cellulose, polymethyl methacrylate, poly- 
iia vinyl chloride-acetate, polyvinyl buty- 


eh, ral, polystyrene, and glyceryl phthalate. 
— Specimens representing materials ot 
rate tained from different manufacturers as 


well as compositions containing various 
types and amounts of plasticizers were 
subjected to a variety of accelerated 
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Fic. 1.—Sunlamp Irradiation Cabinet. 
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aging conditions. Other specimens of 
these plastics were exposed outdoors in 
Washington, Florida, and Panama. 
This report presents the results of 
accelerated aging tests on only a limited 
number of the transparent plastics 
studied and compares these laboratory 
results with those obtained by outdoor 
exposure in Washington. 


APPARATUS 


Outdoor Exposure Tests: 


and 

Flat specimens 3 by 6 in. and of dif- 
ferent thicknesses from approximately 
z's to ¢ in. were fastened in brass frames, 
with the bottom clamped tightly and 
the top and sides free to move in order 
to take care of expansion and contrac- 
tion. One-fourth of the specimen was 


— 
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shielded from direct sunlight by a metal 
strip fastened about } in. above the 
specimen. The frames were fastened 
to wooden exposure racks on the roof 
of the Industrial Building of the Na- 
tional Bureau of Standards, the racks 
facing south and being inclined at an 
angle of 45 deg. to the horizontal. 


Accelerated Aging Equipment—Light 
Sources: 


Sources of ultraviolet light which were 
Peers included the Sunlamp with 
S-1, S-4, and H-4 bulbs, Alpine mercury- 
arc lamp, Cooper-Hewitt mercury-arc 
lamp, Eveready accelerated testing unit, 
Weather-Ometer, and Fade-Ometer. 
Some of the lamps were operated with 
and without Corex D glass filters. A 
brief description of each of these light 
sources follows. 

Sunlamp BM6 with S-1 Bulb (Fig. 1). 
—The light source is a combination 
tungsten-filament me.cury-arc inclosed 
in Corex D glass which filters out most 
of the ultraviolet light below 2800 A. 
The lamp is rated at 450 w. The test 
specimen is 4 in. by 13 in. with a tapered 
end. The specimens are carried on an 
aluminum disk which is centered under 
the S-1 bulb and rests on a phonograph 
turntable, operated at 33 rpm. Two 
sets of 21 machine screws and nuts 
attached to the disk spaced equidis- 
tantly on circles 113 and 15} in. in 
diameter, respectively, support the speci- 
mens approximately in. above the disk. 
The plane of the specimens is 12 in. 
from the bottom of the S-1 bulb and 
the portion of the specimen at which 
measurements of light transmission and 
haze are made is 5 in. from the center 
of the turntable. 

S-4 Lamp.—The light source is a 
mercury arc inclosed in a quartz capil- 
lary and further enveloped in Corex D 
glass. The lamp is rated at 100 w. 
This lamp with suitable transformer was 


substituted for the BM6 Sunlamp in 
the cabinet shown in Fig. 1. 

H-4 Lamp.—tThe light source is the 
same as in the S-4 lamp. Nonex glass, 
which filters out most of the ultraviolet 
light below 3000 A, is used for the 
envelope. This lamp was also used in 
the cabinet shown in Fig. 1. In one 
test an H-4 lamp with the Nonex glass 
envelope removed was employed. 

Alpine Lamp (Fig. 2).—The light 
source is a mercury arc inclosed in a 
quartz tube. This lamp is rated at 
730 w. The specimens were carried on 
the same type of turntable used with the 
Sunlamp. The plane of the specimens 
was 10 in. from the tube. A shield of 
Corex D glass was inserted between the 
quartz tube and the specimens. 

Eveready Accelerated Testing Unit X-1 
(Fig. 3).—The light source is composed 
of two pairs of carbons; the arc shifts 
from one pair to the other at 20- to 30- 
min. intervals. Operating at 60 amp. 
arc current with 50 v. across the arc, 
the input required for this lamp on 220 
v., a.c., is 3100 w. The specimens are 
hung in metal frames on a drum which 
rotates them at 2.4 rpm. at a distance 
of 20 in. from the arc. A shield of 
Corex D glass is inserted between the 
specimens and the carbon arc. 

Fade-Ometer (Fig. 4, left).—The light 
source is composed of one long and two 
short carbons, which burn within an 
enclosure consisting of a globe of Corex 
D glass and a metal plate through which 
the carbons protrude. This lamp is 
operated on 220 v., d.c., at 13 amp. arc 
current with 140 v. across the are. 
The specimens are hung in metal frames 
at a distance of 10 in. from the arc and 
are not rotated. 

Weather-Ometer (Fig. 4, right).—The 
light source is the same as that of the 
Fade-Ometer except that only one long 
and one short carbons are employed. 
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The specimens are clamped to solid alternate cycles of wetting with water, 
aluminum frames which are fastened on Three different methods of wetting the 
a drum 15 in. from the arc and rotated samples were employed: namely, im- 
at 0.05 rpm. mersion in water, direct spraying with 
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« Fic. 5.—Fog Chamber. 
Aging Equipment—Fog_ water, and exposure to a mist-laden 
Chamber: atmosphere in a closed fog chamber 
The transparent plastics were exposed (Fig. 5). The fog chamber consists 0! 
to the ultraviolet light with and without llow 
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an enameled pan partially filled with 
distilled water. The suction tube of a 
spray unit dips into this water and the 
spray is directed against a baffle which 
isas high as the fog chamber and about 
two-thirds as wide. The specimens are 
placed behind the baffle on glass rods 
which bridge the enameled pan. 


Light Transmission and Haze Measure- 
ments: 


The effects of the accelerated aging 
treatments and weather exposure upon 
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intensity so that a current of 100 4 amp. 
is obtained from the photoelectric cell, 
the specimen is clamped against the cell 
at position a, and the decrease in cur- 
rent output of the cell is noted. To 
obtain a measure of the haziness of the 
plastic, the specimen is placed at 
aperture 5, 18 in. distant from aperture 
a, and the current output of the cell 
is again read. Haziness is defined as the 
percentage of the total light transmitted 
at position a, which is scattered when 
the sample is placed at position b. 


Fic. 6.—Hazeometer. 


the transparent plastics were evaluated 
by visual examination of the specimens 
for crazing, fusing, blooming, discolora- 
tion, and warping, and by measurements 
The 
instrument used for these latter measure- 
ments was developed in the course of 
our work on transparent plastics and 
is shown in Fig. 6. This hazeometer 
has been previously described.2 To ob- 
tain a measure of the light transmission 
of the plastic, the light is adjusted in 


of light transmission and haze. 


EXPERIMENTAL RESULTS) 


The experimental work of this in- 
vestigation can be considered in three 
phases: (1) the preliminary work with 
well-known accelerated aging equipment, 
(2) the development of a new procedure 
for accelerated aging of transparent 
plastics, and (3) comparison of various 
lamps as sources of ultraviolet light for 
use in this new method. Details of the 
experiments conducted in the first phase 
are available elsewhere.‘ 
4G. M. Kline, W. A. Crouse and B. M. Axilrod, 


celerated Weathering of Transparent Plastics,’’ Modern 
Plastics, Vol. 17, August, 1940, pp. 49-57, 86, 88. 
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Development of New Aging Test: 
Moisture contacts the specimens in 
roof exposure tests as rain and as dew, 
with the latter predominating in so far 
as number of times of occurrence is 
concerned. A spraying procedure would 
reproduce the effect of rain, but not 
that of dew which remains on the plastic 
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4 


effect with resultant distortion of vision 
through the material. This effect is 
also observed on these plastics after a 
few weeks of exposure on the roof, but 
it is not duplicated by spraying them 
with water in the laboratory aging tests 
nor by immersion in water unless ac- 
cidental collection of air bubbles causes 
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Water treatments 


Comparison of Effects of Various Wetting Methods in Accelerated Weathering of 
——_ Plastics. Source of Ultraviolet Light was the S-1 Sunlamp. 


S 
No. 3—Cel uluse ‘acetate Al 


No. 17 - Cellulose acetate B68 
No. 54—Cellulose nitrate W1 


No. 56—Cellulose acetate C16 


TABLE I.—COMPARISON OF VARIOUS METHODS OF WETTING SPECIMENS IN ACCELERATED 
AGING TESTS MADE WITH S-i SUNLAMP. 


Cellulose Acetate 
Sample A7 


Cellulose Acetate 
Sample Bos Sample C16 


Cellulose Acetate Cellulose Nitrate 


Sample W1 


» Fog Ex- 
posure 
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Light transmission, per 
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| C, Fog Ex- 
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® Measured outside of spotted areas. 


for an appreciable length of time and 


then dries without any accompanying 


washing effects. This action would 
tend to bring decomposition products to 
the surface. Furthermore, we have 
observed that repeated contact of some 
plastics with water in the form of drop- 
lets will lead to a permanent orange-peel 


unequal contact of the water with the 
plastic. On the basis of these considera- 
tions, a fog chamber was constructed in 
which the specimens are exposed to a 
misty atmosphere so that the upper 
surface becomes completely covered with 
droplets of water without being sub- 
jected to any washing action. 
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Qn ACCELERATED WEATHERING OF TRANSPARENT PLASTICS 


An experimental run was made to 
compare this new method of wetting 
the plastics in accelerated aging with 
other wetting methods. Four sets of 
samples were subjected to 500 hr. of 
ultraviolet light from an S-1 bulb under 
the following conditions of contact with 
water: 

Set A. Sprayed with water four 
times each day for 1 hr., alternating with 
1-hr. exposure to the light; run overnight 
without water cycles. 

Set B. Same procedure as A except 
for substitution of immersion in water 
in place of spraying. 

Set C. Same procedure as A except 
for substitution of exposure in the fog 
chamber in place of spraying. 

Set D. No water cycles. 

The results of light transmission and 
haze measurements on these samples 
are presented in Table I and the con- 
dition of the samples after 500 hr. of 
light exposure is shown in Fig. 7. The 
crazing of identical samples exposed to 
moisture cycles of spray, immersion, 
and fog, respectively, was about the 
same for the three types of wetting. 
However, only sample C-56, exposed in 
the fog chamber, exhibited the surface 
orange-peel that occurs characteristically 
on outdoor exposure of this particular 
material. The set of samples exposed 
only to the light was much less deterio- 
rated than the other groups; only the 
cellulose nitrate specimen D-54 was 
crazed and then only in spots where 
water accidentally came in contact for 

a short time with the specimen. 
| Following the experimental run just 
described, six runs were made with the 
sunlamp - fog chamber apparatus in 
which a total of 120 transparent plastics 
of many different types and compositions 
were tested. A specimen of a particular 
cellulose nitrate plastic was included in 
each run in order to provide information 
regarding ,the relative intensity of the 
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ultraviolet light from the six different 
S-1 bulbs employed. The results of 
these tests were compared with the data 
obtained after exposure of the same 
plastics for 1 yr. on the roof. Excel- 
lent qualitative and good quantitative 
agreement between the laboratory and 
outdoor tests was observed. 


COMPARISON OF THE EFFICACY OF 
Various Licut Sources USED IN 
CONJUNCTION WITH THE FoG CHAm- 
BER IN ACCELERATED AGING TESTS 


Although the Sunlamp with S-1 bulb 
provides a relatively inexpensive source 
of ultraviolet light, both in initial outlay 
and operating cost, and can be run for 
long periods without an _ operator’s 
attention, many laboratories with other 
types of ultraviolet light equipment may 


‘ wish to know whether combination of 


the fog chamber feature with exposure 
in their apparatus would yield results 
comparable with outdoor exposure. A 
series of tests was, therefore, made with 
a representative group of transparent 
plastics in which the light sources were 
(1) an S-1 bulb, (2) an S-4 bulb, (3) an 
H-4 bulb, (4) an H-4 bulb with Nonex 
glass envelope removed, (5) a quartz- 
tube mercury-arc lamp with Corex D 
glass filter, (6) an Eveready Sunshine- 
carbon arc with Corex D glass filter, 
(7) a Fade-Ometer carbon arc inclosed 
in a Corex D glass globe, and (8) a 
Weather-Ometer carbon arc inclosed in a 
Corex D glass globe. The radiation 
and wetting cycles that were employed, 
each 24 hr., are as follows: 2 hr. in the 
fog chamber, 2 hr. in the irradiation 
cabinet, 2 hr. in the fog chamber, 
and the remainder of the day (slightly 
under 18 hr. because of the time re- 
quired to shift the samples) in the ir- 
radiation cabinet. The face of each 
specimen which was exposed directly 
to the light was turned down in the fog 
chamber and, in addition, was wiped 
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off daily with lens paper wet with 
distilled water. The results of light 


transmission and haze measurements in 
Tar 


eT 
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Fic. 15.—Weather-Ometer - Fog Chamber Test. 
See Fig. 8 for identification of specimens. 
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Fic. 16.—Roof Exposure Test. 
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See Fig. 8 for identification of specimens. 
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because of the extreme breakdown that 
had then taken place. Figure 16 shows 
the condition of the samples after ex- 
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All specimens were exposed outdoors in Washington, D. C., for 1 yr. except as follows: No. 59 exposed for 20 months; 
No. 90 for 3 months; No. 104 for 6 months; No. 62 for 14 months; No. 95 for 9 months; and No. 105 for 9 months. 


these tests are presented in Table II. 
Figures 8 to 15, inclusive, show the con- 
dition of the samples after 500 hr. of 
light exposure, except that the test 
with the H-4 bulb with its glass envelope 
removed was discontinued after 200 hr. 
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posure on the roof for the periods noted 
in the caption. 

An analysis of these various ac- 
celerated aging tests with respect to 
reproducing roof exposure effects is 
summarized in Table III. The dif- 
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ferences between the light transmission order of 1 (best) to 8 (poorest) depending 


and haze values observed after exposure upon their agreement with the roof 
on the roof for one year and after ex- exposure figure, equal weight bein 


CYCLES IN ACCELERATED AGING OF TRANSPARENT PLASTICS. 


» 
TABLE II.—COMPARISON OF VARIOUS LIGHT SOURCES USED IN COMBINATION WITH FOG Re 
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_ ® Haze could not be measured accurately on this sample because of low light transmission attributable to discolora- 
tion rather than to clouding or crazing. 


posure in each of the accelerated aging given to plus and minus figures. In 
units were calculated. Then for each case of ties, the total points for the order 
specimen the lamps were rated in the numbers involved were divided equally a 


i 4 


hat 
ex- 
| 
ais | Roof 
Origi- lE 
nal S-1 S-4 xPo- 
men, r., | 500 hr., 
avg., | per | per 
per | cent | cent 
cent 7 
cent 
cent per cent 
| cent 
Licut TRANSMISSION OF THE PLASTICS 7 
| AGC 91.6 91.0 87.1 46.6 6 
Al7 | 90.0 90.0 87.0 ee | 2 ; 
A22 | 82.8 85.2 80.5 64.6 07 
B57 14 | 91.0 | 87.3 | 71.7 5 
B76 91.2 87.0 77.0 
B80 1.8 92.0 86.4 82.0 9 a 
B86 1.2 91.0 87.2 90.2 
B87 92.0 91.9 88.0 82.6 
Ci7 85.8 86.2 82.1 75.5 87.3. 
3B1 | 39.8 | 89.2 | 84.5 | 83.8 6 
Ni | 68.2 86.2 78.2 67.8 38.2 
87.3 85.6 76.1 
Vinyl butyral NB 7:0 | 76.6 | 72.8 | 76.0 | 75.8 9.5 
Vinyl chloride-ace- 
6.4 69.2 85.1 53.8 9.8 36.0 
L7 3.0 83.2 82.9 68.7 76.0 y 
| 4.0 93.8 94.0 91.9 93.4 93.7 
K20 4.0 93.7 94.0 91.4 92.8 91.6 
K23 2.4 92.0 93.8 90.6 91.0 90.6 a : 
| | 93.6 | 93.2 | 93.8 | 85.0 | 77.0 
Haze VALUES OF THE PLASTICS a 
Al7 5 
3 
| 
| 
0 
B87 
C17 
BB1 
Wi 
G3 
13 
Li 
L7 
athe: Methyl methacrylate 
K23 
Modified methacry-| 
ted J 
ac- 
to 
is 
dif- 


1268 Kine, Crouse AND AXILROD 


between the lamps which were tied. visual examination. It is also obvious men | 
These points were then added and the that the system of rating employed does obvio 
lamp with the lowest numerical sum was_ not give any weight to the closeness of bined 
rated 1 in Table III, the next lowest 2, the agreement with the roof exposure cours 
and so forth. In the visual examina- test, and that there may be a greater specif 
tion, the specimens were evaluated as gap between one test and its neighbor rathe 
(1) transparent, (2) semi-transparent,(3) in the order of ranking than is indicated that ] 
translucent, (4) semi-opaque, and (5) by the single point. the cz 
opaque. The agreement between the A study of Figs. 8 to 15 reveals a num- comp 
roof exposure test and the accelerated _ ber of outstanding facts concerning both Speci 
tests was rated by the same system em- the materials and the various tests. amaz 
ployed for the light transmission and Looking at the specimens in Fig. 8 copol 
haze measurements. It is readily ap- across the rows from top to bottom, the tics. 
parent from the totals shown in Table first ten specimens are cellulose acetate of she 
III that the S-1 Sunlamp proved to be plastics except No. 79. A tremendous us in 
the most suitable ultraviolet light source difference in the resistance of these a moc 
in these tests and that the H-4 lamp cellulose acetate samples to the S-1 of ple 
Sunlamp - fog chamber aging test is mate! 
TABLE, COMPARATIVE, RATINGS OF noted. Specimen No. 79 is a cellulose the 5 
acetate-butyrate material and is _par- appal 
(1 is best, 8 is poorest). ticularly outstanding among the cellu- is ne 
lose plastics in its resistance to ultra- This 
violet light, as willbemoreevidentinsome § samp 
of the later figures. Specimen No. 59 § expos 
is also a cellulose acetate-butyrate and rema: 
is quite resistant to weathering. Speci- tom | 
mens 90 and 104 are ethylcellulose tics v 
plastics, which are rapidly deteriorated resist 
when exposed on the roof. It is evident tests 
in the photograph that specimen %0, Th 
which originally was colorless, is con- expos 
can BE, siderably discolored, but the small 
obtaining the ratings shown in this table except that L1 amount of crazing on this specimen does fog cl 
was not included in rating the haze measurements. . 
not show clearly. On the roof this 9 | 
specimen is badly discoiored in three of th 
months and is also badly crazed, more so far 
closely resembling specimen 104 than with 
specimen 90 in Fig. 8 in this respect. appre 
The greatest discrepancy between roof for tl 
exposure results and the S-1 accelerated the s 
test observed in all of the experiments the Ii 
: that we have made, occurred with this It 
respect to period of exposure, tempera- articular specimen of ethylcellulose. 10 th 
ture, wetting, and light filters could Specimen 54 is the cellulose nitrate | weak 
possibly be found for the other lamps plastic which was used throughout our be re 
which would bring them into closer tests with the S-1 lamp to check the this | 
agreement with the roof tests with re- comparative intensities of the light 3000 
spect to light a haze, or emitted by the various bulbs. Speci- and ( 
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without its glass envelope was the 
poorest. 

In considering Table III it must be 
kept in mind that the time of exposure 
(500 hr.) was originally selected on the 
basis of preliminary tests with the S-1 
lamp. Other conditions of test with 
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men 62 is a vinyl butyral plastic which 
obviously is not resistant to the com- 
bined effects of light and moisture. Of 
course, this may be attributable to the 
specific plasticizer in the composition 
rather than any inherent instability of 
that particular type of resin, as was also 
the case for some of the cellulose acetate 
compositions previously discussed. 
Specimens Nos. 81 and 95 present an 
amazing contrast in the behavior of two 
copolymer vinyl chloride-acetate plas- 
tics. Specimen No. 81 is the old type 
of sheet material, originally received by 
us in 1935, whereas specimen No. 95 is 
a modified composition of this same type 
of plastic, received in 1939. The latter 
material is practically unaffected after 
the 500-hr. test in the accelerated aging 
apparatus, whereas the former product 
is nearly opaque from discoloration. 
This difference in behavior of these two 
samples has been duplicated in roof 
exposure tests on these specimens. The 
remainder of the specimens in the bot- 
tom row are methyl methacrylate plas- 
tics which are outstanding in weathering 
resistance, both in these accelerated 
tests and in roof exposures. 

The condition of the set of samples 
exposed to ultraviolet light from the 
S-4 lamp in conjunction with the regular 
fog chamber treatments is shown in Fig. 
9. It will be noted that the breakdown 
of the samples has not proceeded quite 
so far in this experiment as was observed 
with the S-1 lamp (Fig. 8), but that it is 
appreciably greater than was observed 
for the H-4 bulb (Fig. 10), which utilizes 
the same capillary mercury-arc unit as 
the light source. 

It is apparent from inspection of Fig. 
10 that the H-4 bulb is a comparatively 
weak source of ultraviolet light. It will 
be recalled that the Nonex glass used on 
this bulb cuts off the ultraviolet light at 
3000 A, whereas the glass on the S-1, S-4, 
and Corex D globe and plates used in the 
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other tests is rated as transmitting 
ultraviolet light rays down to 2800 A. 
When this glass envelope is removed, the 
short ultraviolet light rays have an 
extremely rapid and severe deteriorating 
effect on the plastics with the exception 
of the copolymer vinyl resins. The 
effects noted in Fig. 11 are not at all 
characteristic of the behavior of the 
plastics on the roof. 

The plastics exposed to the Alpine 
mercury-arc lamp with a Corex D glass 
filter interposed between the quartz 
tube and the specimens were also 
severely deteriorated as is evident in 
Fig. 12. This can be attributed to the 
failure of the filter to absorb all of the 
short ultraviolet light rays from this 
intense light source. The great supe- 
riority of cellulose acetate butyrate 
specimen No. 79 compared with the 
other cellulose plastics in resistance to 
weathering is especially outstanding in 
this test. Specimen 105 is a sheet of an 
experimental methacrylate resin which 
proved to be inferior to the usual com- 
mercial grade of methyl methacrylate 
plastic in these accelerated aging tests 
as well as on roof exposure. 

Figure 13 shows the condition of the 
plastics after 500 hr. of exposure to the 
light from a Sunshine carbon arc. The 
types of breakdown of the specimens 
are very similar to those observed in the 
S-1 test and roof exposure. For most 
of the specimens the deterioration has 
advanced further in this test than in the 
S-1 test. Specimens Nos. 79, 59, and 
95, as well as all of the methyl methacry- 
late specimens are particularly note- 
worthy with respect to their resistance 
to deterioration in this test. The com- 
paratively negligible breakdown of most 
of the plastics when exposed in the 
Fade-Ometer is evident from Fig. 14. 
An outstanding feature of the Weather- 
Ometer test, as shown in Fig. 15, is the 
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vinyl resins, specimens Nos. 81 and 95. 
This is believed to be due to the higher 
temperature reached by the specimens 
in this test, because of both a lack of 
satisfactory cooling facilities and imme- 
diate contact of the back of the samples 
with the metal holders. This anoma- 
lous effect is also evident in the condi- 
tion of specimen No. 79 and in the 
generally fused appearance of many of 
the specimens, particularly in the lower 
portion which was protected from the 
direct rays of light. 


ConcLUSION 
_ The following accelerated aging pro- 
cedure and apparatus are recommended 
for rapidly evaluating the weathering 
resistance of transparent plastics. The 
apparatus consists of four parts: (1) a 
Sunlamp, model BM6, equipped with a 
new S-1 bulb for each 500-hr. test; (2) a 
phonograph turntable, operating at 33 
rpm., on which is mounted an aluminum 
disk 20 in. in diameter and 0.1 in. thick; 
(3) a cabinet approximately 3 ft. high, 
2 ft. wide, and 2 ft. deep, open on one 
side; (4) a fog chamber which consists 
of a closed shallow box fitted with a 
spraying unit and a baffle to prevent the 
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spray from impinging directly on the 
plastics. The test specimens which are 
4 in. long and 1.5 in. wide with a tapered 
end are supported about 3% in. above 
the surface of the aluminum disk by 
means of two sets of 21 bolts attached 
to the disk equidistantly on circles 113 
and 15% in. in diameter, respectively, 
The disk is centered under the S-1 bulb 
so that the plane of the specimens js 
12 in. from the bottom of the bulb. 
The radiation and wetting cycles that 
are employed each 24 hr. are as follows: 
2 hr. in the fog chamber, 2 hr. in the 
irradiation cabinet, 2 hr. in the fog 
chamber, and the remainder of the day 
(slightly under 18 hr. because of the time 
required to shift the samples) in the 
irradiation cabinet. The light trans- 
mission and haze values of the trans- 
parent plastics are measured at the con- 
clusion of 500 hr. of exposure to the 
ultraviolet light, and the specimens are 
examined for evidences of crazing, fusing, 
blooming, discoloration, and warping. 
This test is approximately equivalent to 
exposure for one year in Washington, 
D.C., on a rack facing south and in- 
clined at an angle of 45 deg. to the 


ort 


proxit 
weath 
late p 
than 
as CO’ 
lose ¢ 
prono 
posur 
Cor 
terial: 
comp: 
ton, | 
preset 
are nc 
500-h 
weatk 


{ 

A MR 
writtes 
a celera 
plastic 
a mist 
& $-1 St 
Kline. 
a used i 
past 
as me 
| | 
effect: 

ton. 
show! 
comp 
in Fle 
Mr 
ask vy 
effect 
lengtl 
1Gr 
Dept., I 
Ass 
New Je 


Mr. M. L. Macut! (presented in temperature in plasticmaterialsand show 
written form).—The procedure for ac- specific deteriorating effects? 
celerated weathering of transparent Mr. G. M. Kuine.3—Yes, the plas- 
plastics, involving alternate exposure to tics reach a temperature of about 15 
a misty atmosphere and to light from an__to 20 deg. higher than that of the sur- 
§-1 Sunlamp bulb, developed by Messrs. rounding air, so that presumably the 
Kline, Crouse, and Axilrod, has been infrared rays are building up a certain 
used in our research laboratories for the amount of heat in the plastics them- 
past year. Cellulose derivatives as well selves. We have to be careful in our 
as methyl methacrylate have been sub- work to distinguish between the air 
jected to this test with results that ap- temperature and the actual tempera- 
proximate those obtained on outdoor ture of the plastic. It is necessary to 
weathering. The effect on methacry- actually bore a hole longitudinally in 
late plastics is somewhat less pronounced the plastic and by means of a thermo- 
than that of outdoor Florida exposure, couple establish that the temperature 
as contrasted with the effect on cellu- is below the 60 C. limit, which will lead 
lose derivative plastics which is more to more pronounced thermal effects 
pronounced than that of Florida ex- than to actual weathering effects. 
posure. Mr. a 

Comparative testing of identical ma- closed Weather-Ometer with a fan to 
terials by this accelerated method as_ regulate the temperature so that the 
compared to actual exposure at Arling- temperature would not go above 60 C. 
ton, N. J., and at Hialeah, Fla., is at give a closer approximation of outside 
present in course. While these tests weathering conditions; also would the 
are not as yet complete, it is known that Fade-Ometer with the mist spray in- 
500-hr. exposure to the accelerated stead of the rain spray give results 
weathering cycle is considerably more nearer the roof conditions? 
effective than 1-yr. exposure at Arling- Mr. Kiine.—Any apparatus which 
ton. In at least one case, 500 hr. has would keep the temperature of the 
shown up an experimental methacrylate samples at 55 to 60 C. would be satis- 
composition which failed in one year factory, from the thermal standpoint. 
in Florida. I am thinking now of the difference, for 

Mr. H. A. Netson.?—I should like to example, between the Fade-Ometer and 
ask what the authors know about the the Weather-Ometer, in which the one 
effects of infrared and the longer wave _ has the fan and the temperature control 
lengths. Do these rays build up the and the other is open and the tempera- 

ture does go up appreciably. As far as 


i 


1 Group Leader, Resin and Molding Division, Plastics 3 Chief, Organic Plastics Section, National Bureau of > 
t., E. I. du Pont de Nemours and Co., Arlington, N. J. Standards, Washington, D. C. io 
. ? Assistant to General Ma’ r, Technical Dept., The 4 Vice-President, Samuel P. Sadtler and Son, Inc., 
New Jersey Zinc Co. (of Pa.), almerton, Pa. Philadelphia, Pa. 
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the mist is concerned I do not see that it 
makes a great deal of difference whether 
you obtained that mist in the apparatus 
with the light shut off or whether you 
transfer the plastics to a separate 
chamber for the mist. As far as the 
light source is concerned, I think that 
it is quite necessary to be sure that the 
light source that you are using does very 
closely simulate the spectrum that you 
get from sunlight itself. 

Mr. SADTLER.—Why is the light 
turned off when the mist is put on? 

Mr. Kiine.—For the reason that the 
heat from the lamp would result in dry- 
ing off the specimen practically in- 
stantaneously. We have run an ex- 
periment in which we simply took the 
plastic out from under the light, sprayed 
it and put it right back. This does not 
produce the same type of break-down 
that occurs when the moisture is in 
contact with the sample for an ap- 
preciable period, say, one or two hours, 
and then the sample is put under the 
light and allowed to dry. That is, if 
you compare this treatment with your 
roof conditions, dew does stay on your 
sample for a very appreciable time and 
then dries off. You will probably get 
diffusion of decomposition products from 
the interior of your plastic, that will not 
take place if you simply sprayed the 
surface and it dried off practically 
immediately. 


DISCUSSION ON ACCELERATED WEATHERING OF PLASTICS : 


I might say in connection with Mr. 
Macht’s discussion that we have 
completed exposures in Washington, 
Florida and Panama ourselves, and we 
have had the same plastics exposed in 
the accelerated weathering equipment 
which we have described in this paper. 
These experiments will be the subject 
of another paper. This particular paper 
was concerned merely with the discussion 
of the new weathering test and com- 
parison of it with tests employing other 
light sources. 

Since this paper was prepared and pre- 
sented, our accelerated weathering test 
has been modified to the extent of re- 
moving the turntable and Sunlamp from 
the cabinet to a table in a room kept at 
25 C. by air-conditioning equipment. 
This has enabled us to decrease the dis- 
tance between the bulb and specimens 
to 6 in. and still maintain a sample 
temperature of about 60 C. By this 
modification we are able to produce in 
200 hr. of light exposure and twenty 2- 
hr. fog exposures a breakdown some- 
what greater than that which occurred 
in 500 hr. of light exposure and fifty 
2-hr. fog exposures, as described in 
this paper. Thus, an even more rapid 
and economical method of evaluating 
the outdoor weathering characteristics 
of transparent plastics is provided for 
use in research and materials specifi- 
cations. 
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Nahi SORPTION OF WATER BY PLASTICS 

By G. M. A. R. Martin, anp W. A. Crouse!) 


A method of measuring the absorption of water by indies has been pre- 
pared by the Society’s Committee D-20 on Plastics working in cooperation 
with Committee D-9 on Electrical Insulating Materials. This method has 
been published as tentative? and replaces the short-time water absorption 
tests provided for in methods D 48-39 for molded insulating materials, 
D 229 — 39 for sheet and plate matervials, D 349 - 39 for laminated round 
rods, and D 348-39 for laminated tubes. 

Experimental data obtained in an exploratory investigation at the National 
Bureau of Standards on the absorption of water by plastics in connection with 
the preparation of the above test method are summarized in this paper. 
These data pertain to the effects of various conditioning procedures, times 
of immersion, and prior history of the specimens on the values observed for 
water absorption by plastics. The plastics examined were phenol-formalde- 
hyde molded, cast, and paper-base laminated materials, urea-formaldehyde 
molded and paper-base laminated materials, casein, cellulose nitrate, cellulose 
acetate, ethylcellulose, polyvinyl chloride-acetate, polyvinyl butyral, poly- 
styrene in molded and cast forms, polymethyl methacrylate, and cold- 
molded plastics of the bituminous and phenolic types. 

Data are also presented on the rates of absorption and desorption of water 
by these plastics for periods up to two years. The variations in the dimen- 
sions of the specimens that are produced by these changes in moisture content 


are recorded. 


There have been numerous reports in 


Another point that is usually stressed 


the literature during the past three years 
concerning the sorption of water by 
various types of plastics and their 
resulting dimensional changes. The 
general opinion is that the mechanical 
and electrical properties and dimen- 
sional stability of plastics are definitely 
affected by water absorbed by them and 
that low water absorption is of consider- 
able advantage in a plastic material. 


‘Chief, Organic Plastics Section, Junior Scientific 
Aide, and Junior Physicist, respectively, National Bureau 
of Standards, Washington, D.C 
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is that provided a material has been 
selected on the basis of mechanical and 
electrical properties, measurement of 
water absorption constitutes a simple 
method of testing to ensure that the 
desired grade or quality of material is 
being obtained. Part of the experi- 
mental data obtained in an exploratory 
investigation at the National Bureau 
of Standards of the absorption of water 
by plastics in connection with the 
preparation of a test method is sum- 
marized in this paper. 
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MATERIALS AND TEST METHODS 


The plastics examined were phenol- 
formaldehyde molded, cast, and paper- 
base laminated materials, urea-formalde- 
hyde molded and paper-base laminated 
materials, cas in, cellulose nitrate, cellu- 
lose acetate ethylcellulose, polyvinyl 
chloride-acetate, polyvinyl butyral, poly- 
styrene in molded and cast forms, 
polymethyl methacrylate, and cold- 
molded plastics of the bituminous and 
phenolic types. These plastics were 
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boiled and then cooled and maintained 
at 25 C. Bubbles usually collect on 
the test specimens when immersed in 
water that has not been freshly boiled 
and this causes irregular exposure of the 
surface to the water. At the desired 
intervals, the specimens were wiped off 
with a dry cloth to remove surface water, 
and weighed immediately. Changes in 
dimensions were measured with dial 
gages reading to 0.001 in. and having 
approximately 400 g. per sq. cm. pres- 


TABLE I.—EFFECT OF TIME OF CONDITIONING AND DURATION OF IMMERSION ON ABSORPTION 
OF WATER BY PLASTICS. 


Absorption, 24-hr Immersion, 


Absorption, 48-hr. Immersion, 
per cent per cent 


Material 


Oop 


After After 
After 
24 hr. 
at 105 to 
110C. 


Phenol-formaldehyde molded 
Phenol-formaldehyde cast 
Phenol-formaldehyde laminated 
Urea-formaldehyde molded 
Urea-formaldehyde laminated 


Vinyl chloride-acetate resin........... 
Vinyl] butyral resin 

Methy! methacrylate resin 

Styrene resin (molded) 

Styrene resin (cast) 


Ane 


Cellulose nitrate 
Cellulose acetate 
Ethylcellulose No. 1 
Ethylcellulose No. 2 


Cold-molded 
Cold-molded 
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ituminous 


S28 Sass 


0.16 
0.39 
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obtained from commercial sources and 
many of them contained the plasticizers 
ordinarily present in such compositions. 
Specimens 1 by 3 in. by the thickness of 
the samples, which was approximately 
4 in., were cut from the sheet materials. 
The molded specimens were disks 2 in. 
in diameter and ? in. thick. The sur- 
face areas on these two forms of speci- 
mens are approximately equal. 

The ¢ conditioned specimens were 
placed on edge and wholly immersed in 
distilled water, which had been freshly 


sure on thefoot. All percentage changes 
in weights and dimensions are calculated 
on the basis of the as-received weights 
and dimensions of the specimens, unless 
otherwise noted. 


INVESTIGATION OF CONDITIONING 
PROCEDURES 


The data in Table I pertain both to 
the effect of various conditioning pro- 
cedures on the value obtained for water 
absorption and to the values observed 
for 24- and 48-hr. immersion. It will 
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be noted that for the specimens of ap- 
proximately § in. thickness conditioned 
at 50 C. the water absorption value is 
practically the same for a 24-hr. condi- 
tioning period as for the 48-hr. period. 
The value obtained when the sample is 
conditioned at 25 C. and 50 per cent 
relative humidity is lower than that 


to 110 C. for 24 hr. leads to somewhat 
erratic results as compared with those 
observed after heating at 50 C. For 
some materials, notably the phenolic 
resin products, the water absorption 
value is lowered, whereas in most in- 
stances a considerably higher value is 
obtained. Some materials, particularly 


TABLE II.—VOLATILE MATTER LOST BY PLASTICS UNDER VARIOUS CONDITIONS. 


Material 


24 hr. at SOC. 


24 hr. at 


48 hr. at SOC. 105 to 110 C. 


ihr. at 
105 to 110 C. 


mg. mg. 


Phenol-formaldehyde molded 
Phenol-formaldehyde cast 
Phenol-formaldehyde laminated 
Urea-formaldehyde molded 
Urea-formaldehyde laminated 


Vinyl chloride-acetate resin 
Viny] butyral 
Methyl methacrylate resin 
Styrene resin (molded) 
Styrene resin (cast) 


Cellulose nitrate 

Cellulose acetate 

Ethylcellulose No. 2 


Cold-molded phenolic 
Cold-molded bituminous 
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TABLE III.—EFFECT OF EXPOSURE OF SAMPLES TO WET OR DRY ATMOSPHERES PRIOR TO MAKING 
_ WATER ABSORPTION TEST. 


Exposure Conditions 


Water-Absorption Values® 


72 hr. 
at 100 
per cent 
relative 
humid- 
ity 


x 
x 


72 hr. 
xperiment at 

24 hr. 
tem- 
*| pera- 
ture 


x 
x 


24 hr. 
at 


Lami- 
nated 
Phe- 
nolic 
Resin, 
per cent 


Methyl 
Meth- 
acrylate 
Resin, 
per cent 


Cellu- 
lose 
Acetate, 


50C. per cent 


1.13 
0.94 
0.91 


® Based on weight of specimen immediately prior to immersion in water. 


obtained after heating for 24 or 48 hr. at 
50 C. without humidity control. This 
is attributable to the elimination of 
moisture by heating at 50 C. and the 
greater rate of regain of this moisture 
as compared with the subsequent rate 
of absorption of water. On the other 
hand, conditioning the samples at 105 


cellulose nitrate, vinyl butyral resin, 
and styrene resin, deteriorate or soften 
to such an extent when heated for 24 hr. 
at 105 to 110 C. that the specimens 
become unsuitable for the water-absorp- 
tion test. 

The losses in weight of the specimens 
for the various conditioning procedures 
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are shown in Table II. Heating at 105 
to 110 C. for 1 hr. results in losses similar 
to those produced by exposure at 50 C. 
for 24 or 48 hr., except for three mate- 
rials: namely, cast phenolic resin, sty- 
rene resin, and vinyl chloride-acetate 
resin. For these materials the loss in 
weight is 2 to 3.5 times as great at 105 
to 110 C. for 1 hr. as at 50 C. for 24 to 
48 hr. Heating at 105 to 110 C. for 
24 hr. results in relatively large losses in 
weight in the case of cellulose nitrate, 
vinyl butyral, and styrene plastics. 

The data in Table III show the effect 
on water absorption by plastics of an 
exposure to a wet or dry atmosphere 
immediately prior to starting the test. 
The effect of a 2-day interval of exposure 
at room temperature and humidity after 
such wetting or drying and before start- 


ing the moisture absorption test was . 


also investigated as a possible means of 
overcoming the consequences of an 
abnormal past history. The experi- 
mental data, not reported in Table ITI, 
revealed that 24-hr. heating at 50 C. 
was sufficient to remove the water taken 
up by the samples when exposed in a 
saturated atmosphere for 3 days. Also, 
the total amount of water driven off on 
allowing the samples, which had been 
exposed in a saturated atmosphere for 
3 days, to stand in the air 2 days followed 
by 24 hr. heating at 50 C. was approxi- 
mately the same as that removed by 
heating the samples for 24 hr. at 50C. 
immediate!y following the 3 days’ expo- 
sure to 100 per cent relative humidity. 
The values presented in Table III for 
water absorption after these various 
treatments show very good agreement 
in most instances. It is believed tobe 
quite conclusive evidence that a 24-hr. 
conditioning period at 50 C. preparatory 
to making water-absorption tests is 
sufficient for samples ¢ in. thick. 

The effect of eliminating the prelimi- 
nary conditioning at 50 C. and using the 
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conditioned weight obtained after im- 
mersion as a basis for calculating the 
percentage moisture absorption is shown 
in Table IV. It will be noted that if the 
difference between the weight of the 
sample after immersion and its original 
weight is taken as the amount of water 
absorbed, the values (method B) for 
percentage absorption are lower than 
those obtained by prior conditioning 
(method A) because under condition B 
the moisture content of the samples as 
received retards the absorption of fur- 


TABLE IV.—EFFECT OF IMMEDIATE IMMERSION 
OF SPECIMEN ON WATER-ABSORPTION VALUE. 


Water Absorption, 


per cent 


eure 


1% Material 


Methyl] methacrylate resin 
Laminated phenolic resin........ 
Laminated urea resin............ 
Ethylcellulose No. 2... 

Vinyl butyral resin 

Cellulose acetate... 


Method A.—Exposed for 48 hr. at 50 C. prior to immer- 
sion for 48 hr. in water at 25 C. and conditioned for 48 
hr. at 50 C. after immersion. 

: wet wt. — conditioned wt. 

% absorption = X 100 

conditioned wt. 

Method B.—\mmersed immediately and conditioned for 
48 hr. at 50 C. after immersion. 

% ab ti wet wt. — original wt. x 100 
conditioned wt. 

Method C.—Immersed immediately and conditioned for 
48 hr. at 50 C. after immersion. 

wet wt. — conditioned wt. 


conditioned wt. 


% absorption = * 100 


ther quantities of water. On the other 
hand, if the difference between the 
weight of the sample after immersion 
and its weight after subsequent condi- 
tioning at 50 C. for 48 hr. is taken as the 
amount of water absorbed, the values 
(method C) are higher than those ob- 
tained by the usual method A because 
under condition C a portion of the initial 
moisture content of the material is re- 
moved by the conditioning at 50 C. 
along with the water absorbed during 
immersion. 
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COMPARISON OF VARIOUS METHODS OF 
REPORTING WATER ABSORPTION 


The plastics investigated are arranged 
in Table V in the order of increasing 
values for water absorption per unit sur- 
face area when conditioned at 50 C. for 
48 hr. and immersed in water for 48 hr. 
Other values given in the table are the 
weight of water taken up by the speci- 
mens, the percentage absorption based 
on the as-received weight of the speci- 
mens, and the absorption per unit 


On SORPTION OF WATER BY PLASTICS 


than those of the other materials and 
hence give lower values when the results 
are calculated per unit volume. The 
only significant displacement noted in 
values obtained for 24 hr. conditioning 
and 24 hr. immersion in water, but not 
shown in Table V, was in the position 
of the urea-formaldehyde molded mate- 
rial. The urea-formaldehyde molded 
and laminated samples were found to be 
quite erratic in their behavior in these 
tests, but in general the position of the 


TABLE V.—COMPARISON OF VARIOUS METHODS OF REPORTING WATER ABSORPTION. 
All specimens were conditioned at 50 C. for 48 hr. and immersed in water at 25 C. for 48 hr. 


Material 


Water Absorption Based on: 


Specific 
Gravity 


Condi- | Surface | Volume 
tioned Area of of 
Weight of Specimen, | Specimen, 
Specimen,| g. per g. per 
percent | sq.m. cu. dm. 


Weight 
of Water 
Absorbed, 
mg. 


. Styrene resin molded 

. Styrene resin cast.. TRACES 
. Vinyl chloride- acetate resin. 

. Phenol-formaldehyde resin cast 


. Methyl methacrylate resin. 
. Phenol-formaldehyde resin molded. 

. Phenol-formaldehyde resin laminated 

. Vinyl butyral resin 


. Urea-formaldehyde resin 

. Cold-molded 
. Ethylcellulose No. 1.. 
. Cellulose nitrate 


1 resin molded 
. Ethylcellulose No. 2 
. Cold-molded phenolic 
Cellulose acetate 
. Casein 
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volume of the original specimen. If the 
water absorption per unit of surface 
area is assumed to line the materials up 
in the proper order, then the cold- 
molded and vinyl butyral specimens 
appear to be out of place in the column 
giving the percentage changes in weight. 
This can be accounted for by the high 
specific gravity of the cold-molded 
specimens and the low specific gravity 
of the vinyl butyral resin. The ethyl- 
cellulose materials are out of place in the 
column showing the amount of water 
absorbed per unit volume because these 
specimens were considerably thicker 


molded material will be immediately 
following the laminated material. __ 


ABSORPTION OF WATER OVER 
Lonc PERIODS 


Data on the absorption of water by 
plastics during long-continued immer- 
sion are presented in Table VI and Fig. 1. 
Four specimens of each plastic were 
submitted to different conditioning pro- 
cedures and were then placed in water. 
It will be observed that the prior condi- 
tioning does affect appreciably the 
amount of moisture absorbed by the 
plastic. However, when the gains or 
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TABLE VI.—MOISTURE ABSORPTION BY PLASTICS DURING 8 WEEKS’ IMMERSION IN WATER AFTER 
VARIOUS CONDITIONING PROCEDURES. 


Ur 


jon 
8 


3° 


7 
days |weeks 


4.16) 3.09) 4. 


| 


ring Immers' 


48 
hr 


2.90 
3.56 
3.70 


in Water, per cent 


24 
hr. 


Gain Du 


per cent 


Loss in 
48 hr 


cent 


0% 
Relative | at 50C. 
ity, per 


SOC., 


Loss in 


Loss in 
50C., 


per cent | per cent | Humid- 


Gain in 
48 hr. at 
25C 


Humid- 
ity, per 
cent 


and 50% 24 hr. at | 48 hr. at; and 9 


Relative 


0.06 


atrial 


Phenol-formaldehyde molded..... 


Phenol-formaldehyde cast 


Phenol-formaldehyde laminated... 


Urea-formaldehyde molded........ 


Urea-iormaldehyde laminated..... 


Viny! chloride-acetate resin 


Vinyl butyral resin............... 


Methyl] methacrylate resin. 


® 


Styrene resin cast................ 


Styrene resin molded. . 


Cellulose nitrate.................. 


Cellulose acetate................. 


Ethylcellulose No. 1.............. 
Ethylcellulose No. 2.............. 


Cold-molded phenolic............. 


* Approximate values only; solution of water-soluble constituents has masked the actual increase in weight of the 


sample attributable to the absorption of water. 
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0.32 | 0.24] 0.37] 0.74] 2.16] 
0.66 0.82 | 0. 0.47) 0.86] 2.07] 1.94 
.... | 0.44] 0.84) 2.241 6.38! 6.42 
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TABLE VI.—Continued. 
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cent 


per cent 
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per cent 
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48 br. at Gain During Immersion 
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Relative |at 50 C., 
Humid- | per cent 
Ity, per 
cent 
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Fic. 1.—Absorption of Water by Plastics. 


losses in the various conditioning treat- 
ments are taken into consideration, there 
is very good agreement between the net 
amounts of moisture absorbed by the 
four specimens of each plastic, as shown 
in the last column of Table VI. Again 
it will be noted that the urea-formalde- 
hyde plastics show the least uniform 
behavior in these tests. 

The specimens of cellulose nitrate and 
cellulose acetate show a decrease in 
weight between the 7-day and 8-week 
periods. This is caused by the dissolu- 
tion of water-soluble constituents of the 
plastic which masks the actual increase 
in water content. This dissolving action 
is, of course, actually taking place from 
the instant of immersion of the specimen 
and is overbalanced during the early 


stages by the water-absorptive capacity 
of the plastic. In order .o avoid ob- 
taining a false figure for the amount of 
water absorbed by plastics containing 
water-soluble ingredients, a requirement 
has been inserted in the A.S.T.M. tenta- 
tive method? for reconditioning the 
specimen after the period of immersion. 
In the tests reported in Table I, in which 
the specimens were heated at 50 C. for 
48 hr. and immersed in water for 48 hr. 
at 25 C., reconditioning at 50 C. for 48 
hr. revealed that four materials had lost 
some soluble matter: namely, phenol- 
formaldehyde cast resin 0.10 per cent, 
cellulose nitrate 0.14 per cent, cellulose 


2 Tentative Method of Test for Water Absorption of 
Plastics (D 570-40T), 1940 Supplement to Book of 
A.S.T.M. Standards, Part III, p. 292. 
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acetate 0.49 per cent, and vinyl butyral than the values reported above for a 
resin 0.15 per cent. These figures 48-hr. period. 

should, therefore, be added to the 48- The curves in Fig. 1 reveal the marked 
hr. values in Table I to obtain a cor- differences in the amounts of moisture 


TABLE VII.—MOISTURE DESORPTION BY PLASTICS. 


Loss Over P:0 
48 hr. at ss ss Over Sy 
25 C. and in | Gain in ; per cent® Net 
48 hr. in sont 
SS In 


Relative nc. Relative Weight, 


Humid- | per cent per cent Humid- 4 48 per cent 


ity, per ity, per 
cent cent hr. hr. 


Material 


Phenol-formaldehyde cast —0.04 cre 

acne 0.12 0.30 | 0.37 
Phenol-formaldehyde laminated 0.05 0.13 | 0.21 
Urea-formaldehyde laminated 0.90 | 1.08 


Vinyl chloride-acetate resin 3 0.04 | 0.05 
cana 0.06 | 0.08 


pe 1.04 | 1.19 
Methyl] methacrylate resin 0.19 | 0.25 
Styrene resin cast 0.04 .... 
0.07 | 0.08 
Cellulose nitrate 6.56.1 .... 

— 1.09 | 1.34 
Cellulose acetate 0.76 | 1.16 


& sS aes 


~ 
~ 


Ethylcellulose No. 1 0.52 | 0.60 
0.44 0.85 | 1.02 


0.53 1.46 1.30 | 1.51 


1.77 13.34 . 10.54 |11.44 


* The figures for percentage loss in weight over P2Os include the percentage loss in weight at 25 C. and 50 per cent 
relative humidity shown in column S. 
5 Loss in 48 hr. at 25 C. and 50 per cent relative humidity. 
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iad Fic. 2.—Desorption of Water by Plastics. data 

rected figure for weight increase because absorbed by the various plastics and the 

of water absorption. The loss of soluble rates at which equilibrium conditions 
matter during the 24-hr. immersion are approached by plastics immersed in 

period specified in the A.S.T.M. tenta- water. The almost negligible amounts 

tive method? would be somewhat less of moisture absorbed by styrene and 
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vinyl chloride-acetate resins stand in 
sharp contrast to the avid affinity of the 
protein plastic for water. The curves 
show that some of the plastics had 
not yet reached equilibrium after 2-yr. 
immersion. The fourth specimen listed 
in Table VI for each plastic, that is, the 
specimen conditioned by exposure to 90 
per cent relative humidity at 50 C. for 
48 hr. followed by drying in an oven at 


over phosphorus pentoxide are presented 
in Table VII and Fig. 2. The rates at 
which the equilibrium values are at- 
tained during exposure over phosphorus 
pentoxide and during immersion in 
water are quite different. Many of the 
plastics which had reached the equi- 
librium state in water or over phos- 
phorus pentoxide prior to the 2-yr. limit 
were still changing in weight at the end 


TABLE VIII.—DIMENSIONAL CHANGES OF PLASTICS UNDER VARIOUS CONDITIONS AND WEIGHT 


CHANGES DURING STORAGE 


Dimensional Change After 
Immersion in Water, 
per cent 


Dimensional Change 
After Drying Over 
P20s, per cent 


Changes After Storage at 25 C. and 
50 per cent Relative Humidity, 
per cent 


Thickness | Length® 


Material 


Length? -+0.03 


Length® 
+0.03 


+0.8 +£0.03 


| 


hyde molded 

Phenol-formalde- 
hyde cast 

Phenol-formalde- 
hyde laminated . 

Urea-formaldehyde 
molded. . 

Urea- formaldehyde 
laminat 

Viny] chloride- ~ace- 
tate resin 

Viny] butyral resin.. 

Methyl methacry- 


0.05 
0.07 
0.00 
0.12) 1.15/2. 


0.03) 0.26)0. 


—0.02} 0.13/0. 
0.07) 0.89)2. 


0.12) 0.40/0. 
Styrene resin molded|—0.13|—0.25 
Styrene resin cast 0.02} 0.07/0. 
Cellulose nitrate... 0.35) 0.30)0. 
Cellulose acetate... 0.71} 0.40)0. 
Ethylcellulose No.1.| 0.08] 0.50/0. 
No.2.| 0.16) 0.66/1. 
Cold-molded 

—0.12 


phenolic. . . 
Cold-molded bi- 
—0.08} 0.35/1. 
1.98] 13.24] 6 


represses 


WO 


0.15 


SS 
Nw w & OOD 


Fo 


Diameter for molded specimens. 
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50 C. for 48 hr., was used for the long- 
time immersion tests. The net gain in 
weight for the 2-yr. period or the equi- 
librium state can be calculated from the 
data given in Table VI and Fig. 1. 


DESORPTION OF WATER OVER 
Lonc PERIODS 


Data on the desorption of water by 
plastics upon long-continued exposure 


of this period when exposed over phos- 
phorus pentoxide or in water, respec- 
tively. The data in Table VIII on the 
changes in weight of the specimens 
during storage indicate that the con- 
tinuous loss in weight of the cellulose 
nitrate and cast phenolic resin over 
phosphorus pentoxide, shown in Fig. 2, 
can be attributed in part to loss of 
volatile matter other than water. 
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The curves in Fig. 2 are for the speci- 
mens which had been initially dried at 
50 C. for 48 hr. and subsequently treated 
as shown in Table VII. The net losses 
in weight over phosphorus pentoxide 
can be calculated from the data given 
in Table VII and Fig. 2. The sum of 
the net loss when exposed over phos- 
phorus pentoxide and net gain when 
immersed in water will indicate the total 
moisture-retaining capacity of any par- 
ticular plastic under the conditions of 
these tests. 

DIMENSIONAL CHANGES OVER _ 
= LonGc PERIODS 

The expansions or contractions caused 
by changes in the moisture contents of 
the plastics are shown in Table VIII. 
The extent of the dimensional changes 
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SyNopsIs 
The need of a relatively simple device for measuring the plasticity of } 

- molding compounds has been recognized for some time. For those consum- 


_ ers of plastics who require some means of controlling the moldability of their 
compounds, a device is described which constitutes a simple and inexpen- 
_ sive supplement to the more precise methods. Data are given on a variety 
of compounds, both thermosetting and thermoplastic, and the effects on 
_ plasticity of such variables as moisture content of the powder, temperature, 


MEASURING THE PLASTICITY OF MOLDING COMPOUNDS 


pressure are discussed. 


The use of capillaries and orifices for 
measuring plasticity of molding com- 
pounds dates back many years. The 
Bakelite Rossi-Peakes capillary device 
isfamiliar in the trade, and was used 
as an orifice apparatus at the Chi- 
cago plant of the Western Electric Co. 
at least fifteen years ago. Although 
circular capillaries are generally used, 
variously shaped orifices have been tried 
to simulate some particular phase of 
molding, such as the rectangular orifice 
for the study of gating in injection 
molding. It is obvious that such de- 
vices have contributed substantially to 
the progress of the plastics art. 

Taking advantage of the knowledge 
gained through these pioneering efforts, 
the author has devised a plasticity die 
which is proposed as a relatively in- 
expensive supplement to _ existing 
methods. A description of the device 
with a discussion of the necessary 
operating technique and data _illus- 
trating its performance follow. 

This apparatus, shown in Fig. 1, is 


1 Member of the Technical gual Bell Telephone Labo- 
ratories, Inc., New ais N.Y 


essentially a 23-in. disk mold with 
capillaries of varying size extending 
downward from the disk. The capil- 
laries are seven in number, the smallest, 
No. 7, being 0.015 in. in diameter and 
the largest, No. 1, 0.093 in. The split 
in the cone cuts each capillary exactly 
in half. The capillaries are 2 in. in 
length and are provided with an over- 
flow cup for the measurement of very 
soft materials or for unusual molding 
technique involving high temperatures 
or pressures. The die gives a measure 
of plasticity which may be expressed 
numerically and produces a molded part 
for qualitative examination. It is not 
uncommon to find a material entirely 
satisfactory from a flow standpoint but 
unusable due to other defects as dis- 
closed by a visual inspection of a 
molded specimen 

The testing technique for a thermo- 
setting material is as follows: 

The die, together with the plunger 
placed beside it, is heated between the 
press platens until the thermometer in 
the die shows a constant temperature of 
300 F. 


The upper —_— is raised, 
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25 g. of molding powder is poured into 
the die, the plunger inserted and the 
press closed with a force of 4 tons + 0.1 
ton. This produces a pressure of ap- 
proximately 1 ton per sq. in. The 
pressure should be applied promptly 
so that the figure of 4 tons is ob- 
tained within 20 sec. after filling the 
die. This pressure is maintained for 5 
min. The specimen may be withdrawn 
hot. The end of each extruded rod of 
the specimen is tapped lightly with a 


| MOLDING 
MATERIAL 


| CAPILLARY 
CONE 


THERMOMETLR 
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pencil to remove any unmolded granules 
and the length of each rod is measured 
to the nearest 0.01 in. In order to 
express the plasticity of a thermosetting 
material as a simple arbitrary number 
for comparative purposes, the length 
of each rod is multiplied by the number 
of the capillary from which it was taken. 
The sum of the seven products is taken 
as the “plasticity index” of the material. 

In the case of thermoplastic materials, 
the test procedure is the same with the 
following exceptions: 

1. The temperature of the die must be 
adapted to the plastic properties of the 


material under test and must be less 
than that temperature which permits a 
complete filling of all the capillaries, 
The test is repeated three or more times 
at a series of temperatures below this 
level. The plasticity indices obtained 
as above described for thermosetting 
compounds, are plotted against the 
corresponding temperatures as in Fig. 4. 
The temperature on such a plot at 
which the plasticity index has a value 
of 20 is arbitrarily taken as the “‘plas- 
ticity temperature”’ of the material. 

2. The die should be cooled to facili- 
tate removal of specimen. 

It will be seen that the plasticity of 
thermosetting materials as described 
above is expressed in entirely different 
terms from that of thermoplastic com- 
pounds. This is justified by the fact 
that in the thermosetting compounds 
the quality which one wishes to control 
in practice is a complex combination of 
its thermoplastic properties and the rate 
of its thermosetting reaction. By con- 
trast, in the thermoplastic materials 
the purely plastic phenomenon is in- 
volved. In view of the fact that these 
tests are produced as empirical controls 
rather than to secure data for theo- 
retical treatment, they must be judged 
by their practical utility rather than 
concordance to theoretical considera- 
tions of consistency. From a practical 
standpoint, the discrepancy is not seri- 
ous. In the case of a thermoplastic 
compound whose general flow properties 
are known to the technician, a stipulated 
test temperature (as prescribed for the 
thermosetting materials) can be used. 
For example, in acceptance tests on 
successive batches of a given material 
it is entirely feasible to require that 
when tested at the stipulated tempera- 
ture the plasticity index shall fall 
between prescribed limits. 

The plastic art is still far from reach- 
ing a state at which a particular form 
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ON PLASTICITY OF MOLDING COMPOUNDS 


of plasticity device can be adopted for 
universal use. The plasticity test herein 
discussed appears to possess a combina- 
tion of features which should make it 
attractive to those who are concerned 
with the control of molding procedures. 
These features are: 

1. The employment of seven capil- 
laries of a range of diameters aids in 
predicting the flow of plastics in various 
parts of molds of complicated shape more 
accurately than is possible by flow 
through a single orifice. 

2. Visual inspection of the molded 
part resulting from the test permits a 
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6. The plunger is the only moving 
part. 

7. The die can be built for $300 or 
less. 

The question which always arises in 
any discussion of a test method, es- 
pecially where standardization between 
laboratories and between similar testing 
devices is concerned, is that of repro- 
ducibility. In this device, where there 
are no moving parts other than the 
plunger, the two variables (assuming 
identical compounds) are pressure and 
temperature. The degree of reproduci- 
bility therefore is almost entirely a func- 


TABLE I.—REPRODUCIBILITY OF TEST RESULTS. 


. All day run on a wood flour filled phenolic—one batch—30 ton self- 


contained press—27 shots 
. Same as above except press was hand pumped 


P 
. Nine day-to-day tests on wood flour filled phenolic of different batches— 


Max. 


Average 24.1 
24.3 


Min. 20.8 
19.0 


30 ton self-contained press—each day’s value an average of at least 5 


. Five day-to-day tests on wood flour filled phenolic of different batches — 
100-ton hand pumped press — each value an average of at least 5 shots. . 


Max. 
Avg. 


Max. 
Avg. 


Average of Min. 


Averages 24.6 


Average of 
Averages 25.2 


. Five consecutive day-to-day runs on coiion fieck—wood flour filled 
phenolic—same batch -30 ton self-contained press—each value an 


average of at least 5 shots 


. All-day run on cellulose acetate—100 ton hand press—9 shots 
. All-day run on cellulose acetate—30 ton self-contained press—9 shots. 


. Same as above except press was hand pumped —9 shots 


Max. 
Avg. 
Max. 


Average of 

Averages 18.44 

Average 27.4 
26.5 


26.9 


. Four day-to-day tests on cellulose acetate—100 ton hand press—each 


value an average of at least 4 shots 


Max. 
Avg. 


Average of 
Averages 25.2 


qualitative observation of the inherent 
tendency of the material to produce a 
particular type of defect. 

3. The scoring system proposed em- 
phasizes the flow of material through 
narrow channels and consequently its 
adaptability to fill inaccessible parts of 
a commercial mold. This is accom- 
plished by multiplying the length of the 
rod by the number of the capillary, the 
capillaries being numbered in inverse 
order of their diameters. 

4. The device can be used for both 
thermosetting and thermoplastic ma- 
terials, though the plastic values are 
expressed in different terms. 

5. No observation of time is neces- 
sary in the testing of thermoplastics. 


tion of how well these variables are con- 
trolled. This is shown by the difference 
in reproducibility where the measure- 
ments are made on a self-contained press 
and on a hand-operated press. 

In the practical use of this die it has 
been found that the maintaining and 
measurement of the stipulated pressure 
constitutes the greatest difficulty in re- 
producing previous results on the same 
press, or in the interchangeable use of 
several presses, assuming, of course, 
that the capillaries are not in some ab- 
normal condition at the steel-molding 
compound interface. It can be stated, 
however, that with any low-capacity 
press in good condition, and an accurate 
gage, the degree of reproducibility is 
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adequate. Date illustrating the re- 
producibility of test results are given on 
Table I. 

In any capillary or orifice device, the 
condition of the die at the steel-mold- 
ing compound interface is always of 
importance. This also applies to com- 
mercial molds, and unusual conditions 
at the interface are occasionally desig- 
nated in the molding trade by the term 
“mold poisoning.” The term is gener- 
ally used to describe any unique effect on 


hit. 


> 
” 
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Fre. 2. 


the molding characteristics of a given 
compound by the interior surfaces of 
the mold. In changing from one phe- 
nolic, for example, to another with a 
different resin-filler ratio, the effect on 
the molding characteristics of the second 
compound is naturally slight. On the 
other hand, in changing from a phenolic 
to a cellulose acetate molding compo- 
sition which involves an entirely different 
¥ group of ingredients the effect may be 
i marked. In plasticity work it is some- 
‘ times necessary to make several mold- 
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ings of a new material before the 
influence of the material previously 
molded in the die is entirely erased, 
Experience with the multi-capillary die 
has shown that, just as in commercial 
molding, the die, if in continuous use, 
need not be cleaned or polished except 
on rare occasions. It should receive the 
same general care as any other mold, 
and for periods of idleness should be 
oiled in the usual manner to prevent 
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In the use of this method, while it’is 
relatively simple to control temperature, 
the problem of maintaining a stipulated 
pressure within the necessarily narrow 
limits is more difficult, especially when 
working with thermoplastic materials 
for which close control of pressure should 
be maintained during the whole heating 
and cooling cycle. The use of high- 
capacity hand-operated presses with 
large ram diameters, in which small 
variations in line pressure result in large 
variations in total force, may yield un- 
satisfactory results. In Fig. 2 is shown 
the effect of pressure on the plasticity 
indices of a phenolic, two thermoplastic 
materials, and a urea compound. In 
Fig. 3 is given the effect of temperature 
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on some thermosetting compounds, and 
in Fig. 4 its effect on typical thermo- 
plastics. 

It is well known that the plasticity of 
some of the molding compounds, by 
whatever method measured, is sub- 
stantially affected by the moisture con- 
tent of the powder. The effect of mois- 


ture on moldability is similarly well 
known to the molding trade. On Fig. 
5 are given data illustrating this im- 
portant effect. The materials covered 
are a high flock phenolic, a standard 
wood flour phenolic, a urea, and a cel- 
lulose acetate. Samples of polystyrene 
exposed to 90 per cent relative humidity 
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for 14 days showed no change in hai 
ticity because of the low moisture ab- 
sorption of this material. 

Since reproducibility depends, among 
other things, upon the diemakers’ abil- 
ity to duplicate the apparatus itself, it is 
of interest to compare capillary diam- 
eters in different dies. Table II gives 
the dimensions for three dies, two made 
by the same shop and the third by an 
entirely separate organization. Barring 
other factors such as mold poisoning or 
poor control of pressure or temperature, 
the spread of values of plasticity index 
obtained with the three dies should not 
be greater than the whole number 2. 

In the use of this die a convenient 


TABLE II.—COMPARISON OF CAPILLARY DIAMETERS IN THREE PLASTICITY MOLDS. 
Mo.ps 1 AND 2 MADE IN SAME SHOP. 


Capillary Diameter, in. 


No. 2 


No.3 | 


No. 4 No. 6 | No.7 


0.0770 
0.0768 
0.0767 


0.0631 
0.0613 
0.0620 


0.0220 
0.0187 
0.0192 


0.0156 
0.0147 
0.0146 
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method of determining empirical ‘flow 
times” for thermosetting compounds 
consists of mounting a dial gage between 
the upper and lower platens of the press. 
Measurement by stopwatch is made of 
the elapsed time from the instant the 
pressure gage registers 4 tons until the 
hand of the dial gage stops moving. 


it 


For commercial phenolics this is usually 
in the neighborhood of 25 secs. The dial 
gage also furnishes interesting informa- 
tion on flow-velocity characteristics of 
thermoplastics. 

A slide rule has been designed to ex- 
pedite the calculation of plasticity index 
and minimize the possibility of error. 


> 
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It consists of 7 concentric disks, each 
one graduated in. divisions correspond- 
ing to tenths of an inch filament length, 
making it possible to estimate hun- 
dredths. The calibration is such that 
the multiplying factor for each filament 
is implicit in the scale. In use, the zero 
line of the No. 2 disk (corresponding to 


the No. 2 filament) is set opposite the 
No. 1 reading, the zero of the No. 3 
disk opposite the No. 2 reading, and so 
on, with a radial pointer set at the No. 7 
reading on the inner disk and indicating 
simultaneously the Plasticity Index on 
the outer (No. 1) disk. It is illustrated 
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THE REDUCTION OF SECONDARY RADIATION AND OF EXCESSIVE a 


By HERMAN E. SEEMANN? 
To secure the best radiograph, it is often necessary td mask salina shinies, 
or to make separate exposures for the thick and thin parts. The need for such 
procedures can be lessened, or avoided entirely, by the use of a filter in the 
X-ray beam to diminish subject contrast and to decrease the amount of 
secondary radiation reaching the image from portions of the cassette not 
covered by the object. Berthold has shown that when a lead filter is used 
between the object and the film, an additional filter of tin removes most of the 
undesirable K radiation originating in the lead. The present experiments 
show that still further improvement in radiographic quality can be made by 
placing the filter as near the X-ray tube as possible. With the filter in this 
position, the influence of its secondary radiation is negligible so that no addi- 
tional filter to absorb its secondary radiation is required. Radiographic 
sensitivity is diminished somewhat by the filtration technique, but this may 
not be a serious handicap in many types of work. Minor advantages of the 
“‘distant-filter” technique are: The specimen-film distance is less than when 
the filter is on the cassette; possible defects in the filter are blurred out so that 
they will not be confused with voids in the specimen; and small filters placed 
on the tube shield are more convenient to handle. Exposure data are listed 
for several representative subjects. A variable-intensity illuminator is 
advantageous for the examination of the wide range of densities often 
occurring in radiographs of irregular objects. 


SYNOPSIS 


< 


The problem of making a satisfactory 
radiograph of small or irregular objects 
is resolved into preventing overexposure 
in thin or open regions and, at the same 
time, obtaining a satisfactory record of 
thick parts. If economic considera- 


does not have much thickness variation 
in the direction of the rays may be 
masked by sheet lead, barium clay, or 
other suitable absorber. Obviously, 
some time will be involved in making 
the necessary preparations, but excellent 


tions can be ignored, two general 
methods are available which yield at 
least as good radiographs as can be ob- 
tained by modern methods for the same 
thickness of the material in the form of 
large plates. A small object which 


1 Communication No. 758 from the Kodak Research 
Laboratories. 

? Physicist, Physics Dept., Research Laboratories, 
Eastman Kodak Co., Rochester, i A 


radiographs can be produced if reason- 
able attention is paid to the other fac- 
tors, such as distance and kilovoltage. 
A specimen with large thickness dif- 
ferences, that is, one which has high 
subject contrast, may be radiographed 
by exposing thick parts while thinner 
parts are blocked off, and then uncover- 
_ the latter for other suitable ex- 
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posures. Instead of combining all these 
in one radiograph, separate radiographs 
may be made for each thickness. These 
methods cannot be criticized on tech- 
nical grounds, but in almost all indus- 
trial work economy is one of the most 
important considerations. For this 
reason, techniques have been developed 
which are more economical. 

Carbon tetrachloride,’ water solutions 
of lead salts, and other liquids* have 
been used as masking and contrast- 
reducing agents with some _ success. 
Their use is obviously restricted. Fine 
metallic shot® has also been used to fill 
in cavities or to compensate for the 
disturbing irregularities in the bead of a 
weld. This material is available in a 
fine enough grade so that individual 
particles do not show in the radiograph. 
It is usually more convenient to use 
than the liquids. 

The use of a uniform metal sheet in 
the X-ray beam to reduce subject con- 
trast? is well known. The principle of 
this technique is that the X-ray in- 
tensity is reduced by a much greater 
fraction through the thin portions of 
the specimen than it is through the 
thick parts. The filter removes some 
of the softer components which pene- 
trate thin sections, but, since the 
radiation is already hardened consider- 
ably in passing through thick regions of 
the specimen, the filter has less effect. 
Consider, for example, a piece of steel 
with a minimum thickness of 3 mm. 
and a maximum thickness of 22 mm. 
A satisfactory radiograph may be made 
with the addition of 6 mm. of steel as a 
filter. The use of this filter will neces- 
sitate a somewhat longer or higher 


*W. L. Fink and R. S. Archer, “Radiograph y -: a 
Tool in the Metal Industry,” Transactions, 
Steel Nas , Vol. 16, p. 551 (1929). 
olin and . R. Isenburger, rad 


. D. Moriarty, “The Use of Metallic Shot in 
Steel,” Electric Review, Vol. 42, No. 
March, 1939, p. 109 


voltage exposure, but all parts may be 
rendered in densities which are within 
the range of an adjustable, high-in- 
tensity illuminator. In reducing con- 
trast, the filter will, of course, diminish 
the radiographic sensitivity, but this 
limitation may well be offset by the 
convenience and rapidity of the tech- 
nique. The use of a tapered wedge in 
the radiography of fillet welds’ is a 
variation of the filter method for reduc- 
tion of subject contrast. If a “perfect” 
radiographic examination is essential, 
separate exposures should be made for 
each thickness, heavy filtration being 
definitely undesirable. Selection of a 
technique will depend therefore upon a 
consideration of all factors involved 
because the most sensitive method is 
likely to be the most expensive. The 
filtration technique will almost cer- 
tainly involve some sacrifice of sen- 
sitivity in the interests of economy, but 
the results may be adequate for the 
purpose. 

Assuming that this technique is to be 
applied, it is reasonable to inquire 
whether there is any choice in the 
method of application which will mini- 
mize its limitations. Berthold® has used 
sheet lead as a filter between the speci- 
men and the cassette in the radiography 
of thick sections. Recognizing the fairly 
penetrating nature of the K radiation 
from lead, he introduced an additional 
filter of tin between the lead and the 
cassette to absorb this radiation. His 
experimental results indicated a definite 
improvement resulting from the use of 
the tin filter. Since the Compton effect 
accounts for considerable secondary 


®R. G. Tobey, ‘“‘Recent Progress in Industrial Radi- 
i The Iron Age, Vol. 145, February 29, 1940, p. 27; 


€, “Radiography i in the Welding Shop,” 
ABE on Radiography and X-ray Diffraction, p. 53, 
Am. Soc. Testing Mats. (1936). (Symposium available 
as a separate pub ication. ) 
SR. Berthold, “Improving Radiographic Technique 

Filters,” Archiv fiir das Eisenhiittenwesen, Vol. 8, 


1, p. 21 (1934). 
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radiation under the usual conditions of still transmits much of the {otal sec- 
industrial radiography, a filter absorb- ondary radiation. In the course of the 
ing the characteristic radiation of lead present investigation, trials of Berthold’s 

tin and lead combination showed a 


definite improvement over the same 
RAY Focal spor filtration with filter positions reversed, 
| ss that is, with the lead nearer the cassette. 


ss All matter emits both Compton and 
LEAD DIAPHRAGM = Characteristic secondary rays when ir- 
Z2ZZ2ZZ3A_eroposep radiated with sufficiently hard X-rays, 
> so that, while Berthold’s argument is 
sound, the Compton scattering from 
both the tin and the lead still presents 
a problem. 

In developing a geometrical method 
for measuring secondary radiation® under 
idealized radiographic conditions, it was 
found experimentally that the secondary 
radiation from a metallic plate specimen 
ostaliisanin near the X-ray tube had only a small 
fraction of its intensity with the plate 
near the film, both measurements being 


WN casseTTe with made at the film in its fixed position. 
FILM AND SCREENS 


Fic. 1.—Schematic Diagram for the Making * H. E. Seemann, “Secondary Radiation Intensity as a 


Function of Certain Geometrical Variables,”’ American 
i rag an Irregular Specimen by the Journal of Roenigenology, Vol. 39, No. 4, April, 1938, 
istant-Filter” Technique. p. 628. 


Fic. 2.—“Silhouette Radiographs” of a Lead Bar 0.9 cm. Thick and 4 cm. Wide Taken at 200 kv.p. 
Using a Copper Filter 1.0 cm. Thick. bode 
In a radiograph A, the copper filter was on the cassette, and in radiograph B, it was 67 cm. from the cassette. er 
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This led to the belief that an improved 
radiograph might result when using 
the filtration technique if the filter were 
placed as near the tube as possible, it 
being assumed that the X-ray beam is 
diaphragmed to the smallest practicable 
size (see Fig. 1). Fink and Archer* have 
mentioned the use of the filter in dif- 
ferent positions but they did not make 
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Fic. 3.—Radiographs of a 3.8-cm. Square Steel Bar. 


graph” of a lead bar 0.9 cm. thick and 
4 cm. wide taken at 200 kv.p. using a 
copper filter 1.0 cm. thick. This is an 
extreme case cited for illustrative pur- 
poses. The lead bar was not appreci- 
ably penetrated. In radiograph A, the 
copper filter was on the cassette, and in 
radiograph B it was 67 cm. from the 
cassette. The target-film distance was 


A was taken with a filter consisting of 0.088-cm. tin plus 0.078-cm. lead on the cassette, the lead being in contact with 


the cassette. B was 
cassette. 
the true limits of the image of the bar. 
graphic images, show the same results graphically. 


comparative tests. As has been stated,‘ 
some secondary radiation from the 
specimen itself will be absorbed by the 
filter if the filter is on the cassette. 
The important question is whether more 
radiation will be contributed by the filter 
than is absorbed from the specimen. 
This must be answered by experimental 
comparisons. 


Figure 2 shows a “silhouette radio- 


en according to Berthold’s technique with the same filters but with the tin in contact with the 
The filters were 67 cm. from the cassette in radiograph C. The short white lines on the radiographs indicate 
Microdensitometer records, A’, B’, and C’, taken across the respective radio- 


1m. (This target-film distance is the 
value used in all of the experiments 
reported here.) The lead bar was about 
4 cm. from the film in both cases. In 
fact, all conditions were identical except 
the position of the filter. It is obvious 
that the undercutting of the specimen 
by the secondary radiation from the 
copper filter may be serious when the 
filter is on the cassette. 
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In order to radiograph thick sections 
of steel or brass, considerable filtration 
is necessary to prevent excessive under- 
cutting of secondary rays around the 
boundaries of the thick portions of the 
specimen. As a matter of convenience, 
thin lead may be used instead of the 
more bulky quantity of copper which 
would be necessary for the same ab- 
sorption. In Fig. 3, radiograph A was 
taken with a combined lead and tin 
filter on the cassette but with the lead 
nearer the cassette so as to have a radio- 


A 
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spot). This radiograph shows an im- 
provement over both of the preceding. 
Secondary radiation originating in the 
filter is reduced to a small fraction of 
its value in the former cases because of 
the great distance between secondary 
source and film. Thus, a change in 
geometrical relationships is responsible 
for the radiographic improvement, and 
the quality of the secondary radiation 
from the filter is unimportant. Micro- 
densitometer records A’, B’, and C’ 
were taken of the respective radiographs 


B 


Fic. 4.—Radiographs of a Test Casting of Iron 2.9 cm. Thick Taken at 200 kv. p. 


Width of arms of K about4cm. A was taken with 0.088-cm. tin on the cassette, B with the same filter near the tube 
Note that, because of undercutting, the shrinkage porosity appears to be nearer the edge of the casting in A than in B. 


graph for comparison with one taken 
according to Berthold’s technique which 
calls for placing the tin nearer the cassette 
to absorb the K radiation from the lead 
filter. The tin used was 0.088 cm. 
thick which absorbs about 80 per cent 
of the shortest of the lead K radiations. 
It therefore absorbs more than this 
proportion of the total K spectrum. 
Radiograph B was taken according to 
Berthold’s method and shows a definite 
improvement over A. Radiograph C 
was taken with the same filters 67 cm. 
from the film (33 cm. from the focal 


and verify the conclusion that the 
“distant-filter” method is an improve- 
ment over either of the other two. 

It might be assumed that considera- 
tion should be given to the selection of a 
filter which, for the necessary absorp- 
tion, would yield a minimum of sec- 
ondary radiation. Accordingly, thick- 
nesses of copper, tin, and lead having 
equal absorption were placed side by 
side between the cassette and a 0.9-cm. 
lead bar. These filters were all clamped 
against the lead so as to equalize geo- 
metrical factors. An exposure was made 
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at 150 kv. p. The minimum amount of 
secondary effect was observed for the 
tin, with that for copper and lead about 
equal. Equality for copper and lead is 
attributed to possible compensation for 
a deficiency of Compton radiation in the 
case of lead by its intense K radiation. 
Presumably, tin has a low total output 
of secondary radiation because it has 
too high an atomic number to emit 
strong Compton radiation and too low 
an atomic number to emit strong, pene- 
trating K radiation. Relationships may 
be quite different at other kilovoltages. 
The noteworthy point is that when these 
filter materials were placed near the 
X-ray tube, the secondary intensity at 
the film was so low that a distinction 
could not be made radiographically 
between such small quantities. The 
conclusion is that the choice of filter 
materials may be determined chiefly by 
convenience. 

Figure 4 shows radiographs of a test 
casting of iron 2.9 cm. thick, taken at 
200 kv. ‘p., 10 ma. minutes, on No- 
Screen Film with lead screens, with 
0.088-cm. thickness of tin as a filter. 
Radiograph A was taken with the filter 
on the cassette and shows more sec- 
ondary radiation extending under the 
specimen than radiograph B which was 
taken with the filter 67 cm. from the 
film. 

The chief advantage of the distant- 
filter technique is that by substantial 
reduction of undercutting of the speci- 
men by secondary radiation from the 
filter, the radiograph has a diagnostic 
value over a greater area of the image. 
Within the limits of the experiments 
tried for this study, no gain in radio- 
graphic sensitivity has been observed in 
regions which did not show undercutting. 
This undercutting by secondary radia- 
tion reduces contrast wherever it occurs 
and therefore interferes with satisfactory 
rendition of detail. In the central 
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portions of the image, under full speci- 
men thickness, the removal of secondary 
radiation by a filter on the cassette 
seems to be largely offset by its own 
contribution in so far as radiographic 
appearances can be used as a criterion. 
Of course, any filter at any location in 
the X-ray beam will reduce sensitivity 
to some extent because its presence is 
the equivalent of additional specimen 
thickness, and sensitivity is expressed in 
terms of specimen thickness, not total 
thickness. In consideration of this prin- 
ciple, it has been gratifying to find no 
difficulty in detecting 2 per cent ad- 
ditional thickness on the tube side of the 
specimen and, in many cases, 1 per cent 
was barely detectable. This is con- 
sistent with the fact that approximately 
one-half of a specimen’s equivalent 
thickness is added as a filter. 

Minor advantages associated with 
using the filter as near the tube as 
possible, instead of on the cassette, are: 
(1) A reduction in the specimen-film 
distance; (2) the blurring-out of possible 
damaged or defective areas in the filter 
itself; and (3) the convenience in han- 
dling filters of small area placed in a 
suitable holder on the tube shield. The 
limited number of observations made in 
this investigation does not preclude the 
possibility that for some particular case 
a filter on the cassette might be better 
than one near the tube, but it is felt 
that this is more likely to be the ex- 
ception than the rule. Little practical 
difference in the two methods is observed 
for cases requiring as light a filter as 
1 mm. of copper, for example, but the 
minor advantages above mentioned in- 
dicate that the distant-filter technique 
would be preferred. 

The conditions for the radiography 
of small, irregular objects are so varied 
that it is impossible to give a complete 
exposure table. Furthermore, a certain 
amount of variation in opinion is to be 
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A with 0.111-cm. lead and 0.088-cm. tin on the cassette, the latter filter being adjacent to the cassette. 


Fic. 


Radiographs of }-in. Brass Valve. 
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2 
1 
bier. 


fiom 


B was taken . 


with the same filters 33 cm. from the tube and the specimen separated from the cassette a distance equal to the filter 


thickness so that definition would be the same in both cases. 


TABLE I. 


Material 


aximum Thick- 
ness, cm. 


Remarks 


Cast square 


Casting, cup shape... 
Round rolled bar.... 
Round rolled bar... . 


Bourdon gage 

K casting. 

Round rolled bar.. 

High pressure valve.. 
lat bar 


Square rolled bar.... 


Square rolled bar.... 
Square rolled bar.... 


Aluminum al- 
loy 


Aluminum al- 


oy 
17S-T Alumi- 
num alloy 
17S-T Alumi- 
num alloy 


Brass and steel 
Tass 

Brass 

Tron 

Steel 

Steel 

Lead 


Steel 


Steel 
Steel 


ad 
is) 


| 


3.0 copper 
1.5 copper 
3.0 copper 


2.0 copper 
6.0 copper 
10.0 copper 
5.0 copper 
3.0 copper 
5.0 copper 
10.0 copper 


7.0 copper 


0.78 lead 
2.0 lead 


180, 


10 


40 


Lead alloy 
foil 


Lead alloy 
foil 


Eastman 
Industrial) 


Eastman 
Industrial 


Alloy screen, 6 per 
cent antimony, 94 
er cent lead. 
ront screen 0.013 
cm. thick. 


“Silhouette,” bar not 
penetrated. 


Calcium tungstate 


Target-film distance was 1 m. and filter- film distance was 67 cm. for all exposures. aus focal spot size was 


about 1 cm. square. 
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expected in judging the quality of radio- 
graphs of complicated forms, Table I 
gives techniques which produced satis- 
factory radiographs for several objects. 
It is a rough guide but may serve a 
useful purpose as such. Most of the 
specimens chosen were of simple form, 
for example, square bars, to facilitate 
judging the original experimental radio- 
graphs and to make the data more 
readily interpretable ‘by others. 
Many light specimens involving thick- 
nesses of only a centimeter of aluminum, 
for example, may be radiographed with 
no other filter than the front lead screen. 
Probably anything which can be radio- 
graphed below about 90 kv. will not 
require a special filter technique. 
Different thicknesses of metal in the 
same object may yield a large range of 
photographic densities in one radiograph. 
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Definite limits cannot be assigned to 
these densities because of the various 
characteristics of different X-ray films, 
but the most useful range extends from 
approximately 0.8 to 2.5 or 3.0. Vari- 
able illumination should therefore be 
available in order to obtain the maxi- 
mum amount of information from a 
given radiograph. For example, if the 
illumination is satisfactory for a density 
of 1.0, it must be about thirty-two times 
greater for the same amount of light to 
reach the eye through a density of 2.5. 
Fortunately, the eye has a fair range of 
accommodation so that the variation 
available in the illuminator does not 
need to correspond exactly to the 
densities. Variable illumination with 
suitable masks will prove especially 
useful in examining radiographs of mis- 
cellaneous subjects.® 
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Mr. HERBERT R. ISENBURGER! (pre- 
sented in written form).—Mr. Seemann’s 
paper indicates the vast amount of work 
that has been done to improve a bother- 
some condition, and yet there remains a 
tremendous amount of systematic re- 
search still to be done before we can be 
entirely satisfied with our results. 

While Mr. Seemann confines his 
paper to secondary radiation, it is not 
always easy to distinguish between 
secondary and scattered radiation. It 
is thus generally understood that the 
Compton effect which Mr. Seemann 
mentions frequently is caused by scat- 
tered radiation. It is particularly no- 
ticeable with high voltages between 250 
and 650 kv. Unfortunately, the highest 
voltage mentioned in the paper was 220 
kv. which seems to indicate that the 
most important range of scattered 
radiation has not been dealt with in the 
present investigation. It would be most 
useful to have this subject discussed in 
a subsequent paper. 

Restricting our comments to sec- 
ondary X-radiation, it may be mentioned 
that modern X-ray tubes incorporate 
electron filters,2 and metal discharge 


chambers built around the target,?’ 


as well as automatically interchangeable 
filterst built into the protective tube 
shield not only to eliminate all unde- 
sirable forms of radiation but at the 
same time to utilize some of this waste 
radiation to improve the quality of the 


St. John X-ray Service, Inc., Long Isiand 
it 
2A, Bouwers, ‘‘Economy and Quality in Radiology,”’ 
British Journal of Radiology, Vol. 5, p. 311 (1932) 

5 J. H. Van Der Tunk, ‘ oeroedary Electrons in X-ray 
Tubes e%-% Vol. 12, p. 274 (1932). 

‘G. E. Bell, “Effect Filtering on Spectrum of an 
X-ray Beam,” Journal, Inst. Production Engrs. (British) , 
Vol. 19, No. 2, p. 42 (1940). 


effective rays. This is done to such an 
extent that 200-kv. radiation corre- 
sponds to 300 kv. from ordinary Coolidge 
tubes.2 With this modern tool, filters 
in front of the film holder are not neces- 
sary unless (1) we are dealing with 
irregularly shaped objects, (2) we wish 
to eliminate K, lead radiation from a 
solution, or (3) we are using X-rays 
generated above 250 kv. 

The last paragraph in Mr. Seemann’s 
paper mentions film densities ranging 
from 0.8 to 2.5 or 3.0 as the most useful 
portion of the gradation curve. Granted 
that variable illumination improves and 
facilitates the reading of negatives— this, 
however, can only be considered as an 
emergency measure. It is universally 
acknowledged that the best range lies 
between 0.4 and 1.25 with 0.75 to be 
aimed at in exposure technique and 1.8 
as the upper limit where sufficient 
details can still be detected with the aid 
of forced illumination. In any case, 
the limit of a gradation curve is reached 
at about 2.65, which is practically black, 
and it never reaches 3.0.6 The accom- 
panying Fig. 1 shows an ordinary density 
curve. Photographic density is defined 
as the logarithm to the base 10 of the 
ratio of the light incident on a photo- 
graphic deposit to the light transmitted 
by that deposit. It is usually measured 
by a Martens photometer. A measured 
exograph of an aluminum wedge speci- 
men is reproduced in the accompanying 
Fig. 2. 

Naturally, it is more economical to 


5H. R. Isenburger, ‘X-ray Tubes for Industry,”’ 
Vol. 11, p. 20 (1938). 
J. Baltzer and J. E. Nets, “Photographic Reversal 
with x: rays,” Physical Review, Vol. 57, p. 1048 (1940). 
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work with exographs of lower density. 
At the beginning of his paper, Mr. 
Seemann rightfully mentioned the fact 
that economy is one of the most im- 
portant considerations in almost all 
industrial work. From this point of 
view, may we suggest that a paper be 
prepared on the beneficial results which 
can be obtained by secondary and scat- 
tered radiation. I am thinking particu- 
larly of certain results obtainable with 
and without lead backing of the film, 
having the film close up to the object 


Logarithm of t 


Fic. 1.—Density Curve (Eggert). 


John Eggert, ““Roentgenphotographie,”’ S. Hirzel Ver- 
lag, Leipzig (1935). 


and leaving a little space between object 
and film, and similar considerations 
which may not necessarily be best 
radiographic technique but which will 
be sound economy without appreciably 
impairing the quality of the results. 
Mr. H. H. Lester.’—I should like 
to remark that the under-cutting that 
Mr. Seemann has been talking about 
has bothered almost every one who 
had to radiograph small objects. There 
are various methods of overcoming it, 
I believe Mr. Isenburger at one time 
pointed out that immersing in liquid 


- 7Senior Physicist, Watertown Arsenal, Watertown, 
ass. 


of suitable optical density gets away 
from it satisfactorily, but this method 
is not always convenient. We have 
been putting the filter over the top of 
the object and have found considerable 
improvement. Mr. Seemann’s proce- 
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Fic. 2.—Measured Exograph of an Aluminum 
Wedge Specimen. 


Courtesy V. B. Sease, Director of the Redpath Labora- 
tory, Du Pont Film Manufacturing Corp., Parlin, N. J. 


dure seems to be better since his results 
are superior to any we have obtained. 

Mr. L. W. Batri.2—I am impressed 
by the directness of the tests that Mr. 
Seemann has applied. The same idea 
should be extended to the radiation 


8 Division of Physics and Electrical Engineering, 
National Research Council, Ottawa, Ont., Canada. 
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passing through the film and to radiog- 
raphy at higher voltages. In Mr. 
Seemann’s experiments the radiation 
scattered between the tube and the film 
was studied. The radiation which 
passes right through the cassette must 
strike near or distant material and 
some radiation is scattered back to the 
film. Mr. Seemann’s results suggest 
that the common use of thick lead a 
few inches behind the film is the worst 
possible arrangement. To test this, a 
rough experiment was made in our 
laboratory in which the 600-kv. rays 
were stopped by three materials: lead, 
lead covered with tin, and a lead-tin- 
copper-aluminum assembly. The re- 
sults were that putting the tin there 
reduced the amount of back scattered 
radiation, but the further addition of 
lighter elements produced no effective 
change. 

One other appropriate consideration 
is X-ray protection. The amount of 
secondary radiation inside a room in 
which an X-ray tube is operating de- 
pends on the material with which the 
room is lined. Many rooms are lead 
lined. It appears that this is not the 
best condition and an improvement 
would occur if the room were lined with 
tin; possibly covering the lead with 
plaster is a satisfactory solution. 

Mr. HERMAN E. SEEMANN.°—Mr. 
Ball is undoubtedly correct in suggesting 
that there would be less secondary 
radiation within an X-ray room if the 
lead lining were covered with tin. Is 
it not true that in industrial radiography, 
at least, the protection is for the benefit 
of those outside the room? 

Mr. BAti.—Reduction of secondary 
radiation inside the enclosure is required, 
either to protect the patient in X-ray 
therapy or to improve the film in indus- 
trial practice. 


® Physicist, Physics Dept., Research Laboratories, 
tman Kodak Co., Rochester, N. Y 


Mr. SEEMANN.—That is true, but 
I think that the choice of a suit- 
able technique makes the type of lin- 
ing a minor consideration. Proper dia- 
phragming of the primary beam and 
providing a fair distance from the sub- 
ject to the floor or wall should make 
secondary effects negligibly small. It 
is particularly important that no appre- 
ciable part of the original primary beam 
goes past the subject to strike the wall. 
This would of course, excite much more 
secondary intensity than the beam 
which passes through the specimen be- 
cause of its greater intensity. 

Cassen and Corrigan have described!” 
a cellular grid so constructed that it 
prevents back-scattering of most of the 
incident radiation. This grid has a more 
or less honeycomb structure, the sides 
and bottoms of the cells being of lead. 
It thus acts as a kind of radiation trap. 
It could be placed in any location where 
an X-ray beam normally impinges. 

I regret that I did not make any 
measurements of back-scatter in connec- 
tion with the work reported today. 
Extrapolating from some points which 
I did test, I agree with Mr. Ball. I 
suppose the lead inside the cover of 
most cassettes contributes a little to 
the useful image if it is near the film. 
The closer the lead and film, the better 
will primary and secondary images 
coincide in sharpness of outline. 

Referring to Mr. Isenburger’s com- 
ments, I believe there is a misunder- 
standing in terminology but I feel that 
I am in agreement with the accepted 
nomenclature of physics when I use 
the term “secondary radiation” for any 
radiation excited in any manner by a 
certain primary beam." Compton scat- 
tering gives rise to one kind of secondary 

10 B. Cassen and K. E. Corrigan, ‘“The Reduction of 
Back-Scatter from Roentgen Beams,”’ American Journal 
of Roentgenology, Vol. 40, p. 608 (1938). 

11 Compton and Allison, “X-rays in Theory and 


Experiment,” p. 12, D. Van Nostrand Co., New York, 
N. Y. (1935). 
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radiation; fluorescent X-radiation is 
another kind. In a problem like the 
one under discussion, it seems better to 
use the general term since no direct 
tests were made to classify the radiations. 

Mr. Isenburger points out that when 
a certain type of X-ray tube is used, 
filters are not required “‘unless (1) we 
are dealing with irregularly shaped ob- 
jects . . .” The technique I have 
described offers its greatest usefulness 
in the radiography of irregular forms; 
hence, filters are required. 

Experience and the form of the 
characteristic curve of modern X-ray 
films indicate that a total H and D 
density of 0.4 is not high enough for 
maximum radiographic _ sensitivity. 
(This does not mean that such a density 
is of no use!) Parts of an image having 
a density of 0.4 will have a lower con- 
trast than regions of somewhat higher 
density. Under average illumination, 
it is difficult to see much detail in densi- 
ties above 1.8, but this limitation is not 
due to the characteristic of the film. 
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High intensity illumination is easily 
provided for higher densities. With 
sufficient exposure, densities well above 
3.0 are attained, though no one would 
contend that they are radiographically 
useful. Some types of film other than 
X-ray film may not yield this density. 
The curve which Mr. Isenburger has 
selected from Eggert’s book” does not 
represent present-day X-ray films. It 
may be well in this connection to 
consider Fig. 22, p. 36 and Fig. 29, p. 44 
in Eggert’s later book.” 

I am not sure just what beneficial 
results may be derived from secondary 
radiation unless we admit the special 
case of utilizing the emission from lead- 
foil screens. This is, of course, a very 
useful application but also a very special 
one. It seems to me that, in general, 


secondary radiation is something to be 
disposed of in the most efficient manner. 


12 John Eggert, ‘‘Roentgenphotographie,” S. Hirzel 
Verlag, Leipzig (1935 5). 

13 John Eggert, ‘“‘Einfiihrung in die Roentgenphotog- 
raphie,’’ S. Hirzel Verlag, Leipzig (1936). 
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The minimum crack width which 
could be detected in steel specimens from 
1 in. thickness up to 4 in. thickness was 
reported last year in the paper presented 
before the Society by Vordahl and one 
of the present authors.* In those experi- 
ments only one crack depth was used, 
namely } in., except in one or two cases 
where 3 in. depth was used. In the 
present study, crack depth was varied 
as well as crack width and specimen 
thickness. The limits are plotted in the 
graphs. ‘These results show that there 
are definite limits beyond which internal 
flaws will not be revealed by these 
radiographic methods. They substan- 
tiate further the observation made last 
year, namely, that depth sensitivity 
limits, such as those determined by 
Norton and Ziegler, are not absolute but 
must be expressed also in terms of crack 
width. : 

laghe 
EXPERIMENTAL METHODS 


An 


The radiant source used was a capsule 
3 mm. in inside diameter, containing 25 
mg. of radium sulfate placed at our dis- 
posal by the Radium Chemical Co. of 
New York. About this source were 
arranged the test pieces at the correct 
focal distances (Fig. 1). They were 
oriented with the crack pointed directly 
at the source but the crack was at the 
surface of the specimen farthest from the 


1 of Metallurgy, Lehigh University, Bethle- 
em, 
Metallurgist, Research Dept., Vanadium 
Corporation of America, Bridgeville, Pa. 
3 Gilbert E. Doan and Milton B. Vordahl, ‘ 
iography—Gamma Rays,” 


‘Fine Focus 
Proceedings, Am. Soc. 


Testing Mats., Vol. 39, p. 741 (1939). 
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film. The cracks were formed as spac- 
ings between the carefully machined 
edges of abutting plates.. The focal 
distances were based upon the work of 
Doan and Vordahl* and corrected for the 
difference in source size by means of the 
geometrical relationship proposed by 
Doan and Young.* 

The films were overexposed 50 per 
cent, developed in potassium iodide de- 
veloper and were viewed in both sunlight 
and in a standard viewing cabinet. 
When a negative contained little or no 
shadow, duplicate films were viewed 
superimposed. 


RESULTS 


In Fig. 2 are three graphs which give 
the results of the 36 radiographs used. 
In each of the three graphs the crack 
depth is maintained constant, namely, 
in., in., and 4 in. The crack width 
is plotted as the ordinate and the total 
steel depth as the abscissa. Since the 
total steel depth is one of the variables, 
the focal distance is also variable from 
4 in. (source to flaw) for 4 in. of steel 
to 16 in. distance for 4 in. of steel. A 
crack width of 0 in. means that the 
accurately machined faces forming the 
crack were pressed together tightly. 

For example, for }-in. cracks, it is 
shown that a crack 0.003 in. wide in 2 in. 
of steel will be detected. If the crack 
width is reduced to 0.002 in., the crack 
will not be detected under these condi- 
tions. For }j-in. crack depth, a crack 


4 Gilbert E. Doan and Shang-Shoa Young, ‘““Gamma- 
> aaa Proceedings, Vol. 38, Part II, p. 292 
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0.002 in. wide is readily detected in 2 in. In Fig. 3 we have crack width plotted 
of steel, whereas with cracks } in. deep against crack depth, with the total 
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Fic. 3.—Relation of Crack Width to Crack Depth. 


a 0.002-in. wide crack is readily detected depth of steel (and consequently the 
in 3 in. of steel thickness. focal distance) held constant. Refer- 
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ence to any of these graphs will reveal 
that a crack of given width may go un- 
detected when it is but $ in. deep. But 
as the crack depth increases, the crack 
becomes detectable. For example, for 
3 in. of steel with a focal distance of 12 
in., a crack 0.003 in. wide and ¢ in. deep 
is not detectable, but when the crack 
depth has increased to } in., the crack 
is detectable. However, according to 
Norton and Ziegler,’ the }-in. crack 
should be detected in 3 in. of steel. 
Hence we must conclude that the results 
of Norton and Ziegler must be qualified 


. Norton and A. Ziegler, of the 
Method,” Transactions, . Steel 


Treating, Vol. 22, p. 271 (1933). 
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to permit consideration for crack width. 
Again referring to the same graph for 
steel 3 in. thick, we see that a crack } in. 
deep is detectable when it is 0.005 in. 
wide, but not detectable when 0.004 in. 
wide. Here the ratio of flaw depth to 
total depth of steel remains constant, so 
the reason for the vanishing of the 
image of the flaw lies in the geometric 


While these values hold for the focal 
distances used, it should be realized that 
increasing the focal distance will con- 
ceivably result in slightly lower limits of 
sensitivity. 
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Myron Zucxer.—In practice, 
cracks are usually irregular in shape, and 
seldom aligned with the X-ray beam. 
What conclusions can be drawn from the 
Doan-Sharp study as to the visibility of 
such cracks? 

Mr. H. H. Lester.2—No conclusions 
can be drawn because this radiation 
would be parallel with the plane of the 
synthetic crack. It should be empha- 
sized that where one is dealing with a 
synthetic crack, the conditions are not 
the same as those encountered where 
real cracks are dealt with. The results 
may have some points of similarity but 
should be used with caution. 

Mr. H. F. Katser.*—In regard to the 
question brought up by Mr. Zucker, I 
should like to mention that Berthold‘ has 


1 Engineering Division, The Detroit Edison Co., 
Detroit, Mich. 
- 2Senior Physicist, Watertown Arsenal, Watertown, 

ass. 

3 Assistant Physicist, Naval Research Laboratory, 
Washington, D. C 

4R. Berthold, “Defect Detecting in X-radiography, 
Part V. Detection of Cracks and Lack of Fusion,”’ Archiv 
fiir technisches Messen, No. 98, August, 1939, p. 104. 
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worked with a special steel test block 
containing a cylindrica! steel mandrel 
which carried slots of various widths and 
which could be turned to any desired 
angle. He found that if the angle be- 
tween the slot and the direction of the 
X-ray beam was made as much as 15 
deg., the minimum width of slot visible 
was increased by a factor of about five. 
Mr. GrBert E. Doan® (Author's 
closure by letter).—The limits found here 
are actual, quantitative limits. In so 
far as a natural crack departs from the 
quantitative conditions specified here, 
its detectability diminishes. No quanti- 
tative treatment can be given to the 
usual natural crack. It is however mis- 
leading to think that no conclusions 
about the limit of detectability of natural 
cracks can be drawn from these findings. 


5 Professor of Metallurgy, Lehigh University, Bethle- 
hem, Pa. 


syn 
4 anc 
wal 
nat 
: enc 
tur 
the 
sha 
siu 
not 
in’ 
che 
tec 
tai 
>. mo 
w thi 
the 
q sio 
] 
| 
the 
vee 


ock 
drel 
and 
ired 

be- 

the 
15 
‘ible 
five, 
lor’s 
here 
1 SO 

the 
ere, 
nti- 

the 
mis- 
ions 
ural 
ngs. 


‘ethle- 


whai oA? Yo 
ex dove af to 


~eubol wl to 


SYMPOSIUM ON PROBLEMS IN THE CLASSIFICATION OF _- 


NATURAL WATER INTENDED FOR INDUSTRIAL USE eT, 
INTRODUCTION 
By F. N. SPELLER! 


The papers and discussions in this 
symposium cover problems in reporting 
and interpreting the results of industrial 
water analyses and classification of 
natural waters, particularly with refer- 
ence to their corrosivity in the tempera- 
ture range from normal to slightly above 
the atmospheric boiling point. It 
should be emphasized that the sympo- 
sium relates to “natural” waters. It is 
not necessary to point out that corrosion 
in water can often be greatly reduced by 
chemical treatment or by cathodic pro- 
tection when these treatments are main- 
tained under proper control. Further- 
more, treatment of the environment (in 
this case natural water) is in many cases 
the most economical solution of corro- 
sion problems. 

Recently my attention was called to 
a rather irrational proposal to classify 
the corrosivity of natural waters accord- 
ing to their geographical location. A 
more rational procedure and formula has 
been developed to express the ability of 
natural waters to form protective de- 
posits in metal pipes. This gives a cor- 
rosion index that conforms fairly well 
with experience in certain localities. 
However, it is well known that corrosion 
by water in closed systems within the 
above-mentioned temperature range is 
subject to many variables, and hence 
the problem of interpreting analyses and 
establishing even an approximate index 


Consulting Engineer, Pittsburgh, Pa. 


ies 
of corrosion under these conditions is 
obviously a very complicated one. The 
ideal water corrosion index or formula 
should include all the more important 
factors, but any formula of this kind 
shoul be checked by quantitative 
service tests in typical waters and its 
lir-’'s ns determined before it is ad- 
ve ‘or general use. It is quite 
pos: -nat a direct measure of the rate 
of .ttack under standardized conditions 
will be developed that may prove more 
reliable than any formula. 

Soils are much more complicated in 
their physical and chemical properties 
than natural waters, and yet a fairly ra- 
tional system of soil classification has 
been devised,? and their relative corro- 
sivity determined in some cases, it is 
claimed, by a quick electrolytic labora- 
tory test with an accuracy of about 
70 per cent.* 

Atmospheres have been roughly classi- 
fied with respect to corrosion of metals 
as urban, rural, industrial, and marine, 
and the constituents that distinguish 
each group are fairly well understood 
but not defined. Therefore it does not 
seem unreasonable to attempt to obtain 
an approximate appraisal of the char- 


2 Scott Ewing, Corrosion and poe Line Protec- 
tion,’”? Am. Gas , New York, N. Y. (1938). 

ae A Marbut, “Soils of the United States,’’ Govern- 
ment Printing Office. 

3 Irving A. Denison and Robert B. Darnielle, ‘‘Cor- 
relation of an Electrolytic Corrosion Test with the Actual 
Corrosiveness of Soils,’’ Journal of Research, Nat. Bureau 
Standards, Vol. 21, No. 6, December, 1938, p. 819 (Research 
Paper 1 157). 
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acteristics of waters supplied for indus- 
trial use. 

Corrosion testing is now based on a 
better understanding of the causes and 
accelerating factors and much useful 
experience is available. The principles 
of testing were discussed in detail in the 
1937 A.S.T.M. Symposium on Corro- 
sion Testing Procedures. These prin- 
ciples and methods of testing can be 
readily applied to the testing of variable 
environments such as natural waters. 
In this case a standardized lot of steel, 
and perhaps a few other commonly used 
metals, would be tested preferably under 
service conditions in typical waters. To 
insure comparative results by such tests 
it seems that only the main centrolling 
factors, such as dissolved oxygen, car- 
bon dioxide, temperature, and rate of 
flow need be included, without many 


4 Symposium on Corrosion Testing Procedures, Chicago 
Regional ess Continued at Fortieth Annual Meeting, 
Am. Soc. Testing Mats. (1937). (Available as a separate 
publication.) 
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of the accelerating influences that often 
occur in service, such as differential 
aeration, differential velocity of flow, the 
effect of contacts between dissimilar 
metals, the influence of anaerobic bac- 
teria, and stress. Obviously, all these 
electro-chemical and biological effects 
cannot be covered in one formula, so while 
such a formula may be useful in many 
cases as a general guide, the user should 
be warned as to its limitations. Localized 
attack (pitting) is often more important 
than over-all corrosion (loss in weight). 

These few details of the problems be- 
fore us in this Symposium are mentioned 
only to illustrate their complicated na- 
ture. The papers and discussions which 
follow cover the subject in more detail 
and should be of considerable assistance 
to Committee D-19 on Water for In- 
dustrial Uses, in following up these 
subjects. 
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. all fields of man’s effort there is a_ it should provide the means for simple 
continuing need for improvement in calculation; and, most important in a 
accuracy and in convenience of commu- scientific method, it must be precise. 
nication. Whether the means of com- The analyst must be able to report what 
munication be the general language of a he actually finds—what really is in the 
nation, that of mathematics, or the sample, not hypothetical similarities. 
specialized vocabulary of a small group, There are several ways in which a 
what is said or written by one must be system might be selected, developed, 
understood by another. Without this and attain eventual recognition and 
means for communication of one man’s adoption. The heterogeneous systems 
discovery to another, progress must now used might be tabulated and a 
labor under the necessity of continuous plebiscite of interested chemists and 
rediscovery of known facts instead of engineers arranged to make a choice. 
being able to build on the structure al- There are at least two objections to this 
ready erected. method: first, that it is improbable that 
In the field of water treatment there any one system would attain a clear 
is no common language in which the majority; and, second, that the approval 
results of water analyses can bereported. of a majority is not infallible proof of 
Within small groups mutual understand- the correctness of scientific truth. 
ing has been achieved by definition and A second method might be the dele- 
standardization of the terms used, but gation of a selected man or group of men 
when a member of such a group speaks __ to prepare an ideal system to be imposed 
to a larger audience he must either upon all. Even if such a Utopian 
restate his definitions or trust that his system could be developed, it is doubtful 
audience can translate for themselves that its establishment would be success- 
with the aid of a dictionary of conversion ful. The decimal system of arithmetical 
factors. There is thus a recognized notation, using nine digits and zero, is 
need for a system of reporting the results decidedly better than Roman numerals 
of water analysis which all can under- and an abacus. A duodecimal system, 
stand and use. The adoption of sucha _ with eleven digits and zero, would sim- 
system would be an aid to progress. plify and reduce the time necessary for 
It would be insufficient, however, to arithmetic calculation, but it is doubtful 
make understandability the sole criterion whether this further improvement will be 
for selection of the system to be adopted. adopted, although serious proposals to 
It should also be convenient to use; that end have been made.* England 


1 The opinions expressed in this paper are those of the clings to an awkward monetary system, 
writer and are not to be construed =F official opinions of the and her people expend a continuous 


Experiment Station or of the Na’ 

Classification; Chemical Engineer, U.S. Naval Engineer- "3 “Calcolo decidozzinale del Barone Silvio Ferrari,” 
ing Experiment Station, a Md. Turin (1854) — 
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added effort rather than change to a 
simple decimal coinage. It thus appears 
that a system of reporting water analyses 
must have familiar elements and involve 
a minimum of change in existing records 
in order to have promise of general 
adoption. 

The third method of selection, and 
the most promising of success, appears 
to be the selection, by representatives 
of many fields, of the units of measure- 
ment now used which seem best adapted 
to use in all fields. Although it is 
improbable that such a system of re- 
porting would be exactly the same as 
previously used by any one group, the 
chosen system would retain enough of 
the old means of reporting that the 
extent of the required revision of existing 
records would be minimized. 

This third method, namely, selection 
by various representatives, was the 
method followed by a committee of this 
Society’ in its two-year effort to reach 
an agreement on a method of reporting 
the results of water analyses capable of 
adaptation by all users of water. Bear- 
ing in mind the necessary requirements 
of familiarity, understandability, con- 
venience, and precision, a standard 
method has been prepared which has 
been approved by the Society’s Commit- 
tee D-19 on Water for Industrial Uses 
and which is now being submitted to 
the Society for publication as a tentative 
standard. 

According to the proposed method, the 
concentration of materials dissolved in 
water will be reported in either or both 
of two units: parts per million (ppm.) 
and equivalents per million (epm.). A 
part per million equals one milligram per 
kilogram of sample, or one pound per 
million pounds of water. In such dilute 
solutions as ordinary industrial waters, 
it is indistinguishable from one milligram 


4 Subcommittee V on Classification, of A.S.T.M. 
Committee D-19 on Water for Industrial Uses. 
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per liter, but in reporting the analysis 
of brines, reagent solutions, or other 
concentrated solutions, the specific gray- 
ity of the sample must be considered. 
An equivalent per million is a gram 
equivalent weight per million grams 
of solution. Both are accurate weight 
per weight units, not dependent on the 
specific gravity of the solution. Parts 
per million can be converted to equiva- 
lents per million by dividing, and equiva- 
lents per million to parts per million by 
multiplying, by the equivalent weight 
of the ion or compound determined. 

Parts per million is a convenient unit 
for measuring the gross amount of 
material dissolved or suspended in a 
water sample, or for measurement of the 
constituents of this total. It is an 
awkward unit to use for calculation of 
dosages or the products of reaction, 
because the molecular weight or an 
even fraction of the molecular weight 
of each constituent must be used in 
each portion of the calculation. By 
converting all ionic concentrations to 
equivalents per million, the reaction 
calculations are simplified to addition 
and subtraction. Volumetric proce- 
dures may yield direct results in equiva- 
lents per million. The acid titration of 
a sample usually does not identify the 
alkaline anions until the remainder of 
the analysis, including the pH, is known. 
However, the alkalinity in equivalents 
per million can be reported with ac- 
curacy. 

The need for such a unit as equivalents 
per million is evidenced by the substi- 
tutes which have been used. Foulk’ 
reports German chemists as using equiv- 
alent units in water analysis as early as 
1865. Stabler’s® reaction coefficient, the 
reciprocal of the equivalent weight, and 


5 C. W. Foulk, “Industrial Water Supplies of Ohio,” 
= 29, Geological Survey of Ohio, Fourth Series 
1925). 
( 6 toad Supply Paper 274, U. S. Geological Survey 
1911). 
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reaction value, another name for equiva- 
lents per million, certainly were among 
the earliest uses of equivalent units in 
this country. The generally used 
method of reporting results as parts per 
million or grains per gallon of equivalent 
calcium carbonate is an unwieldy and 
arbitrary effort to achieve the simplicity 
in calculation offered by equivalents per 
million. Calcium carbonate was chosen 
as the specimen salt because of both its 
omnipresence in natural waters and its 
convenient molecular weight of 100 
(equivalent weight of 50). Such a 
devious method leads to such absurdities 
as the reporting of chloride from con- 
denser leakage as equivalent calcium 
carbonate, when there is no resemblance 
in chemical properties between the two. 

Invention of the convenient term, 
equivalents per million, has been credited 
to Robb by Hall who first published the 
term in 1927.7 The U. S. Geological 
Survey abandoned Stabler’s reaction 
value, which is meaningless without 
definition, in favor of the precise but 
unwieldy term, milligram equivalents per 
kilogram.* It is probable that the 
experience of many others has been 
similar to that of the author, who 
formerly used equivalents per liter, 
abandoned that for equivalents per 
million in order to move the decimal 
point to a more convenient location, 
and later discovered that other chemists 
and engineers were using the same unit. 
The unit is so convenient that its si- 
multaneous or successive discovery by 
many workers is not surprising. 

Before proceeding to demonstration of 
the proposed method of reporting analy- 
ses, the widespread practice of reporting 
molecular combinations should be men- 


7J. A. Robb and R. E. Hall, ‘‘A Physico-Chemical 
Study of Scale Formation and Boiler-Water Condition- 
ing,” Bulletin 24, Mining and Metallurgical Investigations, 
Carnegie Institute of ong (1927). 
8 Collins, ‘Graphic Representation of Water 
Analy ses, ” Industrial and ngineering Chemistry, Vol. 15, 
p. 394 (1923). 


tioned. This practice is undesirable 
because such a report is not an accurate 
representation of the analyzed sample. 
In solution all salts are dissociated into 
ions;. analytical procedures determine 
either individual ions or groups of ions 
of similar electrical sign, so that if the 
analyst reports what he actually deter- 


TABLE I. 


Constituent Symbol InTermsof ppm. 
Total hardness CaCOs 120 
Calcium CaCOs 83 
Magnesium Mg CaCO; 37 
Alkalinity to methyl 

CaCOs 
Basicity to phenol- 
phthalein Alk. CaCOsz 


Sodium alkalinity 
Free CO: 


mineral 
acidity 


TABLE II. 


Dissolved salts 


mines, he should report ions. A report 
of molecular combinations must be calcu- 
lated from concentrations of the ions, 
and the nature of the report will be influ- 
enced by the opinions of the calculator, 
so that reports of analysis of identical 
samples by different laboratories might 
not be recognized as the same. A par- 
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ticularly undesirable feature of this 
method of reporting is the hypothet- 
ical determination of nonexistent com- 
pounds, such as calcium bicarbonate. 

For comparison, a water analysis from 
a published paper® is shown in Table I 
and the same data, in ppm. and epm. 
units, is given in Table II. The report 
given in Table I is repetitive, since some 
of the items are derived from others; and 
it is incomplete, since no value is given 
for sodium. The “alkalinity to methyl 
orange” in Table I is converted to HCOs- 
in Table II. A more accurate repre- 
sentation requires a more accurate 
method of determination’ and becomes 
a problem of analysis and not one of 
reporting. 

In the absence of a direct determina- 
tion of sodium, the value given in 
Table II is the difference between the 
sums of the anions and cations deter- 
mined. All other errors in analysis 
are combined in this one value. The 
value for free carbon dioxide in Table I 
is accepted in Table II, although it again 
is related to the bicarbonate and car- 
bonate concentrations and to pH.” It 
is interesting to note that the figure for 
“dissolved salts’ of Table II, obtained by 
totaling the concentrations of individual 
ions, is over 40 per cent greater than the 
similar figure for “total solids” in Table I. 

The illustrative data of Table I origi- 
nally were used® for the calculation of 
composition of that water after various 
treatments. Similar calculation can be 
made almost by inspection of the data of 
Table II. For example: after softening 
in salt-regencrated Zeolite, essentially 
all of the caicium and magnesium will be 
replaced by sodium; the anions remain 
unchanged. ‘The effluent from the sof- 


® Howard L. Tiger, “‘Cark «aceous Zeolites—an Ad- 
vance in Boiler-Feedwater Conditioning,”’ Transactions, 
Soc. Mechanical Engrs., Vel. 60, p. 322 (1938). 
i0 Tentative Method for Determination of Total Car- 
bon Dioxide and Calculation of the Carbonate and Bi- 
carbonate Ions in Industrial Waters (D 513 - 38 T), 1939 
Book of A.S.T.M. Standards, Part III, p. 1108. 
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tener will therefore have 2.78 epm. of Nat 
and no other cations. The increase ip 
dissolved salts will amount to: 


(2.78 X 23) — 51 = 13 ppm. 


The stoichiometric salt requirement for 
regeneration will equal the sum of cal- 
cium and magnesium ions or 2.4 epm. 
This value is converted to pounds of salt 
per million pounds of water by multipli- 
cation by the equivalent weight of salt, 
58.46, to give 140. The regeneration 
efficiency is only about one third," so 
that the actual salt requirement would 
approximate 420 lb. per million pounds 
of water. 

Calculation of phosphate requirement 
for direct treatment of the water of 
Table II as boiler feedwater can be made 
almost as easily. Assuming that both 
magnesium and calcium are to be precipi- 
tated as phosphates, the phosphate re- 
quirement would be 2.4 epm. If at the 
same time it were desired to neutralize 
the feedwater alkalinity, it would be 
necessary to add 2.2 epm. of hydrogen 
ion. This could be done by the use of 
acid phosphates, a mixture of phosphoric 
acid and either monosodium or disodium 
phosphate. If phosphoric acid and 
monosodium phosphate were used, their 
proportions would be calculated as 
follows: 

Let X = proportion of phosphoric 

acid, and 
proportion of monosodium 

phosphate: 

2.4X + 2.4(2/3(1 — X)) = 2.2 
24X — 16X = 2.2—1.6 
0.8X = 0.6 
X = 0.75 


Acid requirement 
= 0.75 X 2.4 = 1.8 epm. 
Monosodium phosphate requirement 
= 0.25 X 2.4 = 0.6 epm. 


1 P. G. Bird, ‘Removal of Dissolved Salts from Water 
by Exchange Filters,’’ Proceedings, Am. Soc. Testing 
ats., Vol. 38, Part II, p. 635 (1938). 


¢ 
1.§ 
| 
0. 
it 
hydr 
| quire 
alkal 
beso 
cipit 
2.2 
dosa 
epm. 
Since 
1.66, 
and 
hyd 
latio 
Le 
1. 


- Apams on REpPoRTING THE RESULTS OF WATER ANALYSIS 


1.8 epm. of PO;-—~ as 75 per cent phos- 
phoric acid equals: 

1.8 X 32.68 _ 78 ppm. (pounds per 

0.75 ~~ million pounds). 

0.6 epm. of monosodium phosphate = 
0.6 X 46.01 = 28 ppm. (pounds per 
million pounds). 

"If the magnesium will precipitate as 
hydroxide, and phosphate will be re- 
quired only for calcium precipitation and 
alkalinity reduction, the calculation will 
be somewhat different. Magnesium pre- 
cipitation will reduce the alkalinity from 
2.2 epm. to 1.46 epm. The phosphate 
dosage must be chosen to provide 1.66 
epm. of PO;-—~ and 1.46 epm. of Ht. 
Since 1.46 is greater than two thirds of 
1.66, phosphoric acid still must be used, 
and if it is used in conjunction with an- 
hydrous disodium phosphate, the calcu- 
lations would be as follows: 

Let X = proportion of phosphoric 

acid, and 

1— X = proportion of 

phosphate: 
1. 
1.66X + (1— X)= 
1.66%. 0.55X = 1.46— 0.55 
1.11X = 0.91 


disodium 


‘toe 


+ = 
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Acid requirement = 
= 0.82 X 1.66 = 1.36 epm. 

Disodium phosphate requirement _ 
= 0.18 X 1.66 = 0.30 epm. 

1.36 epm. of 75 per cent phosphoric 

acid equals: 

1.36 X 32.68 59 ppm. (pounds per 

0.75 ~ million pounds). 

0.30 epm. of disodium phosphate = 

0.30 X 47.37 = 14 ppm. (pounds 
per million pounds). 

The author and his committee believe 
that the proposed system of reporting 
water analyses meets the requirements 
of understandability, familiarity, con- 
venience, and precision necessary to 
make it generally acceptable and usable. 
After adoption as a tentative standard 
of the Society, it will be subject to modi- 
fication and improvement at the sugges- 
tion of all members. If those who make 
and use water sr analyses will "make a 
sincere effort to employ the ‘proposed 
system, particularly in publication, much 
time now lost in conversion calculations 
can be saved and we shall have made 
another step forward toward complete 
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Mr. Howarp L. in 
written form).—Mr. Adams and the Sub- 
committee on Classification of the So- 
ciety’s Committee D-19 on Water for 
Industrial Uses are to be commended for 
their efforts to clarify and simplify the 
cumbersome and confusing terminology 
that has been so frequently used in 
reporting water analyses. There are 
only a few comments that I should like 
to make on the suggested procedure for 
reporting such analyses. 

There is surely no basis for reporting 
the dissolved substances in water as 
hypothetical compounds, and, as Mr. 
Adams points out, the logical method is 
to report the analysis in terms of the 
individual anions and cations, as this is 
the form in which the substances 
actually exist in dilute solution. It 
should be borne in mind, however, that 
in addition to presenting these basic 
figures, it is desirable to present some 
additional figures for the convenience 
of those who will have to interpret the 
analyses and who may not be so familiar 
with the methods of making calculations 
from the equivalents. For example, 
the reader of an industrial analysis 
usually wants to know the total hard- 
ness, and, in the case of boiler feedwater, 
he usually wants to know the sulfates 
and the sodium alkalinity in terms of 
Na2SO, and NazCOs, respectively, so 
that he may readily determine whether 
the composition of the boiler feedwater 
complies with the sulfate: carbonate rec- 
ommendations of the American Society 
of Mechanical Engineers. Furthermore 


1 Vice-President, The Permutit Co., New York, N. Y. 
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where the new carbonaceous hydrogen 
ion exchange materials are under con- 
sideration, it is desirable to summarize 
figures on theoretical mineral acidity, etc. 

The need for this additional informa- 
tion in convenient form explains why 
these items were included in Table I 
of Mr. Adams’ paper which, as he states, 
is a copy of a table in my paper, ‘‘Car- 
bonaceous Zeolites—an Advance in 
Boiler-Feedwater Conditioning,” pub- 
lished in the A.S.M.E. Transactions for 
May, 1938, pages 315-325. Mr. Adams 
calls these items repetitive, but in my 
opinion it is desirable to supplement 
the simplified form recommended in his 
Table II with such additional figures as 
may be found convenient for general 
industrial use. 

Another point which Mr. Adams 
brings out in his paper is the total 
solids calculation in his Table II as 
compared with the figure given in Table 
I. In Mr. Adams’ calculation, he con- 
siders the bicarbonates to be present in 
that form when he makes his total solids 
calculation. Actually, the principal sig- 
nificance of the total solids calculation 
is for boiler feedwater purposes, and it 
will be noted that Table I was presented 
in a paper relating to boiler feedwater. 
From that point of view, one is inter- 
ested in the total solids that will exist 
in the concentrated boiler salines. 

It is well known that all the bicar- 
bonates and the bulk of the carbonates 
decompose in the boiler, so that the 
concentrated salines contain a mixture 
of hydroxides and _ carbonates—the 
higher the pressure, the higher the pro- 
portion of hydroxides. It appears logi- 
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cal, therefore (at least from the boiler 
feedwater point of view), to calculate the 
total solids on the basis of the com- 
pounds that will exist in the boiler. 
It is the lower molecular weight of these 
compounds which accounts for the dif- 
ference between Mr. Adams’ calculation 
of 211 ppm. as against my previous 
calculation of 149 ppm. total solids. In 
this connection, it might be advisable to 
indicate on the analysis that the cal- 
culation of total solids is based on the 
conditions that prevail in the boiler. 

I agree also with Mr. Adams’ sug- 
gestion to report the results in terms of 
equivalents, in order to simplify various 
calculations in connection with an analy- 
sis. However, during the transitional 
period required to familiarize engineers 
and industrial men with this simplified 
method of expression, it will undoubtedly 
be advisable also to present the results in 
terms of ppm. And in presenting the 
results in that converted form, I think 
it would be better to express the results 
in terms of ppm. as CaCQs. 

As to the form of expression for the 
equivalents, Mr. Adams states that he 
formerly used equivalents per liter, but 
that he abandoned that “‘for equivalents 
per million in order to move the decimal 
point to a more convenient location. . .” 

In this connection, it may be pointed 
out that the same result may be obtained 
by reporting the analysis in milli- 
equivalents per liter (meq. per 1.). 
This moves the decimal point to the 
right, and at the same time it retains 
certain definite advantages which are 
inherent in milliequivalents per liter as 
compared with the suggested term 
“epm.”’: 

1. “epm.” is vague and indefinite, as 

it is not clear whether the term means 

equivalents per million equivalents of 

water or gram equivalents per mil- 

lion grams; 

2. “epm.” is not related to the actule 

method of measurement used in tha 
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laboratory where one analyzes the 
constituents in a certain volume of 
water; 
3. “epm.” is not an accepted chemi- 
cal term like “meq. per 1.” The 
latter fits in with the international 
language of the chemical laboratory, 
and it permits simple conversion to 
milligrams per liter which is a uni- 
versal term for any water analysis and 
which, furthermore, is synonymous 
with “ppm.” 
Mr. J. D. Yoper? (by /etter).—Very 
often in the consideration of water 


TABLE I.—OPERATING RESULTS SHEET.* 


No. 2, | No. 3, | No. 4, 
epm./50| epm./50, epm./50 


1. 
1. 
6. 
5.( 


2.( 
1, 
9. 


2.4 
(5.8) 


. 1 = Raw water—pond SW-4, 10/6/38. 
. 2 = Coagulated and filtered—(a um + NazCOs). 
. 3 = Zeo-Karb-Na treatment—plus NasPO, (in 


No. 4 = No. 3 concentrated 50 times in boiler. 


treatment especially where several steps 
of treatment are applied it is desirable 
to show in parallel columns the effect of 
each proposed treatment. 

The use of “epm.” generally requires 
fractional units which are inconvenient 
and are not closely related to the 
average engineer’s conception of the 
hardness or mineral solids in the water. 
Accordingly, I am suggesting for con- 
sideration the use of the term “epm./50.” 
The Operating Results Sheet (accom- 
panying Table I) shows how these units 
have been applied. 

To employ epm./50 is the same as 


2 Manager of Sales, Boiler Feedwater Division, The 
Permutit Co., New York, N. Y. 
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reporting the ions in terms of calcium 
carbonate but the term epm./50 is more 
convenient and is very similar to what 
Mr. Adams’ committee has already 
recommended. 

When dealing with highly concen- 
trated solutions the term epm. would be 
more convenient but for water analyses 
the smaller units are preferable. For 
convenience the total dissolved solids 
expressed in ppm. might be considered 
the sum of the cations in epm./50 
plus SiO, in solution. This of course 
is not strictly correct but it serves all 
practical requirements. The hardness 
in ppm. calcium carbonate is the sum of 
the calcium and magnesium epm./50. 

I should be glad to have Mr. Adams’ 
comments. 

Mr. R. C. BaARDweLi.i—I am a 
member of Mr. Adams’ committee and 
do not want to disagree too strongly with 
the excellent work that has been done 
by Mr. Adams. It has been hard and 
tedious work that he has performed. 
But the fact still remains that, as far as 
boiler water analyses are concerned, I 
would estimate that at least 80 per cent 
are not being reported in the terms he 
has recommended. 

It is a fine thing for chemists to report 
exactly what they find in the form that 
they find it. A chemist who makes a 
water analysis conscientiously and prop- 
erly does just about what Mr. Adams has 
outlined in his report. However, when 
it comes to making the report of the 
analysis, it has to be put in a form 
understandable to the persons to whom 
the report is made. 

As far as boiler water analyses are con- 
cerned, the general practice has been 
practically uniform to report the water 
analysis in the form of hypothetical 
combinations. To a chemist or research 
worker, this may not be exact or 
scientifically proper, but this form has 


Superintendent of Water Supply, Chesapeake & 
Ohio Railway, Richmond, Va. 
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been so generally used that it appears 
to be understandable to the persons who 
require this information. The wide- 
spread use of this form entitles it to some 
consideration. 

In my opinion, the most helpful action 
that can be taken by this Society would 
be to agree on a standard method for 
making these hypothetical combina- 
tions where such form of report is desired. 
Regardless of the action taken by the 
Society, the practice of using hypo- 
thetical combinations in making reports 
of boiler water analyses will be con- 
tinued. It would promote uniformity 
if these hypothetical combinations are 
made in accordance with a standard 
method such as has been recognized and 
adopted by other technical societies who 
have investigated the problem. The 
American Railway Engineering Assn. 
in 1923 adopted a recommended plan 
for hypothetical combinations in water 
analysis reports; the American Water 
Works Assn. adopted a similar plan 
in 1929. 

If water analysis reports are for high 
technicians or research work, there is 
no question but that the ionic method as 
outlined is a good form. If the report 
is to be made in a form which will be 
understood by persons responsible for 
its application in the industrial field, this 
will not apply, and, in my opinion, we 
should conform to the plan that has 
proven successful and is being univer- 
sally used. This form is a standardized 
method for hypothetical combinations. 

It is appreciated that this recom- 
mendation is against the vote of the 
committee and is a minority report, but 
I still think it proper. 

Mr. Sam S. Taytor‘ (by letter).— 
The following comment is based on 
Mr. Adams’ paper. 

The literature describes many diverse 
ways of reporting the results of water 


4 Assistant Petroleum Engineer, Petroleum Equipment 
Station, Bureau of Mines, Bartlesville, Okla. 


analy 
adval 
grouy 
thoug 
repor 
erenc 
opera 
hard1 
watel 
equiv 
a cium 
of h 
the re 
ibe salini 
the r 
binat 
TAB 
Calciun 
Bicarbc 
Sulfate 
Chlori¢ 
Bromid 
lodide 
Total S 
Specific 
state: 
yses 
millic 
gram 
and 
impe 
+ in all 
used. 
wate! 
binat 
unde; 
analy 
W: 
simil; 
large 
ls or m 


analyses. Each method used has been 
advanced to an established practice by 
groups who represent various schools of 
thought and who understand the analysis 
reported by the method of their pref- 
erence. Some municipal water plant 
operators are interested mainly in the 
hardness of the water, and to these men 
water analyses are reported in terms 
equivalent to calcium carbonate (cal- 
cium carbonate usually is the main cause 
of hardness). Another group desires 
the results of water analysis reported as 
salinity and alkalinity. Some desire 
the results shown as hypothetical com- 
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method used by the chemist in re- 
porting the analyses is dictated by the 
group that is to use the analyses; 
naturally the method used is one under- 
standable by the majority of the group. 

If water analyses were reported uni- 
versally by giving the ionic concentra- 
tion of each component determined in 
milligrams per liter and the specific 
gravity of the sample, any type of a 
reported statement could be calculated, 
and the result would conform with a 
large number of the many analyses al- 
ready published. Fortunately many or- 
ganizations report water analyses by at 


binations. 


Some desire only the ionic 


least two methods, including parts per 


TABLE II.—AN OIL-FIELD BRINE ANALYSIS CALCULATED FOR REPORTING BY TWO METHODS. 


_|grams per liter) 


Bureau of Mines Method Method Suggested by Adams 


Parts per 
Million (milli- 
grams per 
kilogram) 


Parts per 


Reacting Values 
Million (milli- 


in Percentage 
(Palmer) 


Equivalents 
per Million 
(reaction value) 


Calcium (Ca) 
Magnesium (Mg) 
Sodium (Na) 


31 

5 134 
1 546 
39 772 


Bicarbonate (HCOs) 
Sulfa’ 


te 
Chloride (Cl) 
Bromide (Br) 
lodide (I) 


Total Solids 
Specific gravity at 15.6 C. (60 F.)................. 


121 578 
1.087 


1945.49 


statement of soluble components. Anal- 
yses are reported variously as parts per 
million, milligrams per kilogram, milli- 
grams per liter, grains per U. S. gallon, 
and (in foreign countries) grains per 
imperial gallon and parts per 100,000; 
in all countries individual variations are 
used. All of these methods of reporting 
water analyses, used singly or in com- 
binations, have the advantage of being 
understood by those for whom the 
analyses were made. 

Water analysts in this country use 
similar methods of procedure, and a 
large number have adopted procedures 
or modifications thereof, as outlined by 
the American Public Health Assn. The 


million (milligrams per liter) as do the 
Bureau of Mines, Geological Survey, 
and many State 3oards of Health. 

The Bureau of Mines has given the 
subject of reporting the results of water 
analyses careful consideration and has 
recorded its conclusions in Technical 
Paper 432. In that paper it has recom- 
mended “that the use of ‘milligrams per 
liter’ be continued to designate parts per 
million, while the term ‘parts per million 
by weight’ is reserved to designate 
milligrams per thousand grams of 
sample.” 

The proposals of Mr. Adams are cor- 
rect fundamentally, but they present 
nothing new. Furthermore, the stand- 


ars ‘ 
vho 
de- 
yme 
jon 
uld 
for 
na- 
red. 
the 
orts 
on- 
rity 
lard 
The | 
ssn. th 
ater | 4723 235.68 
high 103 | 98 is 
e is 74820 | 68 832 1941.28 a 
d as 1 1 0.01 
l be 1.087 
for ye 
this 
, we 
has 
iver- 
lized 
ions. 
the 
but 
r).— 
on 
verse 
vater 
ipment 
s 7 my, 
3 


1316 


ard method of reporting the results of 
water analysis adopted by the American 
Public Health Assn. is the same as the 
method proposed by Mr. Adams, but 
its method of reporting is quite liberal 
in that it recognizes the advantage of 
reporting results understandable by 
groups adhering to various methods of 
reporting and comparable with those 
published in the literature. 

The accompanying Table II shows 
the manner of reporting the results of a 
brine analysis by two methods. Col- 
umns 2 and 3 indicate how the Bureau of 
Mines reports (in column 2 as milli- 
grams per liter) the analysis, and in 
columns 4 and 5 the same analysis is 
shown by the method of reporting sug- 
gested by Mr. Adams. The values 
shown in column 4 are defined in Tech- 
nical Paper 432 as milligrams per thou- 
sand grams of sample or “parts per 
million by weight.’”’ These values were 
obtained by dividing milligrams per 
liter (ppm. by volume) by the specific 
gravity of the sample at the same 
temperature. The Bureau in report- 
ing its findings in milligrams per liter is 
conforming with customary practice in 
measuring water; in other words, water 
is measured by volume rather than by 
weight. The values shown in columns 
4 and 5 were calculated from the values 
shown in column 2. The Bureau’s 
analysis can be recalculated into any 
desired scheme of reporting. 

Mr. Ropert C. Apams® (Author’s 
Closure).—As Mr. Taylor says, no new 
proposals have been offered in the paper. 
What it does propose is the establish- 
ment of a practical, usable basis for 
uniformly understandable reports of 
water analyses by reasoned selection 
from what is old. The outline which 


has been presented can be elaborated 
5’ Chairman, Subcommittee V, Committee D-19, on Clas- 


sification; Chemical Engineer, U. S. Naval Engineering 
Experiment Station, Annapolis, Md. 
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and extended for special applications 
without loss of this basic soundness and 
understandability. 

Mr. Tiger would provide certain 
combinations of ions, such as Theoretical 
Mineral Acidity, in his report of analysis, 
There can be no objection to this, nor 
to his estimation of residue on evapora- 
tion in a boiler, so long as these special 
combinations are defined and are not 
given names otherwise defined in the 
standard method of reporting. The 
writer believes the term epm. is as widely 
used and understood as Mr. Tiger’s 
proposed alternate meg. per |. and has 
the advantages of brevity, homogeneity 
(being a weight-per-weight unit), and 
analogy with ppm. with which it is 
associated. 

The use of convenient multiples of 
the basic units, suggested by Mr. Yoder, 
should extend the usefulness of the 
standard. Whether epm. should be 
multiplied by 10, 50, 100 or another 
number is immaterial so long as the 
multiplier is clearly stated. However 
it would seem that when the concentra- 
tion is multiplied by 50, for example, 
it should be expressed by epm. X 50. 

Mr. Bardwell’s assistance as_ the 
spokesman for the opposition has been 
appreciated by the Committee and the 
writer. His further cooperation in ex- 
tending his private system, which prob- 
ably resembles the proposed standard, 
to more general use and recognition 
would also be helpful. 

The general agreement in all the 
discussions on the soundness and accu- 
racy of the proposed standard is hearten- 
ing evidence that the Committee has 
cleared a usable meeting ground in the 
forest of water reporting. If the epm- 
ppm. system can be maintained as 4 
basis for the adaptations necessary for 
special cases we shall have progressed 
in mutual understanding. 
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A REVIEW OF DATA ON THE RELATIONSHIP OF CORROSIVITY 


By V. 


At various times suggestions have been 
advanced to correlate the corrosivity 
of a water with its chemical analysis 
or some particular property of the water. 
In reviewing these various suggestions 
we have made no attempt at an ex- 
haustive discussion. Our object is to 
stimulate further work in the develop- 
ment of formulas to make them broader 
in application and to bring to light data 
collected by various investigators that 
will assist in the eventual solution of 
the problem. 

It is recognized that if we remove the 
air or oxygen from natural water, 
corrosion is eliminated. Also, if we 
maintain a sufficiently high pH in a 
water, corrosion is reduced to a minimum 
in spite of the oxygen content. (This 
statement does not apply to very 
elevated temperatures.) If the chem- 
ical constituents of a water are in such 
proportions that calcium carbonate is 
precipitated on the metal surface, then 
the water is noncorrosive. These and 
other facts have been used from time 
to time to forecast the corrosivity of a 
water or to form a basis for treatment 
to render it noncorrosive. The formula- 
tion of hypothetical combinations of 
the constituents of a water are legion. 
Assumptions as to the corrosivity of a 
water based upon such hypothetical 
combinations may be misleading. Com- 
plete analytical data should be given. 
If a particular hypothetical combination 


! Corrosion Engineer, National Tube Co. (Subsidiary 
of U. S. Steel Corp.), Pittsburgh, Pa. 
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OF WATER TO ITS CHEMICAL ANALYSIS 


V. KENDALL! 


has been found to be useful in a local 
water where the properties of that water 
are known, by all means report it; but 
at the same time, give the complete 
ionic analysis. This permits later re- 
calculations on the basis of more 
information and also permits other 
investigators with different ideas to 
utilize the data. 

Stabler? formulated mathematically 
a comprehensive scheme for interpreting 
an industrial water analysis. His “‘co- 
efficient of corrosion” represented the 
net concentration of hydrogen ion in 
the water and was the sum of any 
hydrogen ion in the water plus that 
resulting from the hydrolysis of alumi- 
num, iron, and magnesium salts minus 
that removed by carbonates and bi- 
carbonates. He recognized the effect 
of calcium or the precipitation of 
calcium carbonate. If the calcium con- 
tent was sufficient to provide definite 
precipitation of calcium carbonate, the 
water was noncorrosive, but if a border- 
line condition prevailed it might or 
might not be corrosive. 

The use of pH adjustment for the 
control of corrosion in municipal water 
supplies was developed in large part 
by the efforts of J. R. Baylis. The 
maintenance of a pH value on the 
alkaline side was found to prevent ‘“‘red 
water” trouble. In addition to main- 


2 Herman Stabler, ‘“‘The Mineral Analysis of Water 
for Industrial Purposes and Its Interpretation by the 
Engineer,” Engineering News, Vol. 60, pp. 355-357 (1908) ; 
also .““Some Stream Waters of ‘the Western United States,’ 
Water Supply, Paper 274, U. S. Geological Survey (1911). 
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taining the pH at or above the calcium 
carbonate equilibrium, Baylis* had the 
further idea that “The problem in 
treatment of water to prevent corrosion 
is to produce conditions nearest ideal 
for the precipitation of all the products 
of corrosion at the point where corrosion 
is taking place—that is, where every 
tendency to corrode will quickly form 
insoluble compounds.” 

Palmer* evolved a system of classifica- 
tion of ground waters characterized by 
division of the constituents into per- 
centage amounts of primary and sec- 
ondary salinities, and primary and 
secondary alkalinities. Primary and 
secondary salinities consist of the 
chlorides and sulfates of sodium and 
potassium and of calcium and mag- 
nesium, respectively. Primary and 
secondary alkalinities consist of the 
carbonates and bicarbonates of sodium 
and potassium and of calcium and 
magnesium, respectively. Tertiary 
salinity (acidity) is the excess (if any) 
of salinity over primary and secondary 
salinity. Mills® used the Palmer system 
of classification in a survey of corrosion 
in the oil and gas fields. His comparison 
of the chemical qualities of corrosive 
and noncorrosive oil- and gas-well waters 
is given in the following table: 


Corrosive, 
per cent 


50 to 91 


Nonocorrosive, 
per cent 


16 to 83 


Properties of Reaction 


Primary salinity 
Secondary salinity.. 
Primary alkalinity... 
Secondary alkalinity... 
Chloride salinity 
Sulfate salinity. . 
Concentration of 
matter, p.p.m............ 2106 to 164 000 5000 to 12 000 


In his summary he states “Field evidence 
indicates that corrosion in wells rarely 
occurs when the waters have a primary 


3 J. R. Baylis, ‘Factors Other than Dissolved Oxygen 
Influencing the Corrosion of Iron Pipes,’’ Industrial and 
Engineering Chemistry, Vol. 18, p. 370 (1926). 

4 Chase Palmer, “The Geochemical Interpretation of 
Water Analysis,” Bulletin No. 479, U. S. Geological 
Survey, 31 pp. (1911). 

5R. Van A. Mills “Protection of Oil and Gas Field 
Equipment Against Corrosion,” Bulletin No. 233, U. S. 
Bureau of Mines, 127 pp. (1926). 
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alkalinity exceeding 14 per cent. High 
concentration of chloride and sulfate 
salts, more especially calcium and mag. 
nesium chlorides, in the absence of 
primary alkalinity, is especially favor. 
able to corrosion.” Such a classification 
is more applicable to heavy brines or 
waters, such as are found in the oil and 
gas fields, and appears to be of value 
in that field. 

In 1936, Langelier® introduced a 
mathematical evaluation of the ability 
of a water to precipitate calcium car- 
bonate. If 2 water is unsaturated with 
respect to calcium carbonate, it will 
attack the metal. If it is oversaturated, 
a coating of calcium carbonate will be 
precipitated on the metal and will 
protect it. For the derivation of the 
equations, reference should be made to 
the original paper. For our purpose 
we are concerned only with final equa- 
tions which follow: 

Corrosion Index = pHactusi — PH; 
pH, = (pK’s — pK’,) + pCa** + pAlk. 
The two latter terms of the second 
equation are negative logarithms of the 
molal and equivalent concentrations of 
calcium and titratable base, respectively. 
pK’. and pK’, are the negative loga- 
rithms of the second dissociation con- 
stant for carbonic acid and the activity 
product of the CaCOs, respectively. 
The difference (pK’s — pK’s) varies 
with ionic strength (salinity) and tem- 
perature, a table of values for which is 
given. pH, is a hypothetical value 
representing the pH at equilibrium 
assuming no change in composition of the 
water in bringing it to equilibrium. For 
rapid calculation of pH reference should 
be made to the monogram published by 
Hoover.’ 

If the corrosion index is zero, the 


6W. F. Langelier, ‘“The Analytical Control of Anti- 
Corrosion Water Treatment,”’ Journal, Am. Water Works 
Assn., Vol. 28, October, 1936, p. 1500. 

7C.P. Hoover, ‘ ‘Practical Application o the loo 
Method,”’ Journal, Am. Water Works Assn., Vol. 
November, 1938, pp. 1802-1807. 
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water is in equilibrium at that tempera- 
ture. A positive index indicates over- 
saturation and a tendency to crystallize 
or to lay down a protective coating of 
CaCO; in the pipe, and a negative index 
indicates undersaturation or a tendency 
to dissolve an existing carbonate coat- 
ing. In addition to the data offered by 
Langelier, DeMartini* reported data 
from California cities and concluded 
that “in the case of cold waters that 
have a saturation index more positive 
than — 0.5, little corrosion difficulty is 
to be expected. For hot waters having 
an index more positive than zero, slight 
difficulty is to be expected.” “This 
should not be interpreted to mean that 
waters meeting this standard will be abso- 
lutely free from corrosion effects. (Italics 
are Kendall’s.] Pitting may continue, 
but at a much slower rate. It may also 
require considerable time for waters 
brought to the above standard to build 
up a protective coating on the metal.” 

The practical data given were based 
upon the occurrence of “red water” 
complaints. It is a known fact that 
corrosion can proceed without actual 
precipitation of iron in the water, or 
“red water,” as it is called. Below the 
point of iron precipitation, corrosion is 
proceeding, but it becomes serious when 
the rate of corrosion is increased to the 
point of “red water.” If the corrosion 
index is zero, that means that the water 
is in equilibrium with calcium carbonate 
but that no calcium carbonate is being 
precipitated and hence no protection is 
afforded the pipe. The ideal condition 
is the precipitation of a thin layer of 
calcium carbonate that is protective 
and is maintained at that thinness, but 
that does not build up to a thickness 
that decreases the rate of flow of the 
water. This means further that actually 


_ E. De Martini, ‘Corrosion and the Langelier Cal- 
cium Carbonate Saturation Index,” Journal, Am. Water 
Works Assn., Vol. 30, January, 1938, pp. 85-111. 
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to protect the pipe, the corrosiori index 
must be maintained at a positive value 
and not at zero or a — 0.5 value. If 
the corrosion index is very slightly posi- 
tive the rate of precipitation of calcium 
carbonate may be so slow that it will 
offer very little or no protection to the 
pipe. Langelier, himself, states that 
“In those cities where pH adjustment is 
practised, either for corrosion or in- 
crustation control, the tendency is to 
undertreat.”” The Langelier index will 
separate waters definitely corrosive or 
noncorrosive but will not give the actual 
picture in the range at or close to cal- 
cium carbonate equilibrium. 

In dealing with municipal waters, our 
first problem is to determine a measure 
of the corrosivity of the water. General 
experience is unreliable and misleading. 
Laboratory tests are few and their re- 
production of service conditions has been 
questioned. There remains the service 
test. To determine what data might 
be obtained from this source, records 
of. service tests in hot water lines in 
various cities were investigated. In 
making a service test, steel and wrought 
iron pipes, 2 or 3 ft. long, are placed in 
the hot water line in alternate positions 
—for example, steel, wrought iron, steel, 
wrought iron, etc. Two or three pieces 
of each material are used. Other ma- 
terials may be included. After the pipe 
has been in service from one to twelve 
years, it is removed, cleaned, and the 
depth of pitting measured. No attempt 
is made to determine the loss in weight, 
since practical conditions do not permit 
accurate loss in weight determinations, 
and the life of the material is dependent 
on pitting and not on loss in weight. 
Cleaning is generally by ammonium 
citrate, but wire brushing and shot 
blasting may be used. In recent tests, 
shot blasting was used as such cleaning 
is thorough and the depth of pitting is 
not appreciably affected. In measuring 
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the depth of pitting, 6 in. on each side 
of the coupling are ignored to prevent 
any dissimilar metal effect from affecting 
the results. The average of the ten 
deepest pits on each piece of pipe is taken 
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under the particular conditions ep. 
countered. 

The records of service tests in hot 
water lines in various cities were then 
consulted and the rate of pitting plotted 


as the depth of pitting of that piece, against period of exposure. These data, 
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sy. 1.—Data from 42 Service Tests in Hot Water Lines in Seventeen Cities. 
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notes . Fic. 2.—Service Tests in Hot Water Lines in New York, N. Y. a 


and where several pieces of the same 
material are included, the average of 
these averages is taken as the depth of 
pitting of that material. The service 
test insures identical conditions of ex- 
posure for different materials and shows 
what may be expected from any material 


consisting of 42 service tests in 17 cities, 
are shown in Fig. 1. Experimental 
conditions such as temperature, velocity 
of flow, etc., varied from test to test, 
as would be expected. In spite of such 
variation, the points at 2-yr. exposure 
and longer fall on a definite curve. At 
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approximately 1-yr. exposure, the vari- 
ation is considerable. This would indi- 
cate that the initial attack on the metal, 
as measured by the results within the 
first year, is a function of the corrosivity 
of the water. After the initial period of 
rust formation, the rate of corrosion is 
slowed down. The attack on the metal 
is then dominated by the character of 
the rust, its porosity, its ability to permit 
diffusion of oxygen, etc. This decreas- 
ing rate of corrosion with time is further 
shown by plotting separately (Fig. 2) 
the results from 13 service tests in New 
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Conductivity , mhos per cm. at 25C. (x 1076) 


Fic. 3.—Effect of Conductivity of Water on 
Rate of Pitting. 


York City. It is evident that the period 
of exposure must be taken into con- 
sideration in assigning a corrosion value 
to a water or in comparing the corrosivi- 
ties of several waters. 

The service tests at an exposure of 
approximately one year were then sepa- 
rated and the records were consulted to 
obtain the analyses of the waters during 
the period of the tests. This left 16 tests 
in eight cities for which water analyses 
were available. In some cases, the 
water analyses were not available for the 
exact test periods and the nearest analy- 
sis in point of time was then used. In 
general, the average yearly analysis 
varied little from year to year. 

The Langelier corrosion index could 
not be calculated due to lack of pH data. 


Plotting the various constituents of the 
water and ratios of certain constituents 
to others resulted in “shotgun” 
diagrams. 

If our theory of electrochemical corro- 
sion is correct, there should be a relation- 
ship between the specific electrical con- 
ductivity and corrosion. Specific con- 
ductivity measurements have been used 
for determining the purity of steam, of 
supplies used for boiler-feed purposes, 
and the concentration of boiler and 
evaporator water.’ The electrical con- 
ductivities of the water were calculated 
using the factors given by Hecht and 
McKinney for calculating specific con- 
ductance from the ionic analysis. 

The points shown are averages as 
follows: New York City, 4 tests; Pitts- 
burgh, 5 tests; Scranton, 2 tests; and one 
each for the rest. These data are shown 
in Fig. 3. Correlation between rate of 
corrosion and conductivity is shown in 
the data from six out of the eight cities. 
The service tests in Pittsburgh and 
Scranton gave a high rate of corrosion. 
The 5 tests in Pittsburgh varied from 
a rate of 0.03 in. per yr. to 0.13 in. per yr. 
The probable explanation of the high 
figures for Pittsburgh and Scranton is 
seasonal variation in the pH value of the 
water. 

We believe that the correlation shown 
between rate of corrosion and specific 
electrical conductance warrants further 
investigation, particularly in view of the 
practical nature of the data and the 
broad averages for water analyses which 
it was necessary to use. It would be 
helpful if those who have conductivit 
equipment would include this deter- 
mination in their water analyses and 
thus furnish more data on this point. 


® Max Hecht and D. S. McKinney, “Electrical dl 
ductance Measurements of Water and Steam, and Applica- 
tions in Steam Plants,’’ Transactions, Am. Soc. Mechanical 
Engrs., Vol. 53, No. 8, May-August (1931). 
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In reviewing the data on the relation- 
ship of corrosivity of water to its chemi- 
cal analysis, the author has not at- 
tempted an exhaustive discussion but 
has endeavored oniy to bring out the 
highlights of the problem and to stimu- 
late discussion and interest with the 
hope that further data will be brought to 
light that will advance our quantitative 
knowledge of the subject. 

In the use of service test data in ob- 
taining a rate figure for the areal 
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of a water, consideration must be given 
to the period of exposure. The corro- 
sive character of a water is best indicated 
in short-time periods before the retard- 
ing effect of the rust coating becomes 
predominant. Data from a large num- 
ber of service tests in hot water indicate 
that after an initial period, the rate of 
corrosion is more or less constant. 

Some correlation was shown between 
corrosivity and specific electrical con- 
ductivity in a number of service tests in 
different cities. 
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Mr. F. L. LAQuE! (presented in written 
form).—It seems evident from Mr. Ken- 
dall’s paper that it is not going to be 
easy to establish a consistent relation- 
ship between the corrosivity of water 
and its chemical analysis—as usually 
reported. 

The following types of water might be 
considered as being noncorrosive: 

1. Those able to protect any metal 
by depositing continuous impervious and 
permanent films, such as lime deposits, 
which originate wholly within the water 
and are maintained by the water. 

2. Those able to protect certain metals 
by the formation of insoluble corrosion 
product films. 

3. Those so constituted as to alkalin- 
ity or corrosion-inhibiting constituents 
as to be noncorrosive to certain metals 
even in the absence of films of the types 
covered by items 1 and 2. 

All other waters might be considered 
as potentially corrosive, with the in- 
tensity of corrosion in any case being 
influenced by the usual factors of aera- 
tion, temperature, and velocity, as well 
as by its chemical composition, acidity, 
and electrical conductivity. The effects 
of chemical analysis of such waters will 
vary considerably from metal to metal 
and it does not seem likely that any 
generally applicable relationship between 
corrosivity and composition will be de- 
veloped. This statement also applies 
to noncorrosive waters of types 2 and 3 
mentioned previously. 

it appears that most of the efforts to 


1 Research and Development Division, The Inter- 
national Nickel Co., Inc., New York, N. Y 
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distinguish between corrosive and non- ° 
corrosive waters have been directed to- 
wards item 1 in the suggested classifica- 
tion of noncorrosive waters, and with 
particular reference to iron and steel. 

Other estimates of the probable cor- 
rosivity of waters towards various metals 
and alloys must be based principally on 
practical experience and the limited 
amount of available corrosion test data. 
Efforts to correlate these practical ex- 
periences and test data with water com- 
position have been made difficult by the 
lack of complete information on the 
chemical characteristics of the waters 
under consideration. 

Fortunately, the chemical make-up 
and corrosivity of a very large part of 
the water that must be handled, that is, 
the water supply of the larger cities, 
remain fairly constant and are subject to 
continuous control. Furthermore, any 
major changes that may occur will 
probably be in the direction of lower 
corrosivity. Consequently, it may be 
unnecessary to know all about the com- 
position of these waters in order to use 
past experience in a locality as a basis for 
providing for probable corrosion of 
metals in the future. 

It seems reasonable to expect that, 
with a better understanding of what 
information on water composition is 
needed by the corrosion investigator, 
eventually a mass of data will become 
available that will enable engineers to 
examine the chemical characteristics of a 
new water supply and predict the prob- 
able behavior of the numerous metals 
and alloys which may be used in contact 
with it; or devise a method of treatment 
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of the water which will reduce its cor- 
rosiveness towards the ordinary mate- 
rials of construction. This may entail 
some changes in the present methods of 
determining and reporting the chemical 
characteristics of water, particularly 
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ties should be of considerable practical 
value to those concerned with the use of 
steel pipe in those localities even though 
he was unable to find any consistent 
relationship between pipe life and water 
composition. 


TABLE I.—RESULTS OF TESTS ON STEEL SPECIMENS EXPOSED TO CORROSION BY TAP WATER 


Duration 


Corrosion Rate, 
in. per yr. 


Corrosion Rate by 
Pitting from Kendall’ 
Fig. 1, in. per yr. 


of Exposure, 
yr. 


Locality 


From Points 
Referring 
to Same 
Locality 


From 


By Pitting 
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ittsburgh, Pa 
Kingston, N. Y 
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Hot water tank 

Hot water tank 

Hot water tank 
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Hot water tank 
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Hot water tank 
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Fic. 1.—Comparison of Rate of Pitting 
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with respect igs such features as the 
content of dissolved gases, acidity and 
electrical conductivity. 

The data which Mr. Kendall has pro- 
vided on the rates of penetration of 
steel pipe by hot water in several locali- 


of Mild Steel in Hot Water by Tests of Independent 
Investigators. 


During the past few years, opportuni- 
ties have been provided for the inclu- 
sion of mild steel in corrosion tests car- 
ried out by exposing specimens in hot 
water tanks in several localities. The 
test specimens were supported on spool- 
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type specimen holders? which were 
placed inside the hot water heating and 
storage tanks. The results of these tests 
are shown in the accompanying Table I 
and Fig. 1 which also include for con- 
venient comparison the rate of pitting 
versus time of exposure data taken from 
Fig. 1 of Kendall’s paper. 
Unfortunately, the thickness of the 
steel specimens (0.05 in.) in these tests 
was not great enough to provide an 


accurate measure of the rate of pitting © 


since, in most cases, the specimens were 
perforated during the test period. So 
far as pitting is concerned, the figures 
indicate only minimum rates. How- 
ever, the positions of these minimum 
rate points with reference to the curve 
from Kendall’s Fig. 1 may be considered 
as tending to support Kendall’s observa- 
tions. 

The broken line curve indicates the 
rates of pitting which would bring about 
perforation of the 0.05 in. thick speci- 
mens at the various time intervals. A 
comparison of this curve with the mini- 
mum rate points from the corrosion tests 
suggests that in most of the waters 
studied the 0.05 in. thick specimens may 
have been perforated after the first six 
months of exposure. 

Whatever value these data may have 
in relation to Kendall’s figures, it is 
obvious that they support the conclu- 
sion that weight loss determinations 
provide no measure of the durability of 
steel in the waters under consideration. 
In addition, they may have some value 
in indicating the minimum rates of 
pitting of steel by hot tap water in the 
localities in which the tests were made. 

Another point which seems worth 
mentioning is that the apparent simi- 
larity between Mr. Kendall’s curve and 
the broken line curve in Fig. 1 of this 

? For description of method see paper by H. E. Searle 
and F. L. LaQue, ‘‘Corrosion Testing Methods,” Proceed- 


he Soc. Testing Mats., Vol. 35, Part II, p. 249 
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discussion might be taken as a strong 
indication that Kendall’s curve also 
satisfies the condition where most, if 
not all, of the observed pitting occurs 
within the early periods of exposure. 
It is suggested that if Mr. Kendall were 
to replot his data on the basis of total 
depth of pitting rather than rate of 
pitting versus time of exposure, the 
tendency for pitting to slow down or 
cease after a few years would be shown 
more clearly. 

Mr. W. F. LANGELIER® (presented in 
written form).—Mr. Kendall has ac- 
corded this writer support by insisting 
tha* the saturation index is not a direct 
measure of the corrosivity of water. It 
was proposed, and I think clearly ex- 
plained in the writer’s paper, that this 
index is ‘a measure of directional tend- 
ency and driving force’ whether toward 
corrosion or scaling effect and was 
recommended as an analytical guide to 
be used in corrective treatment. 

This index, as its name implies, was 
not intended to answer the question as 
to whether a water is or is not corrosive. 
The answer to this question is much 
simpler and for normal water contain- 
ing dissolved air can be answered usually 
in the affirmative. In this connection it 
might be mentioned that the often rec- 
ommended test of suspending a nail or 
wire in a bottle of water to ascertain its 
corrosivity is practically useless, because 
under such conditions a normal water of 
zero or even slightly positive index is 
bound to corrode. This, of course, is 
partly due to the lack of precipitating or 
buffering capacity of the fixed volume of 
water which permits the index to change 
as corrosive action proceeds. 

Mr. Kendall’s Fig. 1 might be taken io 
indicate that so far as pitting or the life 
of hot-water piping is concerned, the 
advantages of corrective treatment, if 


* Professor of Sanitary Engineering, University of 
California, Berkeley, Calif. 
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any, would be limited in many cases to 
comparatively new pipe. Also, it is 
interesting to note that during the first 
4 yr. of service two supplies of widely 
divergent mineral character (Los Angeles 
and New York) show practically the 
same rate of pitting. These are im- 
portant disclosures, and if additional 
data with respect to the life of hot water 
storage tanks and the occurrence of red- 
water troublesare found to conform there- 
with, the usefulness of the carbonate 
saturation theory might well be ques- 
tioned. 

In the matter of direct relationship 
between specific conductivity of water 
and its corrosivity, the evidence is not 
as convincing. In Fig. 3 are plotted 
average results of four tests for the 
New York supply and one test for the 
Los Angeles supply. If instead there 
had been plotted the five tests for the 
New York supply and the three tests 
for the Los Angeles supply—all made 
within the second, third, and fourth 
years of service—it would seem that the 
two extremes in conductivity approx- 
imate the same corrosivity. It is gener- 
ally agreed that in practice distilled and 
sea waters are both highly corrosive, yet 
these represent extremes in specific con- 
ductivity. In the writer’s opinion, it 
would be more likely that the current 
strength in corrosion cells is determined 
by the physical and chemical conditions 
at the anode and cathode surfaces rather 
than by water conductivity. 

Messrs. J. C. WARNER‘ and D. S. 
McKinney! (presented in written form). 
~—We were especially interested in the 
linear relation between corrosivity and 
conductivity reported by the author. 
In the absence of analyses of these sup- 
plies, one can only speculate on the 
reasons for the observed relation. 


‘Professor of Chemistry and Assistant Professor of 
Chemistry, respectively, Carnegie Institute of Technol- 
ogy, Pittsburgh, Pa. 
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Either the waters may contain ions con- 
tributing to conductivity in approxi- 
mately constant rates (that is, all 
samples may be considered dilutions of 
the same water) or the ratio of the con- 
centration of some corroding agent to 
conductivity may be constant for the 
various supplies. We would like to ask 
Mr. Kendall whether any such relation- 
ship has been noticed. 

Mr. F. N. SPELLER.*—Mr. Kendall’s 
data are based on depth of penetration 
while Mr. LaQue’s are based on loss in 
weight. Although most of Mr. LaQue’s 
specimens were penetrated, the extension 
of the curve confirms Mr. Kendall’s 
curve. The pitting factor, which as you 
know is the maximum depth of pitting 
divided by the average rate of corrosion 
determined from loss in weight, has been 
found to be of considerable importance 
in soil corrosion. We should like to ask 
whether the author has any information 
as to what the pitting factors would be 
in these tests. They would probably 
vary considerably. It is desirable in 
corrosion tests to determine both the 
loss in weight and the depth of pitting. 
It is quite possible that pitting may be 
associated with certain types of waters 
and uniform corrosion with others. 

Mr. R. M. Patmer.*—In the case of 
the New York City supply and the 
Baltimore supply, the New York City 
supply is an untreated water, while the 
Baltimore supply is treated with lime. 
As I understand Mr. Kendall’s curves 
for the hot water supply, it is fair to 
assume that the treatment used in 
Baltimore is of no value. Is that cor- 
rect—for hot water? 

Mr. V. V. KENDALL’ (Author’s clos- 
ure).—The data offered by Mr. LaQue 
are most interesting in that it also indi- 


5 Consulting Metallurgical Engineer, Sa a Pa. 

6 President, Ferro-Nil Corp., New York, N 

7 Corrosion Engineer, National Tube Co. (Subsidiary 
of U. S. Steel Corp.), Pittsburgh, Pa. 
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cates that most of the pitting occurs in 
the initial exposure. Replotting the 
data to show total] depth of pitting versus 
period of exposure does not show the 
decrease in the rate of corrosion as 
clearly as the rate chart given in the 
text. However, the total depth of pit- 
ting versus period of exposure is shown 
in the accompanying Fig. 2. 

In regard to the question of the pitting 
factor raised by Mr. Speller, in practical 
service tests such as these, it is impos- 
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in which case both loss of weight and 
pitting can be measured for his type of 
specimens. 

Some possible misinterpretations of 
these data have been brought out in the 
discussion. The fact that there is a 
marked decrease in the rate of pitting 
to a possibly constant very low rate 
does not mean that pipe will last the 
same length of time in all waters. 
Neither does it meanthat after a period 
of three or four years corrosion ceases. 


is 
9120 Boltimore,Md. NewYork City, NY. Scramento, Cal.__| 
Brooklyn, N.Y. x Philadelphia, Pa. % San Diego, Cal. 

z Ellwood City, Pa. Pittsfield,Mass. Scranton, Pa. cher 
c 0,100 Emeryville, Cal. Providence,RI. Y St. Louis, Mo. 
© Los Angeles,Cal. © Rochester, N.Y. 
a z 
= 0.080 
0.060 
0,020 
0 | 
Period of Exposure, yr. 
-—s«#F yg. 2.—Data from 42 Service Tests in Hot Water Lines in 17 Cities. re svaiieni® 


sible to obtain a loss in weight figure 
sufficiently accurate to be of value. 
The pitting factor would undoubtedly 
vary considerably for different kinds of 
waters. It would also probably vary in 
the same water depending on the period 
of exposure due to the decrease in the 
rate of pitting. The fact that most of 
Mr. LaQue’s 0.05 in. thick specimens 
were perforated when removed em- 
phasizes the point that corrosion test 
specimens should be sufficiently thick to 
provide for a high initial rate of pitting, 


In the case of the very corrosive waters, 
corrosion will probably still continue 
but will be very considerably slowed 
down. In the case of the slightly cor- 
rosive waters, corrosion may actually 
cease. That action would depend upon 
the character of the initiai rust coating. 
If it is porous, in the form of tubercles 
such as is generally found in very cor- 
rosive waters, corrosion will continue. 
If it is dense, adherent, and, in the case 
of waters that have received corrective 
treatment, backed up with some calcium 


= 

all 
of 
n- 
to 
he 
isk 

_ 
Il’s 
ion 
in 
e’s 
ion 
Il’s 
ou 
ing 
ion § 
en : 
ice 
isk 
ion 
be 
in 
he 
ng. 
be 
ers 
of 
he 
ity 
he 
ne. 
7eS 
to 
in 

0S- 
ue 
di- 2 4 

lary 


1328 


carbonate, corrosion will cease entirely. 
While the curve given is the average of a 
considerable amount of data, there is 
still not enough data on each water for 
different periods of exposure. If such 
data were available we would probably 
have a curve for each water, similar to 
the average curve but placed at different 
distances from the base line. This 
would answer the question raised by 
Mr. Palmer. New York City water, 
untreated for corrosion prevention, gives 
a certain curve. Baltimore, with cor- 
rective treatment, would give a curve 
much lower than that for New York 
City. Only one point, at three years 
which is lower than the average curve, 
is given for Baltimore and, considering 
the experimental variations, the prob- 
abilities are that other points would 
place the curve for Baltimore much 
lower. 

The value of corrective treatment is 
not limited to new pipe as suggested by 
Mr. Langelier. Corrective treatment in 
the case of pipe on which the rust coat- 
ing has already formed would stabilize 
this coating and probably stop the 
continuation of corrosion. ‘Red water” 
or water in which iron or rust is present 
shows that disintegration of the rust 
coating with consequent further attack 
of the underlying surface is in progress. 
Corrective treatment stops this action, 
stabilizes the rust coating and, while it 
may not entirely stop corrosion, cer- 
tainly slows it down. The value of the 
carbonate saturation theory is not ques- 
tioned. In our experience, we have seen 
too many cases of natural thin coatings 
with no corrosion beneath them to 
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doubt their value. It is the region be- 
tween no natural coating and a definite 
coating, that is, at and near the car- 
bonate saturation point, that we are 
investigating. 

The conclusion that we can draw from 
these data is that the rate of corrosion 
decreases very considerably with time— 
as a matter of fact, much more rapidly 
than we would anticipate. An inter- 
esting case substantiating this was 
recently brought to our attention. 
Examination of a feedwater line to a 
newly installed industrial boiler led to a 
survey of its condition. The line had 
been in about 17 months, 5 months of 
which was actual operating time, and 
was carrying hot softened water. Cor- 
rosion was severe and it was calculated 
on the basis of the pitting measurements 
made that the line would not last more 
than 5 yr. longer. After 10 yr. it is still 
in service. No changes in operating 
conditions that would affect the cor- 
rosivity of the water have been made. 

In reply to the question by Messrs. 
Warner and McKinney, we did not find 
any ion or ratio of ions that showed any 
direct correlation either to corrosivity 
or conductivity. This question is still 
under investigation. The correlation be- 
tween corrosivity and electrical conduc- 
tivity is offered simply as a subject 
worthy of further consideration and re- 
search. We believe that more accurate 
data will showa more definite correlation 
but whether that correlation will be suffi- 
cient to aid us in forecasting the corro- 
sivity of a water depends on more 
accurate and more comprehensive data 
than we have at present. jingle 
it 
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MEASURING THE SCALE-FORMING AND CORROSIVE TENDENCIES 
OF WATER BY SHORT-TIME TESTS 


By Everett P. Partrince! anp G. B. Hatcu! 


It is recommended that the utility of a water for industrial purposes be 


SYNOPSIS 


judged, not on the basis of chemical analysis alone, but only after analysis has 
been supplemented by actual tests of the stability and corrosivity of the water. 
This is considered necessary because very low concentrations of some sub- 
stances may greatly reduce the tendency of a water to precipitate a solid phase 
or to attack metal confining surfaces. 

Short-time tests are classified as batch or continuous-flow, and the applica- 
bility of each type to the determination of stability and corrosivity is dis- 
cussed. Emphasis is placed upon proper understanding of the essential 
factors in any test; this is illustrated specifically by the necessity of continuous- 
flow tests in measuring the ability of 2 ppm. of sodium hexametaphosphate 
to prevent the deposition of calcium carbonate in a distribution system, and 
to minimize the corrosion of steel. 

It is pointed out that the rate of supply of an inhibitor, which is a function 
both of the rate of flow and of the concentration, is the factor to be considered 
rather than the concentration alone, when the inhibitor functions by adsorp- 


tion upon a solid surface. 


One who has to judge the utility of 
many different water supplies for indus- 
trial use generally develops a scheme of 
classification, which, though it may be 
arbitrary and approximate and may 
differ in detail from the schemes of other 
equally competent persons, reflects in a 
rough manner the experience of all. 
Few experts will agree exactly where to 
place the boundaries between different 
types of water; on the other hand, few 
would question that the water desig- 
nated A in Table I would deposit a scale 
of calcium carbonate in a distillery con- 
denser, or that water B would induce 
rapid corrosion of iron pipe and cause 
complaints from “red water.” 


1 Director of Research, and Research Chemist, respec- 
tively, Hall Laboratories, Inc., Pittsburgh, Pa. 


TABLE I.—TYPICAL ANALYSES OF SCALE-FORMING 
AND CORROSIVE WATER SUPPLIES. 


Water A, | w B _ 
Deep-Well 
Water ater, 
ppm. | PPpm. 
Carbonate (COs) . ee 0 0 
Bicarbonate (HCO,). 415 10 
Sulfate (SOx). . 43 
Iron (Fe). . 0.05 0.2 
Calcium (Ca). 16 
Magnesium (Mg). 58 > 
Soap Hardness (CaCOs). . 530 48 


Perhaps the most interesting fact 
on these diagnoses is that the intro- 
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duction of 2 ppm. of the molecularly 
dehydrated phosphate usually known as 
sodium hexametaphosphate into each 
of the waters confounds good judgment 
by preventing scale deposition from 
water A and minimizing corrosion and 
virtually eliminating iron staining of 
plumbing fixtures by water B. This 
threshold treatment with sodium hexa- 
metaphosphate, based upon the dis- 
covery of Rosenstein® and developed by 
the authors and their associates, has 
been described in detail elsewhere. * > 
The purpose of the present paper is not 
to review the technical achievements of 
threshold treatment, but rather to offer 
the argument that, if 2 ppm. of any 
substance can profoundly alter the be- 
havior of a water, any attempt to 
classify waters with respect to their use 
for various industrial purposes should 
be based not only upon inspection of 
routine chemical analyses but also upon 
actual tests of behavior under conditions 
closely simulating those in practice. 
Such tests may be expected to reveal 
differences in behavior due to substances 
other than hexametaphosphate present 
in small amounts—for example, organic 
matter resulting from the decay of vege- 
tation or from the disposal of industrial 
wastes. 


CLASSIFICATION OF TESTS 


Tests of the behavior of water may be 


classified in several different ways. The 
two properties of greatest interest to the 
engineer are the tendency to deposit a 
solid phase when heated or chemically 
treated, and the tendency to corrode 


2 L. Rosenstein, U. S. Patent Reissue 20,754. 

3G. B. Hatch and Owen Rice, “‘Surface-Active Proper- 
ties of Hexametaphosphate,” Industrial and Engineering 
Chemistry, Vol. 31, pp. 51-57 (1939). 

4 Owen Rice and E. P. Partridge, ‘‘Threshold Treat- 
ment,’ Industrial and Engineering Chemisiry, Vol. 31, pp. 
58-63 (1939). 

5 John O. Olson, ‘ ‘Station K Wins Battle pagent Con- 
denser Scale,’’ Power, Vol. 84, pp. 84- 85 (1940). 

6G. B. Hatch and Owen Rice, * ‘Corrosion Control with 
Threshold Treatment,’ Industrial and Engineering Chem- 
istry, Vol. 32 (1940). 
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metal confining surfaces. Attempts 
may be made to evaluate these tenden- 
cies by either batch or continuous-flow 
tests. Such tests may extend over long 
periods of time or may be accelerated in 
the attempt to learn in a few hours or a 
few days what is likely to happen during 
years of normal service. Finally, in the 
case of corrosion, atiention may be 
directed either to the rate of total loss of 
metal or to the rate at which the metal 
is perforated by a pit. 

Still other methods of classification 
are possible, but the preceding will serve 
as an adequate basis for the present dis- 
cussion. This will be limited to con- 
sideration of relatively rapid methods of 
testing the stability and corrosivity of 
industrial waters and the necessary pre- 
cautions in the choice of a method. 


Rapip TESTs OF STABILITY 


Broadly speaking, a water may be 
defined as stable in any industrial opera- 
tion if no solid phase is precipitated as a 
result of whatever thermal or chemical 
changes are produced in the operation. 
The solid phase most frequently en- 
countered is calcium carbonate, but a 
water may also be considered unstable 
if it tends to precipitate hydrated iron 
oxide or calcium sulfate or even such less 
common substances as sulfur under the 
conditions of use. 

In a plant already in operation, it is 
not difficult to determine by chemical 
analysis of water samples taken at appro- 
priate points in the system whether a 
suspected solid phase is or is not deposit- 
ing. Less simple is the problem of pre- 
dicting before hand wuat' a given water 
supply will do in a given operation. 
Parenthetically, it may be asked why, 
all too often, design engineers regard 
water as that abstract entity devoid of 
dissolved gases and solids, represented 
by the formula H2O, rather than asthe 
universal solvent which is likely to be 
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either scale-forming or corrosive, if 
not both. yet 

Batch Tests: 

Probably the best-known of the sta- 
bility tests is the “marble” test used to 
determine whether a water is saturated 
with respect to calcium carbonate.’ 
When finely-divided calcium carbonate 
is agitated in a closed container with a 
sample of water which is not saturated, 
it will dissolve until the solution attains 
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Temperature, deg. Cent. 


Fic. 1.—Inhibiting Effect of 2 ppm. of So- 
dium Hexametaphosphate on Precipitation of 
Calcium Carbonate. 


Synthetic waters prepared by mixing equivalent 


amounts of calcium chloride and sodium bicarbonate to 
— the indicated initial hardness as CaCOs were 
eated for 1 hr. at the respective temperatures. 


saturation. If, however, the water is 
initially supersaturated, as is the effluent 
of the typical cold-process lime or lime- 
soda softener, the solid particles added 
serve as nuclei to bring the water down 
tosaturation. In either case, the change 
in the alkalinity of the water, as deter- 
mined by titration to the methyl orange 
endpoint, is a measure of the degree to 


7 The origin of this test is given by J. Tillmans and O. 
Heublein, ipcitaation of the Carbon Dioxide Which 
Attacks Calcium Carbonate in Natural Waters,”’ Gesund- 
heits-Ingenieur, Vol. 35, pp. 669-677 (1912) as C. Heyer, 
“Ursache und Beseitigung des Bleiangriffes durch Leit- 
ungswasser (Cause and Prevention of the Attack of Tap 
Water on Lead),’’ Verlag Paul Baumann, Dessau (1888). 
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which the water initially deviated from a 
condition of equilibrium. 

This same simple titration of aika- 
linity may also be used to measure the 
extent to which calcium carbonate pre- 
cipitates when a sample of water is 
heated or is aerated. In so far as condi- 
tions in a plant operation may be simu- 
lated in a batch test in the laboratory, 
it is thus possible to gage the relative 
stability of alternative sources of water 
or the relative efficacy of different treat- 
ments when only one source is available. 

This general method was used by 
Hatch and Rice* in testing the effect of 
threshold treatment on synthetic waters. 
Figure 1, derived from their work, shows 
the amount of calcium carbonate pre- 
cipitated on heating for 1 hr. at various 
temperatures mixtures of calcium chlo- 
ride and sodium bicarbonate equivalent 
to the nominal concentrations of calcium 
carbonate indicated on the curves. The 
same type of data may be secured rapidly 
for a water supply, using any desired 
combination of time and temperature. 

A somewhat elaborate system of calcu- 
lating the extent of undersaturation or 
supersaturation has been described by 
Langelier,®? who has defined as the 
“calcium carbonate saturation index” 
the difference between the actual pH of 
a water and its pH computed for a con- 
dition of equilibrium with solid calcium 
carbonate. This is more generally re- 
ferred to as the ‘“Langelier index.” 
While Langelier has developed equa- 
tions for calculating the pH at satura- 
tion, a direct determination might be 
preferred. 


Continuous-Flow Test: 


The calcium carbonate stability test 
has recently been converted from a 
batch to a continuous-flow operation by 


8W. F. Langelier, ‘“‘The Analytical Control of Anti- 
Corrosion Water Treatment,” Journal, Am. Water Works 
Assn., Vol. 28, pp. 1500-1521 (1936). 
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Enslow,’ who pointed out the conven- 
ience of passing the water under investi- 
gation slowly through a column packed 
with calcium carbonate and comparing 
the alkalinity or pH of the influent and 
effluent water. Satisfactory experience 
with the Enslow continuous stability 
indicator has been reported by Leveque,"® 
who used the arrangement indicated in 
Fig. 2. 

To the extent that it has caused the 
water flowing through it to approach 
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Overflow 
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Fic. 2.—Diagram of Enslow Continuous 
Stability Indicator as Used by Leveque. 


equilibrium, every filter following a cold- 
process lime or lime-soda softener has 
been functioning as a potential stability 
indicator to measure the supersaturation 
of the water leaving the settling basin. 
The time of contact with the grains of 
sand incrusted with calcium carbonate 
is, however, usually insufficient to bring 
the water close to equilibrium. This 
same situation may be encountered in 
the laboratory with a continuous sta- 
bility indicator unless sufficiently long 
contact with an adequately large ex- 


9 L. H. Enslow, Continuous Stability Indicator,” 
Water Works and ” Sewerage, Vol. 86, pp. 107-193 (1939); 
Vol. 87, Reference and Data Section, p. 102 (194 

;, Lev veque, “The Enslc» Tontinuous Stability 
Indicator” Water Works and Sewerage, Vol. 86, pp. 450- 


451 (1939). 
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posed surface of calcium carbonate js 
insured by comparison batch tests. 
Either in the filter bed or in the labora- 
tory test, the calcium carbonate surface 
may gradually become inactive as a 
result of the progressive adsorption 
upon it of small amounts of substances 
present in the water, the resultant 
film, even though invisible to the eye, 
effectively isolating the surface from 
actual contact with the water. An 
illustration of the change in behavior 
produced by as little as 0.5 ppm. of 
sodium hexarmetaphosphate, presented 
originally by Rice and Hatch," is given 
in Fig. 3. The unstable water, super- 
saturated with calcium carbonate, con- 
sistently precipitated about 30 ppm. of 
this substance as it flowed continuously 
through a column containing sized par- 
ticles of incrusted filter sand. Intro- 
duction of sodium hexametaphosphate, 
however, caused a steady decrease in 
precipitation, until the water was com- 
pletely stabilized. With progressively 
higher concentration of sodium hexa- 
metaphosphate, the time required to 
stabilize the water progressively de- 
creased. The inverse proportionality 
between concentration and time suggests 
that a certain minimum amount of the 
metaphosphate had to be supplied to the 
surface to coat it so that no further 
deposition could take place upon it. 


Choice of a Test Method: 


Judgment in setting up a test is just 
as important as accuracy in analysis. 
Particularly in testing the stabilizing 
effect of substances which inhibit pre- 
cipitation by an adsorptive process, it is 
essential that the relation between the 
extent of the surface to be isolated and 
the supply of the inhibitor to this surface 
be appreciated. For example, if the use 


11 Owen Rice and G. B. Hatch, “Threshold Treatment 
of Municipal Water Supplies,” Journal, 1, Am. Water Works 
Assn., Vol. 31, pp. 1171-1185 (1939). 
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of sodium hexametaphosphate were be- 
ing considered to stabilize the effluent of 
a cold-process lime softener as it passed 
through a distribution system already 
well coated with calcium carbonate, the 
batch ‘‘marble” test might seem appro- 
priate. Fundamentally, however, this 
test would not be applicable; while the 
surface of calcium carbonate scale might 
be adequately represented by the pow- 
dered calcium carbonate added to 1 liter 
of the softened water in a bottle, 1 mg. 
of inhibitor supplied by this liter would 
by no means represent the cumulative 
effect of this same concentration sup- 
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01 02 0406081 2 4 6810 20 40 
Volume of Water Through Sand, liters per 100 g.of sand 
Fic. 3.—Inhibition of Precipitation of Cal- 
cium Carbonate on Incrusted Filter Sand by 


Sodium Hexametaphosphate in Continuous- 
Flow Test. 


plied continuously to the water flowing 
through the distribution system. In 
fact, the precipitation in the batch test 
might well lead to rejection of the pro- 
posed treatment, when a properly chosen 
continuous-flow test, such as that which 
produced the data in Fig. 3, would have 
demonstrated its true effectiveness. 

The effect of a continuous-flow test 
could, of course, be obtained by using the 
same portion of calcium carbonate re- 
peatedly in successive batches of water 
treated with inhibitor. When this is 
done, progressively less precipitation 
occurs until complete stabilization is 
attained. Conversely, calcium carbon- 
ate used in the presence of inhibitor 
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should not be re-employed in a test from 
which inhibitor is intended to be ex- 
cluded. 

It might be argued that the amount of 
inhibitor necessary to coat the surface of 
the calcium carbonate could be supplied 
as well by a relatively high concentration 
in a batch test as by a very low concen- 
tration in a continuous-flow test. Aside 
from the fact that sodium hexameta- 
phosphate in higher concentrations actu- 
ally has the ability to dissolve calcium 
carbonate in alkaline solution by forming 
a soluble complex with calcium ion, such 
a method of approach fails to reveal the 
all-important minimum concentration 
that would be necessary in practical use. 

Although many cases in which sta- 
bility must be meas¥red can only be 
simulated properly by continuous flow, 
the utility of batch heating tests must 
not be discounted. When solid calcium 
carbonate is not initially present, and is 
developed only as a result of heating the 
water, the batch test offers a most con- 
venient means of measuring the extent 
to which various treatments inhibit pre- 
cipitation. If a test of this sort is con- 
ducted in a container other than glass, 
care must be exercised, however, that 
inhibitor adsorbed on the container sur- 
face during one test does not carry over 
into a subsequent test ostensibly with- 
out inhibitor. 

Rapip TESTS OF CORROSIVITY 

Much corrosion testing is concerned 
with the comparative resistance of differ- 
ent materials to a particular environ- 
ment. The effect upon a given material 
of modifying the environment is, how- 
ever, the chief concern of the engineer 
charged with the maintenance of existing 
equipment or with the construction of 
new equipment in which restrictions on 
capital investment limit him to the use 
of steel. How to evaluate the relative 
corrosivity of various water supplies or 


is 
Ta- 
face 
tion 
1ces 
ant 
rom 
An 
vior > 
of 
ted 
ven 
= 
. of 
isly 30 
om- 
rely 
. 
to 
de- 
y | 
ests 
the 
the 
her 
just 
sis. 
“ing 
it is 
the 
and 
ace 
use 
ment 
lorks 
* 


1334 eam SyMPostumM ON WATER FOR INDUSTRIAL USE ay 


the protective action of different chemi- 


ment past the test surface, and has sug- the | 

cal treatments is a matter of no small gested the use of compressed air, as only 
interest to him. indicated in Fig. 4, to keep the water few S 
As in the case of tests of stability, tests saturated with oxygen and gently circu- inves 
of corrosivity will be classified in this lating. To simulate higher rates of certa 
paper as either batch or continuous flow. flow, a cylindrical specimen may be dupli 
The latter term will be restricted to tests rotated in the water at any practicable the s 
in which the water comes in contact but speed. In either case, the porous alun- A 
once with the test surface and then leaves dum crucible is desirable to’ produce than 
the test system. All other tests, whether small bubbles, and the inverted funnel to ing 
conducted by simply hanging a test strip minimize direct contact of these with senst 
in a beaker of water or by recirculating the test specimen. _ mun 
Air tlle was 
— Compressed Figu 
ns “I gran 
wilt by 1 
mig! 
wat 
Fic. 4.—Use of Air in Batch Corrosion Tests ny 

to Promote Gentle Circulation and Maintain y 
Saturation with Respect to Oxygen, as Suggested Fic. 5.—Diagram of Batch Recirculation upp 
by Speller. Apparatus Using Pipe Bank for Testing Corro- pore 
sivity of Water as Suggested by Speller. test 

water through pipe, are considered as V 
essentially batch operations, since they Temperature should, of course, be has 
comprise continued or repeated contact controlled, or temperature variations atte 
with the test piece of the water initially should be known. Where it is impos- dei 
introduced into the system. sible or inconvenient to control tem- ced 
erature closely, the effect of moderate rer 

Batch Tests: can be cancelled out by com- 
The simple and obvious device of im- paring the results of a series of tests con- uel 
mersing a strip of metal in a beaker of ducted simultaneously side by side. one 
water has been employed widely, some- Beaker tests run at different times rial 
times with little discrimination. Spel- should not, however, be compared unless ste 

ler” has emphasized the importance of the temperature history of each sample 

such factors as the volume of water, its is taken into consideration. ' 
oxygen concentration, and rate of move- The beaker type of batch test can be Prot 
2 F, N. Speller, “Corrosion: Causes and Prevention,” Carried out with simple equipment avail- ne 
MeGrow Hill Book Ge. New You able in any laboratory, but reliance upon 
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the loss in weight or depth of pitting of 
only one or two test pieces with only a 
few square inches of surface may lead the 
investigator astray. The increase in 
certainty with increase in the number of 
duplicate tests has been discussed from 
the statistical standpoint by Evans.” 

A form of batch test more elaborate 
than the beaker test, but one approach- 
ing more closely, at least in a mechanical 
sense, the conditions in an industrial or 
municipal water distribution system, 
was described 24 yr. ago by Speller.” 
Figure 5 shows the essential details dia- 
grammatically. Water is circulated by 
means of an air lift continuously through 
a bank of pipe lengths connected by 
return bends, discharging into the top of 
the open tank. The temperature of the 
water may be held at any desired level 
by means of a heater equipped with a 
thermostat. 

Various adaptations of this sort of test 
might be made. For example, if the 
physical presence of air bubbles in the 
water passing through the test pipe were 
not desired, the water could be circu- 
lated by means of a pum», and aerated 
by means of a diffusion plate in the 
upper part of the tank, analogous to the 
porous alundum crucible in the beaker 
test illustrated in Fig. 4. 

With this type of test, depth of pitting 
has been used as the criterion of corrosive 
attack, although loss in weight could be 
determined, if desired, by careful pro- 
cedure in dismantling the pipe bank and 
removing corrosion products. The 
apparatus was well adapted to its origi- 
nal purpose of comparing the relative 
corrosion resistance of different mate- 
rials, as, for example, wrought iron and 
steel, lengths of which could be placed 


3 U. R. Evans, “Metallic Corrosion, Passivity and 
ation,” pp. 665-667, Edward Arnold and Co., London 


_ 4 F.N. Speller, “Method for Testing the Durability of 
Pipe Under Corrosion,” Proceedings, Am. Soc. Testing 
Mats., Vol. XVI, Part IT, p. 343 (1916). 
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alternately in the pipe bank. To test 
two different waters, or the same water 
subjected to different methods of treat- 
ment would, however, require either 
expensive duplication of equipment or 
an unduly extended time. 

In both types of batch test just de- 
scribed, constancy of oxygen concentra- 
tion is attained by keeping the water 
saturated at the test temperature. This 
at the same time tends to maintain the 
maximum rate of corrosion possible 
under the other experimental conditions. 


TABLE II.—COMPOSITION OF RAW WATER AND 
COMPUTED COMPOSITION OF WATER _SOF- 
TENED BY ZEOLITE AND COLD INTERMITTENT 
LIME-SODA PROCESSES. 


Water C 
Cold Inter- 
mittent 
Lime-Soda 


Water B 


WaterA 
Ra Zeolite 


it 


. | epm. 


Hydroxide (OH) 
Carbonate (COs) 
Bicarbonate 


( 
Sulfate (SOx)... 
Chloride (Cl)... 
Silica (SiOz). ... 
Calcium (Ca)... 
Magnesium 

Sodium (Na), 

calculated. ... 


33 
70 


0. 
0. 
0. 
0. 
1. 


00 
88 
57 
0.30 
0.08 
3.10 


Aeration may, however, produce an 
undesirable change in composition of a 
water, thereby affecting its corrosive 
behavior. For example, if comparative 
tests were * ig run to determine the 
corrosivity ot a water high in bicarbon- 
ate, such as the raw water A in Table 
II, with that of the same water after 
softening with zeolite, B, or with lime 
and soda, C, one would expect continued 
aeration to remove some carbon dioxide 
from both A and B, thereby increasing 
their pH values, while C would absorb 
carbon dioxide with a corresponding de- 
crease in pH. Changes might also occur 
as the result of the deposition of calcium 
carbonate or the loss of corrosion in- 
hibitor by adsorption. The steady state 
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attained by each of these waters would, 
of course, depend upon the concentra- 
tion of carbon dioxide or of other acid 
gases, such as sulfur dioxide, in the air; 
the composition and quite possibly the 
characteristics of the water actually 
tested might differ considerably from 
those of the water supposedly under 
test, and actually to be used in plant 
operation. Even where a water is 
unlikely to suffer any material change 
as a result of aeration it would, there- 
fore, seem wise to check its composition 
at intervals during a test. 
Ta 

Aside from the question of time, the 
objections to the recirculation of a 
limited volume of a water over a test 
specimen or through a test pipe could, 
of course, be met by setting up a once- 
through system in which the water, 
after contact with the test surface, was 
used for ordinary purposes or run to 
waste. In a once-through system there 
could be no uncertainty as to whether 
the water during a test differed in cor- 
rosivity from the water supplied. More- 
over, if the water were derived from a 
source which was variable with respect 
to composition and corrosivity, once- 
through tests automatically would inte- 
grate the effect during the test period. 

This type of test, using drop in oxygen 
concentration as a measure of corrosion, 
has been described by Speller and Ken- 
dall.° Using test sections made from 
200 ft. of }-, 4-, and 3-in. steel pipe, they 
found that the rate of corrosion in- 
creased with both temperature and 
water velocity. 

Whitman and Russell" also employed 
the oxygen-drop method but used as the 


6 F. N. Speller and V. V. Kendall, “A New Method of 
Measuring Corrosion in Water,” J ndustrial and Engineer- 
ing Chemistry, Vol. 15, pp. 134-139 (1923). 

16 W. G. Whitman and R. P. Russell, ‘‘The Natural 
Water Corrosion of Steel in Contact with Copper,” In- 
ro and Engineering Chemistry, Vol. 16, pp. 276-279 
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Continuous-Flow Tests: 
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test surface steel plates arranged as 
baffles in a cypress box through which 
Cambridge tap water flowed continu- 
ously. 

To minimize both the initial cost of 
equipment and the water requirements, 
Hatch and Rice® substituted steel wool 
as the test medium in a once-through 
system. Their relatively simple appa- 
ratus is shown in Fig. 6. The rate of 
water supply to each unit is governed by 
an ordinary screw clamp on a rubber 
tube connected to the constant-head 
denies 
ie 
le 


Constant Head} 
Tank-—- 
Top Wate: | 


Overflow 


Constant Head 
Dispenser 


Treating Solution 


-Screw Clamp 


at! 


KHeod Tube 


Air Trap- 


(BOD) Bottles 
Stee/ Woo! 


Fic. 6.—Continuous-Flow Apparatus Using 
Steel Wool for Testing the Corrosivity of Water 
by the Oxygen-Drop Method. 


tank. As the water is delivered into the 
head tube it receives any desired chemi- 
cal treatment from a constant-head 
dispenser through a siphon containing a 
capillary section to limit the rate of flow 
of the treating solution to approximately 
0.5 to 1 per cent of the rate of flow of the 
water under test. The treated water 
passes down the head tube, through the 
air trap to remove entrained bubbles, 
then upward through 20 g. of No. 3 
steel wool, packed into 6 in. of a glass 
tube with a diameter of 1} in., and finally 
overflows from the sample bottle. An- 
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other bottle is connected to allow 
sampling just ahead of the steel wool. 
The purpose of the head tube ‘is to 
indicate the increase in resistance at 
constant rate of flow as corrosion prod- 
ucts tend to plug the interstices of the 
steel wool. The measurement of head 
and the visual appearance of the steel 
wool during a test supplement the meas- 
urement of the drop in oxygen concen- 
tration by indicating to some extent how, 
as well as how much, corrosion is occur- 
ring. The amount of iron picked up by 
the water on passing through the steel 
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Fic. 7.—Decrease in Oxygen Concentration ~ 


at Various Rates of Flow in the Absence and 
Presence of Sodium Hexametaphosphate. 


Pittsburgh tap water at room temperature was passed 
continuously through 20 g. of No. 3 steel wool. 


wool may be determined, if desired, but 
the drop in oxygen concentration is con- 
sidered to be the criterion of the rate 
of corrosion. 

By substituting for the steel wool in 
Fig. 6 a 6-in. strip of thin sheet rolled up 
into a loose bundle with reasonably con- 
stant spacing between surfaces, the type 
of attack, whether general or localized, 
and the number and depth of pits formed 
during a short-time test may be ob- 
served. While the general method is 
suitable over a wide range of oxygen 
concentrations, some modification of the 
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actual apparatus would be necessary if 
the water to be tested contained more or 
much less oxygen than that correspond- 
ing to saturation at atmospheric pres- 
sure. 

Given the problem of trying to mini- 
mize the corrosion of a specified water at 
some particular temperature, the experi- 
mental variables are the rate of flow and 
the chemical treatment, the oxygen con- 
centration being that naturally present 
in the water. Once a rate of flow has 
been chosen which will produce a con- 
venient drop in oxygen content of per- 
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Fic. 8.—Derived Curves Showing Effect of 
Sodium Hexametaphosphate on Rate of Corro- 
sion as Measured by Rate of Oxygen Consump- 
tion. 


These curves are derived from those of Fig. 7. 


haps 2 ppm. at the start of a test, the 
possibility of increasing the pH or of 
feeding various inhibitors may be investi- 
gated in tests run simultaneously to 
cancel out variations in the natural cor- 
rosivity of the water. 

A few illustrative groups of data ob- 
tained with this method of testing are 
shown in Figs. 7 to 10. The results are 
plotted against time in two different 
ways. Figures 7,9,and 10 are expressed 
in terms of the measured decrease in 
oxygen concentration of Pittsburgh tap 
water passing through 20 g. of steel wool. 
To produce Fig. 8 this decrease has been 
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multiplied by the rate of flow to give the 
rate of removal of oxygen, which is a 
measure of the rate of corrosion. 

Figure 8 illustrates the relative im- 
portance of the rate of supply of the cor- 
rosion accelerator, oxygen, and of the 
corrosion inhibitor, sodium hexameta- 
phosphate. In the left-hand group of 
curves, the rate of corrosion is progres- 
sively higher for increasing rates of flow; 
from the right-hand group of curves it is 
evident that increasing the rate of supply 
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Fic. 9.—Effect of pH upon the Corrosive Be- 
havior of Untreated Pittsburgh Tap Water. 


Water was passed continuously through {20 g. of No. 3 
steel wool. 


of the inhibitor by increasing the rate of 
flow far more than counterbalances the 
corresponding increase in the rate at 
which oxygen is brought to the metal 
surface. 

Increase in pH has commonly been 
employed in the past to reduce corrosion 
of steel by water. Even in waters where 
there could be little expectation of form- 
ing a coating of calcium carbonate by 
this treatment, some protection has been 
obtained, the develop- 


a, 


ment of a more dense and more tightly 
bonded layer of corrosion products on 
the steel. For example, the addition 
of increasing amounts of caustic soda to 
Pittsburgh tap water was found by Spel- 
ler and Texter!’ to decrease the rate of 
oxygen removal from the water at 150 F. 
during continuous-flow experiments in 
which a test section of 50 ft. of }-in. 
pipe was employed. Continuous-flow 
studies by Hatch and Rice® on Pitts- 
burgh tap water adjusted to various pH 
values yielded the series of curves in 


Decrease in Oxygen Concentration, ppm. 


30 40 50 


01020 
Time, hr. 


Fic. 10.—Effect of pH upon the Corrosive 
Behavior of Pittsburgh Tap Water Treated with 
2 ppm. of Sodium Hexametaphosphate. 


Water to which 2 ppm. of sodium hexametaphosphate 
had been added was passed continuously through 20 g. of 
No. 3 steel wool. 


Fig. 9 when no sodium hexametaphos- 
phate was added and the series in Fig. 10 
when 2 ppm. of this inhibitor were main- 
tained in the water. The relative posi- 
tion of the curves in Fig. 9 does indicate 
a general progressive decrease in rate of 
corrosion with increase in pH, but even 
at the maximum pH value of 10.4, the 
corrosion levels off at a higher rate than 


17 F. N. Speller and C. R. Texter, ‘Effect of Alkaline 
Solutions on the Corrosion of Steel Immersed in Water,” 
oa and Engineering Chemistry, Vol. 16, pp. 393-397 

1924). 
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at a pH of 5.0 in Fig. 10 in the presence 
of what might be termed by the un- 
initiated an insignificant trace of meta- 
phosphate. The effect of 2 ppm. of this 
inhibitor is so much greater than that of 
increase in pH that the curves for pH 
values of 6.4, 8.5, and 10 in Fig. 10 do not 
deviate from one another by more than 
the experimental uncertainty, except 
during the first few hours when the pro- 
tective film is being established. 


Choice of a Test Method: 


Because water, in general, is kept 
moving in an industrial or municipal 
water system, the authors believe that 
continuous-flow tests will, to a progres- 
sively increasing extent, replace batch 
tests in engineering corrosion studies. 
As noted previously in connection with 
the testing of stability, wherever the 
effect of an inhibitor such as sodium 
metaphosphate upon an existing surface 
is to be investigated, only a continuous- 
flow test will properly indicate the degree 
of protection attainable and the mini- 
mum concentration required. 

One essential factor in the testing of 
an inhibitor that exerts a cumulative 
action by adsorption to form an integral 
part of the protective film is the main- 
tenance of a reasonable relation between 
the area of the test surface and the rate 
of supply of the inhibitor to this surface 
by the flowing water. Theoretically, 
the ratio of the mass velocity of the water 
in pounds per minute to the area of 
surface exposed in square feet should be 
approximately the same in a test as in 
the plant operation under consideration; 
actually, if steel wool is used as the test 
medium a considerably lower ratio may 
be used because the contact of the water 
with the surface is much more complete 
in passing through a 20-g. plug of No. 3 
steel wool than through a length of pipe 
with the equivalent internal surface of 
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approximately 1.8 sq. ft. Hatch and 
Rice found a flow of from 0.6 to 1.2 lb. 
per min. per sq. ft. of surface suitable in 
their tests.® 


APPLICATION AND INTERPRETATION OF 
SHORT-TIME TESTS 


To the engineer who demands a 
definite figure in inches per year for the 
rate of scale formation or the rate of 
penetration if a particular water is em- 
ployed in a certain operation, the short- 
time tests described in the preceding 
sections may have little to offer. The 
importance of these tests lies not in their 
ability to yield absolute values but, 
instead, relative values and quick values. 
Considered together with cost data, rela- 
tive values for the effectiveness of 
various treatments in preventing scale 
and corrosion should certainly suffice for 
a decision concerning a problem in an 
existing operation. The question of 
whether any treatment at all will be 
required in an operation not yet off the 
drafting board may also be answered in 
many cases by com) aring, in simultane- 
ous short-time tests, the relative be- 
havior of the water supply in question 
with that of other supplies for which 
prior operating experience is available. 

In conclusion, it may be reiterated 
that short-time tests, when properly 
designed to simulate the fundamental 
factors in an operating problem, will 
yield more certain information concern- 
ing the relative stability and corrosivity 
of different waters or of the same water 
subjected to different treatments, than 
can be derived from chemical analyses of 
the waters alone. Short-time tests, to 
be of practical value, must, however, be 
supervised and interpreted by someone 
with a clear understanding of the chemi- 
cal processes and engineering principles 
involved. 
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MeEssErRS. J. C. WARNER! AND D. S. 
McKinney! (presented in written form). 
—A casual reading of this paper gave us 
the impression that water analysis is of 
little value in predicting the behavior of 
a supply in actual service, especially with 
regard to rates of corrosion and scale 
deposition. We believe, however, that 
it was the authors’ intention to point out 
that our knowledge of inhibitors and 
accelerators is so inadequate that we do 
not know what determinations to make 
in order properly to judge the quality of 
the water from its analysis. The short- 
time tests described in this paper are 
valuable, not only in evaluating the 
effects of known inhibitors as demon- 
strated by the authors, but in detecting 
natural inhibitors or accelerators in 
water supplies. This may be done by 
comparing the behavior of a synthetic 
water, made from pure materials, with 
the naturally occurring supply of similar 
composition. Appreciable differences in 
the behavior of the natural and syn- 
thetic waters would indicate the presence 
of inhibitors or accelerators. The nat- 
ural supply should then be subjected to a 
more searching analysis than is custom- 
ary. The materials thus discovered 
would be added, one by one, to the 
synthetic water and subjected to the 
short-time test. Such a program, al- 
though tedious, would eventually lead to 
sufficient knowledge of inhibitors and 
accelerators that accurate predictions 
could be made from analyses including 
these important substances. 


1 Professor of Chemistry, and Assistant Professor of 
Chemistry, respectively, Carnegie Institute of Technol- 
ogy, Pittsburgh, Pa. 


The authors’ discussion of the relative 
merits of batch and continuous tests is a 
valuable contribution to the literature of 
water testing. 

Mr. F. N. SPELLER.?—In his paper 
Mr. Partridge has frequently referred to 
the inhibiting effect of hexametaphos- 
phate of soda, to illustrate what may be 
learned from short-time tests. However, 
I should like to ask him whether this 
inhibitor will operate favorably with 
moderately high chlorides in the water. 
The impression may get out that this 
inhibitor has a more general application 
than the data from his tests seem to 
warrant. I think a word as to the 
influence of the metaphosphate in waters 
of different compositions would be in 
order in the discussion. 

Messrs. EVERETT P. PARTRIDGE’ AND 
G. B. Hatcn® (Authors’ closure by 
letter) —No objection should be raised to 
the suggestion of Messrs. Warner and 
McKinney; systematic investigation 
over a sufficiently long period of time 
could scarcely fail to reveal new informa- 
tion as to why apparently similar waters 
sometimes behave in a dissimilar manner. 
More than twenty years of scientific in- 
vestigation has, however, not yet pro- 
duced a reliable basis for predicting 
corrosion behavior from chemical anal- 
ysis alone. In the meantime, the 
engineer has to make things work—and 
right away! Until analytical procedures 
can be used to predict functional be- 
havior, direct functional tests will right- 
fully seem more convincing. 


2 Consulting oo Engineer, Pittsburgh, Pa. 


3 Director of Resear and Research Chemist, re- 
spectively, Hall Laboratories, Inc., Pittsburgh, Pa. 


“ 
con 
cor 

phe 
nal! 
in 

17, 

circ 

sul 

wa 

ch] 
ne 4 
ser 
i 


7 
Discussion ON SCALE AND CORROSIVE 1341 


Mr. Speller has asked specifically 28,500 ppm. So much is still unknown, 
concerning the effect of chloride upon however, concerning inhibition of corro- 
corrosion control by sodium hexameta- sion by means of threshold treatment 
phosphate. Some corrosion was origi- that no general statement can be made. 


nally expected when scale was eliminated 


The authors are as anxious as Mr. 


in one condensing system with from Speller that sodium hexametaphosphate 
17,000 to 20,000 ppm. of chloride in the should not be regarded as a cure-all. 
circulating water,‘ but this has not The laboratory studies from which the 
materialized. Similar encouraging re- data in this paper were taken are being 
sults have been obtained in the cooling- continued to cover a variety of condi- 
water system of an oil refinery where the tions. In the meantime, the functional 
chloride concentration of one sample was__ test with steel wool is recommended to 


4j.0. Olson, “Station K Wins Battle Against Conden- 


ik 


nowt aay. Tn oat, 


the engineer anxious to know what will 


ser Scale,” Power, Vol. 84, pp. 84-85 (1940). happen with his particular water. 
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_——,/- A METHOD OF MEASURING CORROSIVENESS 


SYNOPSIS 


This paper describes and discusses a method of measuring corrosiveness 
which was developed by the Corrosion Committee of the National District 
Heating Association for the study of the corrosion problem in steam heating 
systems. The device used consists of three helical coils of bessemer steel wire 
mounted on a frame which can be inserted in the pipes of a heating system. 

Although designed primarily for field measurements, the tester proved to 
be well adapted to a semi-laboratory study of the corrosiveness of the conden- 
sate formed from the steam supplied by the four district heating plants of the 
Detroit Edison Co., and the results of that study are given as illustrative 
of the use of the tester. The possibilities and limitations of this general 
method of testing the corrosiveness of a water are discussed. 


The district heating industry has for 
many years been active in the study of 
corrosion in heating systems. The 
member companies of the National Dis- 
trict Heating Association have con- 
ducted and sponsored some important 
research, and, while much work remains 
to be done, the problem has been greatly 
clarified and certain remedies have been 
found.” 

Several years ago, when active studies 
were begun, the need was recognized 
for some method of measuring corrosion 
in heating systems during their normal 
operation. It was desired to study the 
effect on the rate of corrosion of such 
factors as the type of heating system, 
the method of operation, and the 


1 Engineer Assistant to the General Manager, The 
Detroit Edison Co., Detroit, Mich. 
? Leo F. Collins with Everette L. Henderson, ‘‘Corro- 
sion in Steam Heating Systems,” Heating, Piping and Air 
es Vol. 11, September, 1939 to Vol. 12, May, 


E. Hall and A. R. Mumford, “Some Fundamental 
Considerations of Corrosion in Steam and Condensate 
Lines,’’ Transactions, Am. Soc. Heating and Ventilating 
Engrs , Vol. 38, pp. 121-171 (1932). 

+R! R. See er, F. A. Rohrman and G. E. Smedberg, 
Studies in Steam Heating Systems,”’ Heating, 
fh and Air Conditioning, Vol. 6, pp. 124-126 (1934); 
8, pp. 103-111 (1936). 


amounts of impurities in the steam and 
condensate. After much discussion and 
some preliminary experimentation, the 
tester shown in Fig. 1 was adopted. 
The method of use has been standard- 
ized,° and it has been employed through- 
out the country in hundreds of tests 
during the past eight years. 

The tester consists of three helical 
coils made from bessemer steel wire of 
0.05 in. diameter. The helical coils 
have an outside diameter of approxi- 
mately 7 +4 in., and each has about 1.5 
sq. in. of surface and weighs about 2.5 g 
The wire is furnished on special order 
and is made from an ingot that has been 
cropped between 35 and 40 per cent 
The specified composition is as fol 
lows 


Manganese, per cent 
Phosphorus, max. 0.10 
Sulfur, per cent.. ree . .0.07 to 0.08 


0.08 to 0.10 


5 The Measurement of Corrosion in Steam Heating Sys- 
tems, a Progress Report of the Corrosion Committee, 
Nat. District Heating Assn. (1934). Not published, but 
copies available. 

6 menses by American Steel and Wire Co. 
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The wire is purchased in large lots to 
insure uniformity. It is pickled and 
annealed, and to avoid corrosion is kept 
packed in lime. 

The method of installing the tester 
in the condensate pipe of a heating sys- 
tem is shown in Fig. 2. Such pipes 


30 min., dried, and weighed 


Number of 3" 
Std. Pipe Plug 


be Stamped 
on End 


Wire coils are made from Bessemer Steel 
Wire 0.05 *0.0005-in. in Diameter. Made 
from steel below upper third of ingot. 
Annealed, pickeled, and packed in lime. 
Before use, wire is brushed, wound into 
coils, and immersed in hot ether for 
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running full of condensate, this arrange- 
ment -is unnecessary, and the tester is 
simply inserted into a pipe fitting or, 
if the pipe is large, into a threaded hole 
in the side of the pipe. 

The period of exposure found most 
satisfactory for measurements in steam 
ere. and sack 


Paint all exposed meta/ 
ports except wire coils 
with two coats of Sarva 


Point Up 


a . a“ 
Use diameter Micarta, Drill 
Countersink %' Connectors to be of 
icarta. 


Fic. 1.—National District Heating Association Corrosion Tester. 


Duck Base 


20 U.S.S. Thread 


paint. : 
A 


rad. 


Flow 

ya 
Corrosion 


Same Pipe Size as 
Return Line and 


not Less than /f- _ 


Return 


line 


\ 


6) 
Tee” 


Thermometer 
may be nae 
Installed 


Here 


Fic. 2.—Method of Installing the N.D.H.A. Corrosion Tester in a Condensate Pipe. a 


usually run only partly full of conden- 
sate, and carry air and other gases. The 
tester is therefore installed in a loop so 
constructed that the tester is always 
submerged in the flow of condensate, 
while the gases pass through the upper 
pipe without restriction. In a pipe 


heating systems is 28 days. This is 
long enough to give results which are 
accurately measurable, but not so long 
as to cause rupture of the wire. 

At the end of the test period, the 
coils are withdrawn, the corrosion prod- 
ucts removed by an acetic acid solution 
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containing an inhibitor, and the loss 
in weight determined. The corrosion 
rate R is calculated from the loss in 
weight and, for convenience, is multi- 
plied by 1000, giving values of R X 1000 
which usually fall between 1 and 100. 
Because the surface is cylindrical, it is 
necessary to take into account the 
fact that the area exposed to corrosion 
decreases during the test period. The 
corrosion rate R is therefore calculated 
by the following formula:’ 


Wi- Ws 


R 


corrosion rate in inches pene- 
tration per year, 
initial diameter in inches, 
time of exposure in years, 
initial weight in pounds, and 
final weight in pounds. 


ter 
Interpretation of Results: 

The testers were made available to 
district heating companies and a large 
number of corrosion measurements were 
made and correlated. It was felt de- 
sirable to interpret the measured cor- 
rosion rates in terms of the practical 
seriousness of the corrosion effects in 
piping. Examination of the pipe sur- 
faces in several cases, coupled with the 
histories of the progress of the corrosion, 
led to the following rough classification: 


Values of R X 1000 below 10 are 
termed “negligible.” 


Values of R X 1000 between 10 and 
20 are termed “mild.” 


Values of R X 1000 above 20 are 
termed “active.” 


Any such classification is, of course, 
very approximate. In heating systems 


7 For derivation, see Appendix, p. 1352. Nad 497 


in most kinds of buildings, the serious- 
ness of the corrosion effects corresponds 
roughly with the interpretation which 
would ordinarily be placed upon those 
words, and the terminology has been 
quite useful from a practical standpoint. 

No attempt has been made to cor- 
relate the measured corrosion rate of the 
tester with any predictions as to the 
length of life of the piping. There are 
many obvious reasons why the corrosion 
rate of, the tester would not be expected 
to correspond with the corrosion rate of 
the pipe. Nor has the tester been used 
to compare the corrosion rates of 
different materials. It has been re- 
garded solely as a means of measuring 
the corrosiveness of the environment. 


Mechanical Advantages: 


This particular design of tester was 
adopted because of certain mechanical 
advantages, but there is nothing im- 
portant about its exact form. It was 
desired primarily to have a device that 
could be readily inserted in the pipes of 
a heating system, and for that reason 
the specimens are mounted on a standard 
#-in. pipe plug and can be inserted in a 
1-in. pipe. The helical shape of the 
specimens was chosen to reduce the 
length of the tester. The diameter and 
length of the wire were so selected as to 
make the loss-of-weight measurements 
significantly large in relation to the 
gross weight; and the diameter of the 
wire was also made sufficient to prevent 
complete destruction during the normal 
period of exposure. The basic design 
was inspired to some extent by a device 
proposed by Chapman.® 


Agreement of Results from the Three 
Coils: 


The three separate coils were used 
in order to eliminate possible errors of 


a Staff Article, Power, Vol. 74, August 11, 1931, p. 
190. 
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measurement and for confirmation of 
results. The agreement obtained be- 
tween them is shown in Table I. There 
are appreciable differences in the cor- 
rosion rates of the three coils in several 
cases, but those differences are small 
compared to the differences produced 
by the different environments. It 
would be nearly as satisfactory to use a 
single coil, but the confirmation obtained 
from the three measurements is of value. 


An EXAMPLE OF THE USE OF THE TESTER 
IN COMPARING CORROSIVENESS 


The original purpose of the N.D.H.A. 
tester was to provide a large amount of 


may be corrosive if it contains, in solu- 
tion, oxygen or carbon dioxide. The 
oxygen may be entrained in the steam 
or, if subatmospheric pressures are 
used, may enter the piping through 
leaks. Carbon dioxide is commonly 
present in steam generated from bicar- 
bonate waters or water treated with car- 
bonates. 

The four district heating plants oper- 
ated by the Detroit Edison Co. have 
different methods of feedwater treatment 
and use different proportions of make-up 
water. It appeared that if tests were 
made of the corrosiveness of the con- 
densate formed from steam generated 


TABLE I.—AGREEMENT AMONG THE THREE COILS OF THE TESTER WHEN PROPERLY 
INSTALLED. 


Tester 


Corrosion Rate, Penetration in in. per 


Coil A Coil C | Average 


Building steam riser 

Drips from a low pressure distribution main 
Dry return line in a vacuum system 

Drips from a high pressure steam line 

Wet return line in a pressure system 
Return line from a unit heater 

Dry return line in a pressure system 

Wet return line in a pressure system 
Measurement made to check tester No. 8 


1 
2 
4 
. 5 
6 
7 
. 8 
9 


Dry return line in a vacuum heating system 
Returns from a one-pipe pressure system 


. 13, | Returns from a two-pipe atmospheric return system 
.14° Returns from a two-pipe atmospheric return system 


Returns from a valet machine using high pressure steam 


00 


WOM 


orw 


cae 
AOR 


i] 


‘ 


00 


° This coil was found to have been protected from the corrosive conditions and is not included in the average. 
_ ° This tester was located in one leg of a U-seal so that coils A and B were continually immersed, while coil C was 
immersed only when condensate was flowing. The results from coil C only are believed to be representative. 


data from which it was hoped to draw 
important conclusions as to the effect 
on corrosion of the design of the heating 
system and the method of operation. 
That work resulted in some valuable 
information, but the fact that there 
were certain unmeasured variables 
whose significance was not then appre- 
ciated has since thrown some question 
upon those conclusions. More recently, 
the tester has been used by the Detroit 
Edison Co. in some studies of a semi- 
laboratory nature which are presented 
here as a basis for a critical discussion 
of the tester. 

The condensate in heating systems 


in each plant, the results should indicate 
the corrosiveness of the respective con- 
densates and might throw some light 
on the question of the relative influence 
of carbon dioxide and oxygen. 

The carbon dioxide and oxygen con- 
tents of the steam fluctuate, but repre- 
sentative average figures were as fol- 
lows: 


ml. per liter ppm. 
Beacon Street plant....... 0.0 16 
Congress Street plant?.... 0.0 
Congress Street plant®.... 0.0 
Willis Avenue plant....... 0.43 
Boulevard plant -64 


’ © Before change in feedwater treatment. 
> After ang feedwater treatment to give more com- 
plete removal of CO:. 
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It will be noted that the Beacon 
Street plant produced steam which was 
practically free of oxygen but contained 
appreciable amounts of carbon dioxide. 
The steam produced by the Congress 
Street plant formerly contained consider- 
able carbon dioxide, but «fter changes 
were made in the feedwater treatment for 
that express purpose, the carbor dioxide 
was greatly reduced. The Willis 
Avenue plant steam was high in both 
oxygen and carbon dioxide, and the 
steam from the Boulevard plant was 
high in oxygen but low in carbon dioxide. 
The quantities of these gases were the 


Pressure 
feducing Valve 


Sample Line 
Attached to” 
Non-Ferrous 
Woter Cooling 
Coil 


natural result of the respective methods 
of feedwater treatment. 


Test Apparatus: 

It was necessary to make a separate 
test setup in each plant, and they were 
exactly alike in every important detail. 
The apparatus is shown diagrammati- 
cally in Fig. 3. The condenser was 
supplied with city water and with steam 
from the plant header. The condensate 
flowed through the pipe loop containing 
the corrosion tester and thence through 
a trap and meter. The pipe used for 
the loop was 1 in. nominal pipe size. 


a 


SYMPOSIUM ON WATER FOR INDUSTRIAL USE 


Hot Water to Waste 


Thermometer 


All of the piping between the reducing 
valve and the meter, including the 
condenser, was of copper or brass, in 
order to avoid possible reduction of 
corrosiveness of the condensate by 
contact with iron. Tests of two to four 
weeks duration were run, during which 
periods several analyses of the conden- 
sate were made and the temperature and 
amount of condensate were measured. 
The rate of flow of condensate was 
adjusted to that desired for each test by 
regulating the flow of water to the 
condenser. 

It soon became apparent that the cor- 


All metallic up to 
trap are non-ferrous 


No./60 Erskine 
Heater 


Condensate 


Vent with Meter. 


Orifice 


Sample Line Attached 
to Non-Ferrous Water 
Cooling Coil 


rosion rate increased greatly with in- 
creasing rate of flow of condensate over 
the tester. This fact had not been pre- 
viously appreciated, and it is now evident 
that failure to take that variable into 
account in the earlier work with the 
tester in the heating systems of buildings 
renders those results of doubtful ac- 
curacy. Rate of flow is an important 
factor in the rate of corrosion of the 
N.D.H.A. tester. 


Test Results: 


The results of the entire series of tests 
are shown in Table II, but the correla- 
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TABLE II.—RESULTS OF CORROSION TESTS. 
Contes Through 
0: in conden- . ipe Pp Temperature | Corrosion Rate, 
sate, ml. per COs in conden- of Condensate, | R, in. per yr., COz X V 
liter® sate, ppm. | . Deg. Fahr. X 1000 vee 
per he Velocity, V, 
ft. per min. 
BEACON STREET PLANT 
0.0 3 47 2.19 sae 3.2 6.38 
0.0 3 231 10.8 224 18.4 32.4 _ 
0.0 3 142 6.66 224 11.5 ae 
0.0 4 620 29.0 224 26.4 116 is ; 
0.0 8 611 28.6 224 38.2 229 - 
0.0 427 19.9 224 22.6 79.6 & 
0.0 5 90 4.20 220 8.3 21.0 - 
0.0 5 60 2.80 220 3.6 14.0 a 
0.0 20 100 4.67 ay: 36.5 93.4 
0.0 14 69 3.22 Shia 17.9 45.0 
0.0 8 655 30.6 ae 37.9 245 
0.0 12 934 43.7 223 61.0 522 
0.0 16 545 25.5 223 48.6 408 
0.0 16 515 24.1 223 39.2 385 
ConcrEss STREET PLANT, BEFORE CO2 ConTENT oF STEAM WAS REDUCED 
0.0 7 78 3.64 218 8.5 25.5 
0.0 53 2.47 224 9.8 9.88 
0.0 4 624 29.1 222 40.9 116 
0.0 6 554 25.9 224 34.0 155 
ConcrEss STREET PLANT, AFTER CO2 ConTENT OF STEAM WAS REDUCED 
0.0 2 400 18.7 225 11.1 37.4 
0.0 2 157 7.34 225 8.3 14.7 
0.0 2 550 25.7 225 17.4 51.4 
0.0 2 508 23.7 230 11.6 47.4 
0.0 2 487 22.7 230 12.7 45.4 
0.0 1 226 10.6 223 7.8 10.6 
0.0 1 210 9.81 224 7.4 9.81 : 
0.0 1 710 33.2 224 9.2 33.2 
0.0 0.5 472 22.0 224 8.5 11.0 
Wiis AVENUE PLANT 
0.16 6 86 4.02 226 9.9 24.1 
0.20 12 215 10.0 225 14.6 120 
0.15 25 123 5.76 204 34.0 144 
Trace 22 210 9.80 210 49.2 216 
0.30 20 186 8.70 190 42.1 e- 
0.12 20 97 4.52 208 27.1 90.4 : 
Trace 15 139 6.50 208 48.5 97.5 
Trace 5 200 9.34 224 15.7 46.7 = 
Trace 16 236 11.0 208 34.1 176 
Trace 4 127 5.94 218 9.4 23.8 
Trace 4 141 | 6.60 220 11.3 26.4 
Trace 16 230 10.7 210 22.0 171 
BOULEVARD PLANT 
0.31 1 79 3.69 225 6.0 
270 12.6 7.3 
0.30 156 7.28 224 6.5 
0.26 58 2.71 224 3.3 
0.03 217 10.1 221 4.4 
0.20 3.50 209 8.2 
. 5.08 219 4.1 
5.08 219 3.3 
7.01 219 8.8 
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Fic. 4.—Relation of Corrosion Rate to Oxygen Concentration. 
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Fic. 5.—Relation of Corrosion Rate to Carbon Dioxide Concentration. ms 
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Fic. 6.—Relation of Corrosion Rate to the Product of Carbon Dioxide Concentration 
Multiplied by Velocity. 
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tion of the corrosion rate with the seve- 
ral variables is best shown by graphical 
means. 

There are three variables which may 
affect the corrosion rate: namely, the 
amounts of oxygen and carbon dioxide 
dissolved in the condensate and the rate 
of flow. The amounts of oxygen and 
carbon dioxide dissolved in the conden- 
sate were somewhat less than the 
amounts entrained in the steam. 

A study of the values in Table II 
shows that there is little agreement 
between the oxygen content of the con- 
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increas’.1¢; corrosion rate with increasing 
carbon ‘lioxide content. 

In the attempt to take into account 
the rate of flow, Fig. 6 was constructed, 
in which the corrosion rate is plotted 
against the product of the carbon dioxide 
content and the velocity of the con- 
densa.e in the 1-in. pipe (last column, 
Table II). The points in Fig. 6 show 
a definite trend, sufficient to warrant 
drawing acurve. When the same points 
are plotted to logarithmic coordinates 
(Fig. 7), they fall with fair consistency 
about a straight line. 
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Fic. 7.—Relation of Corrosion Rate to the Product of Carbon Dioxide Concentration 
Multiplied by Velocity (Logarithmic Coordinates). a 


densate and the rate of corrosion. This 
becomes even more evident when we 
examine Fig. 4, in which the corrosion 
rate is plotted against the oxygen con- 
tent. It therefore appears that, al- 
though oxygen is undoubtedly a factor 
in heating system corrosion, its effect, 
at least under the conditions of these 
tests, is minor as compared with the 
effect of the amounts of carbon dioxide 
present. 

Figure 5 shows the corrosion rate 
plotted against the carb: 1 dioxide con- 
tent. The points are rather widely 
scattered, but show an 
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Interpretation of Results: 


The variation in results shown in Fig. 
7 may seem somewhat large for a series 
of tests conducted in a semi-laboratory 
manner. Generally speaking, such va- 
riations might be due either to the failure 
to recognize and measure some addi- 
tional variable or to inaccuracies in the 
measurement of known variables. In 
this case, one very probable reason for 
the spread of the results is the fluctuation 
of the quantity of carbon dioxide dis- 
solved in the condensate. The conden- 
sate analyses shown in Table II are the 
of the results five spot 


&g 


1350 


samples taken during each test period. 
With fluctuating conditions, the ac- 
curacy of spot sampling is not good 
unless a large number of samples are 
taken. The less-than-perfect accuracy 
of the evolution method of analysis for 
carbon dioxide, particularly at low 
concentrations, is also a factor. 

The exact physical effect of the rate 
of flow is not clear. The empirical use 
of the quantity CO. X V in Figs. 6 and 7 
served to bring the plotted points into 
line and indicates that there was some 
functional relationship between rate of 
flow and the corrosion of the tester. 
However, the tests were made in only 
one size of pipe, and there is no certainty 
that tests with other pipe sizes would 
show a similar relationship. Neither 
is there any evidence that the corrosion 
rate of a pipe would have a relation- 
ship to the quantity CO2 X V similar 
to the relationship found for the tester. 
The effect of the velocity of flow in these 
tests was unmistakable, but there is not 
enough information to draw general 
conclusions about it. It appears, how- 
ever, that it is a factor that must not be 
neglected in corrosion tests. 

All of the tests were purposely made 
with a nearly constant steam pressure 
in the supply line to the condenser, and 
the condensate temperatures, therefore, 
did not vary greatly. Practical ex- 
perience with corrosion in heating sys- 
tems seems to indicate that corrosion 
increases with temperature, as might 
be expected. Temperature is a factor in 
corrosion measurement that must not 
be lost sight of. 

The results of these tests, together 
with. other evidence, have led to the 
conclusion by the Detroit Edison Co. 
that the carbon dioxide in the steam 
supplied from its heating plants is a 
much more important factor than the 
oxygen, and changes are being made in 
feedwater treatment to reduce the 
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carbon dioxide content of the steam 
to less than 5 ppm. 


Advantages and Limitations of the 
N.D.H.A. Tester: 


The test results presented and the 
experience gained in the tests afford a 
basis for a critical consideration of the 
N.D.H.A. tester and of testers of that 
general type. 

For the purpose for which it was 
intended, the N.D.H.A. tester has served 
very well indeed... From a mechanical 
standpoint, it is an extremely valuable 
device because it can be inserted in the 
piping system without much cost or 
inconvenience. As an approximate 
method of comparing corrosiveness in 
different heating systems, it is probably 
fairly reliable, but more study is needed 
of the significance of the rate-of-flow 
effect before exact comparisons are 
justified. 

If the rate-of-flow effect is not limited 
to this particular design of tester but is 
a general factor in corrosion, then any 
corrosion test must take it into account. 
Furthermore, the possible differences in 
the effect of rate of flow on the corrosion 
of the tester and on the corrosion of the 
pipe surfaces must be considered. 

Another important question regarding 
this general type of corrosion test is 
whether the loss in weight of a corrosion 
specimen is a proper index of the cor- 
rosiveness of an environment. What 
one is ordinarily interested in when con- 
sidering the corrosiveness of waters 
is the effect of such waters upon pipes 
and other containers. The life of a 
pipe is usually considered to be ended 
either when the wall becomes thinned 
below permissible limits or when it has 
been perforated by pitting. The loss 
in weight of a corrosion specimen mighi 
possibly be translated into the probable 
effect on the life of a pipe, if the cor- 
rosion is reasonably uniform, but it 
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cannot be done if the corrosion effect 
js one of pronounced pitting. There 
js much justification for the argument 
that to determine the corrosion effect 
on a pipe, a piece of the pipe itself should 
be used as the corrosion specimen and 
that the number and depth of pits 
should be taken into account rather than 
merely the loss in weight. The mechani- 
cal difficulties in using specimens of pipe, 
especially in large sizes, are of course 
the objections to that method. 

With proper attention to such matters 
as frequency of sampling and analysis, 
control and measurement of rate of flow, 
and careful standardization of method, 
a device such as the N.D.H.A. tester 
could probably be used to measure the 
corrosiveness of natural waters, provid- 
ing loss of weight were acceptable as the 
criterion. 

SUMMARY 

The N.D.H.A. corrosion tester has 
proven to be a satisfactory device for the 
purpose for which it was designed. It 
has the advantages of simplicity and 
ease of insertion in the pipes of a heating 
system. 

When used in a semi-laboratory test 


of the corrosiveness of condensate by the 
Detroit Edison Co., the tester gave 
reasonably consistent results when the 
pronounced effect of rate of flow of the 
condensate over the tester was taken 
into account. 

Rate of flow must be considered as 
one of the variables when using the 
N.D.H.A. tester, and this may be true 
with any similar device. 

A corrosion test which uses loss of 
weight of a specimen as the index of 
corrosiveness may not give a true pic- 
ture of the practical efiect of corrosion, 
because the corrosion may take the 
form of pronounced pitting. 

Other factors such as the frequency of 
sampling of the water and the accuracy 
of the analyses should be taken into 
account when a corrosion test is used to 
compare the corrosiveness of different 
waters. 
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Derivation of the formula for calculating 
corrosion rate: 


nt 
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W 


1 
and the final area = 


2T\Wi + —— 
PD, = initial diameter in inches ‘The corrosion rate is assumed to be con- 
1 ? 
_ Dg = final diameter in inches, __-- Stant and the average area of exposure is 
_ L = length in inches, therefore the average of the initial and 
W, = initial weight in pounds, final areas, or 
_ We = final weight in pounds, be awe 4 x” 
_ @ = density in pounds per cubic inch, —X—+ ba Wil: 
T =time of exposure in years, and Average area 
R_ = corrosion rate in inches penetration 
per year. 
The initial area = L + VW W.W,) 
( 4 D: d R X T X area X Wi W2 
Final area = Dd fost igh dT 
nt, 
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Mr. THomas J. FINNEGAN! (presented 
in written form).—Mr. Walker states 
in his paper that the N.D.H.A. corrosion 
tester has been regarded as a means of 
measuring the corrosiveness of the 
environment rather than as an indica- 
tion of the life of equipment. This is an 
important point which cannot be em- 
phasized too strongly. If we allow two 
different solutions to flow over corrosion 
testers installed in similar pipes, it is 
reasonable to believe that the solution 
which produced the greater corrosion 
of the tester is the more corrosive solu- 
tion. The actual life of piping depends 
upon whether the corrosion is uniform 
or in the form of pits, that is, upon the 
original condition of the pipe and its 
subsequent behavior when exposed to 
the solution. In general, the pipe life 
will be less when exposed to the more 
corrosive solution, but its actual length 
cannot be determined by a tester of 
this type. 

Attempts to express the results of 
the weight loss of specimens in terms 
of life of pipe may be greatly influenced 
by the use of the unit “inches per year 
penetration” to express corrosion rate. 
Actually this unit is more or less of a 
fiction and merely takes the small 
amount of weight loss during the period 
of test and relates it to the original 
weight by means of the assumption 
that all the corrosion is uniform. If 
the testers were always made of wire 
0.05 in. in diameter and the tests were 
all of 28 days duration, or 0.0767 yr., 
and if in addition the difference be- 
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he 


tween W, and Wz is small enough so 


that VW.W, is essentially equal to 
W,, the formula for R_ reduces ideal 


The constant serves only to place the 


quantity on an inches per year basis, 
and, if so desired, it could be dropped 
and the corrosion rate expressed as the 
ratio of the weight loss to the original 
weight. This would reduce the likeli- 
hood of making erroneous applications 
of the results of a test to the life of 
piping, as well as making the final cal- 
culation very easy. 

The effect of the rate of flow might be 
explained by the nature of the corroding 
liquid used in these tests. Steam con- 
densate when first formed is quite 
unbuffered, and, depending upon its pH 
value, is more or less corrosive to the 
metal near the point of condensation. 
At the same time, it becomes less 
corrosive as the liquid remains in contact 
with the metal as, for instance, in flow- 
ing through a condensate return pipe. 
This has been shown experimentally by 


Mr. L. F. Collins of Mr. Walker’s staff.” 


If a strong mineral acid were used 
in the tests, the rate of flow might be 
unimportant, but when a delicately 
balanced material like steam condensate 
is used it might be that the time of 
contact of the liquid and the metal is 
quite important in determining whether 
one obtains poor spacing of the points, 
as in Fig. 5, or fair spacing, as in Fig. 6. 
It is true that the apparatus of Fig. 3 
is mainly of non-ferrous metal, but this 
would influence the magnitude of the 
velocity effect rather than eliminate it. 
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If the apparatus were all of iron or steel 
the effect of velocity might be much 
more pronounced. 

The experiments using the apparatus 
of Fig. 3 show that the tester functions 
to the satisfaction of the experimenter 
in the determination of the corrosiveness 
of condensed steam. It would seem, 
however, that a great advantage of the 
tester is that it can be installed in an 
actual operating system and is, there- 
fore, a useful tool for field tests. The 
classification of values of R X 1000 as 
negligible, mild, and active, were ob- 
tained in such a field study, and are, 
therefore, more convincing than if they 
were found in laboratory tests. This 
tester need not be restricted to work on 
steam condensate; with more study it 
might be extended to many practical 
corrosion problems in industry. The 
tester can be considered as capable of 
producing a short-time corrosion test 
without the risks attendant to so-called 
accelerated tests. 

Mr. J. C. WARNER? (presented in 
written form).—The data presented in 
this paper show that results of some 
significance can be obtained by the use 
of the “corrosion tester” and the author 
has judiciously considered the limita- 
tions as well as the possibilities of this 
method of testing the corrosiveness of 
-a water. 

The results of this investigation, like 
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many which are undertaken to obtain 
an approximate practical result in a 
short time, could be used as the basis 
for planning an investigation which 
should yield less ambiguous results of 
more general applicability. For ex- 
ample, it would be interesting to expose 
testers with O2 and COs concentrations, 
rate of flow, temperature, pipe diameter, 
etc., held constant for the duration of 
the test and to subject a number of 
testers to apparently identical condi- 
tions to determine how many apparently 
identical tests would be required to 
obtain the same average corrosion rate, 
within 5 per cent or 10 percent, time 
after time. Such an investigation would 
involve the application of the statistical 
methods which have been so successfully 
applied to many corrosion studies.’ 

Once results of known reproducibility 
have been obtained over a considerable 
range in the values of the important 
variables, it might be possible, by the 
use of dimensional analysis, to find 
ways of translating the results obtained 
in laboratory or semilaboratory tests 
to practical large scale equipment. 

It is much easier, however, to talk 
about these comprehensive careful in- 
vestigations than it is to find time to do 
them, and one cannot blame the busy 
technical man for dropping a problem 
when he has obtained an approximate 
answer. 


7U. R. Evans, ‘Metallic Corrosion, Passivity and 
—, pp. 665-667, Edward Arnold and Co., London 
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SYMPOSIUM ON SPECTROGRAPHIC ANALYSIS | 


VARIABLES VERSUS CONSTANTS IN EMISSION SPECTROGRAPHY © 


By Tuomas A. Wricut! 


‘ Quantitative spectrography is an art 
built on the foundations of a science. 
Usually the art has preceded the science. 
Therein, perhaps, lies the reason for 
certain errors to be met with on oc- 
casion—errors which may not always be 
recognized in that they arise from a false 
sense of security or too great an op- 
timism. The seemingly simple is after 
all not so simple. 

The present symposium is definitely 
related to a further symposium being 
held at the 1940 annual meeting, 
namely, on Tools of Analytical Chem- 
istry, for the spectrograph is very defi- 
nitely a tool, and a newer one of the 
analytical chemist. 

The two sessions of the Symposium 
on Spectrographic Analysis, however, 
have been designed for a_ particular 
audience—one composed not only of our 
guest chemists from the American Chem- 
ical Society, but also of guest speakers 
in the persons of the chairmen, vice- 
chairmen, or representatives of certain 
of the Society’s standing committees. 
These men are essentially metallurgical 
engineers. They represent those phases 
of A.S.T.M. work which at the moment 
are most closely concerned with present 
applications of spectrography. Being 
engineers by training, they have an 
attitude and approach with which the 
chemist-spectrographer or physicist- 
spectrographer should become familiar. 
But it is also true that they should have 
a better acquaintance with the spec- 


1Technical Director and Secretary, Lucius Pitkin, 
Inc., New York, N. Y. 
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trographer and the spectrographer with 
the engineer. That is, the engineer 
should know better what can be ex- 
pected from the spectrographer. 

It is quite evident that by and large 
a primary goal for Committee E-2 on 
Spectrographic Analysis is the develop- 
ment of Go-No-Go methods for the 
checking of engineering compositional 
specifications and that it is a main excuse 
for its existence. Naturally the strictly 
quantitative or actual factual type result 
is often required too, but it is subordi- 
nate to the Go-No-Go just as the simple 
qualitative (or the more complex study 
of compositional differences) is in turn 
subordinate to the straight quantitative 
with which the analytical chemist sup- 
plies the engineer. 

It is true too that during the develop- 
ment, improvement, or revision of a 
specification, one or the other type of 
report may acquire a temporary and 
greater importance, but by and large 
the Go-No-Go could be our main 
objective. Must we then concentrate 
on the development of Go-No-Go’s to 
the exclusion of the others? The answer 
is obviously “no” for several reasons, 
among which may be mentioned the 
following: 

1. The Go-No-Go method is pecul- 
iarly applicable to mass production en- 
gineering and to mass_ production 
spectrography. 

2. As such it concentrates on one— 
or in any event on only a relatively few 
specific elements whereby one may 
readily ascertain—within limits of a 
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commercial reproducibility or approach 
to accuracy—whether or not the com- 
position of an alloy or other raw material, 
intermediate, accessory or final product 
is in accordance with plant requirements 
or A.S.T.M. (or other) specifications. 

3. But we have just suggested that a 
Go-No-Go method may go far beyond 
checking the final engineering product 
specification. Indeed the materials that 
together compose the final metal or 
alloy or other product may themselves, 
and often do, come under a specification. 
This then is a subject of peculiar inter- 
est to Subcommittee III on Quantitative 
Methods and Applications and this 
subcommittee has _ specifically been 
brought into this symposium through 
its chairman. 

4. We have still not explored the 
field. We still must consider the strictly 
quantitative determination of one or 
more elements. There are innumerable 
applications of this of course but for 
illustration we may for the moment con- 
fine ourselves to one. Reference is 
made to those cases involving remelt 
metal wherein contamination or con- 
centration of an impurity or loss of an 
important but minor ratio element(s) 
may have occurred. For example, in 
remelting die-cast scrap, lead may have 
built up over the 0.007 per cent maxi- 
mum, or magnesium may have been 
burnt out below an 0.02 or 0.03 per. cent 
minimum. Obviously one must as- 
certain the actual quantity so that 
proper adjustment with new metal may 
be made. The approach to accuracy is 
most important at the borderline mini- 
mum and maximum. These are prac- 
tical questions but the answer may and 
often should involve very scientific 
means—in other words, Fundamental 
Methods and Technique. This then is 
obviously the function of Subcommittee 
II whose chairman is also a selected 
speaker. 


As for the subjects for discussion, 
we are almost immediately faced with 
the complexity of emission spectrog- 
raphy technique. Not that we are 
unaware that absorption plays its part 
in the design of the instrument or in 
plate or film registration, but absorption 
spectrography as. an art is not our con- 
cern at the moment. Rather is it the 
limitations of emission spectrography. 
We read and hear much of its possi- 
bilities, but little of its limitations, 
aside from what we hear in the lobby or 
corridors. We should hear more, for 
only by open self-criticism and open 
admission are we going to progress as we 
should. The time is past when spectrog- 
raphy needs lyrical salesmen. There isa 
large field for improvement and ex- 
tension, but the latter should come from 
the former. Let us then choose as our 
main subject these limitations. 

As for what they are, we must define 
spectrography as we know it. To define 
it we must certainly know the various 
steps comprised in the making of a 
spectrographic analysis. Apparently we 
must digress (perhaps it is not a di- 
gression) and consider the term “‘spectro- 
graphic analysis.” Now obviously 
neither a chemical analysis (whether the 
conventional macro or the newer micro) 
nor a_ spectrographic quantitative 
analysis is necessarily accurate. After 
35 yr. experience one may say, in fact 
one must say, they usually are not truly 
accurate. One can go further and say 
they usually need not be. This is prob- 
ably heretical. 

What is necessary, however, is that 
the approach to accuracy be known, 
or, as some would put it, the degree of 
accuracy, or the degree of precision. 
Let us also for the sake of clarity use, 
instead of precision, the word “‘repro- 
ducibility,” for we spectrographers are 
mightily concerned with this matter of 
reproducibility, particularly as it is 
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related to three items, which are excita- 
tion (especially in the solution method), 
photographic plate registration, and 


plate development in all methods. 

For convenience then, let us recog- 2) 
nize this approach to accuracy by three Dried salts 
terms which show in order this approach. ¥ ¥ 2. For sparking of 


These terms are in everyday use in our © 


‘ 
own laboratory for our own and our Se 


clients’ edification. They are, respec- — 
tively, Determinations, Estimates, and 
Guesses. Now it is quite obvious that 
experience in spectrography is just as 
favorable a factor as it is in any other | 
science, art, or trade. Such being the © 
case, it is just as obvious that the guess . 
of a skilled worker in a given field may 
be as nearly accurate where minor 
amounts of element X are concerned as 
the estimate of another worker not so 
familiar with the element or the matrix. 
Obviously, too, the determination of one 
not familiar with the method or tech- 
nique may be no nearer the truth than 
the estimate of another. We ought to 
recognize these distinctions although not 
necessarily the particular phraseology 
given here. They are legitimate dis- 
tinctions. There is a need for each of 
these types. They merely bridge in 
one way the abrupt line between quan- 
titative and qualitative which exists 
only in the dictionary. Put one way, 
a high-grade qualitative analysis is a 
low-grade quantitative analysis. The 
point is to recognize and make the dis- 
tinction. The less we mislead ourselves, 
the less we mislead instead of help and 
guide those who use our results. 

With that background as to the degree 
of accuracy desired or to be attained, 
we can now take up the various steps in 
this quantitative, quasi-, or quali-quan- 


titative, or plain qualitative analysis. _ 
These are in the main as follows, ‘spark : 


ing that only one type of arc or spark 
excitation 


is available alone or to- 


WriGHT ON VARIABLES versus CONSTANTS 


1. Sample 
A. Choice of 
B. Preparation of 


Bt 
1. For direct arcing of ee ate 


a. Solid material 

b. Solution technique (See sec. 2) 

c. Dried salts technique ay 

C. Decomposition of 

D. Concentration of 

E. Isolation of selected elements for 
purposes of 


ve 
tome Concentration 
ae 2. Freeing from interfering matrix 
or allied elements or compounds. 
F. Selection of preferred weight 
G. If a non-conductor, amount and 


method of incorporating graphite or 
other conductor (reducer) 
2. Solution Method 
Where solution method is in view con- 
siderations such as: 
A. Size of both upper and lower elec- 
trodes 
B. Preburning lower 
C. Pretreating to insure an impervious 
crater or 
D. Impregnating as method of charging 
sample 
E. Impregnating as source of internal 
standard 
F. Use of an absorbent pellet to receive 
sample solution. 
G. Slow versus rapid drying—appa- 
ratus and technique therefor 
3. Spectral Range or Position(s) 


or selection is dependent upon elements 
studied 
4. Excitation 
A. Choice of method of excitation 
1. Arc Types, and for example: 
a. Whether lower is to be the 
positive or negative 
2. Spark Types, and for example: 
_ a. Application of cathode ray 
oscillograph 


a large Littrow prism or grating, choice 
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. Excitation period 


1. Arc 
a. Stated period (partial) 
b. Complete burn. 
2. Spark 
b. Moving sample 
1. Arc 
2. Spark 
. Method of starting arc 
1. Initial potential Ried: 
2. Major potential PAL” 


5. Choice of Electrodes—Arc Method 
A. Self electrodes 
B. Graphitized carbon 
en 1. Regular purity 
: 2. High purity 
3. Special forms 
4. Size of crater (width, depth and 
capacity) 
5. Thickness of crater wall 
6. Form of crater 
. Carbon 
(See also sections 5 B and 2) 
. Copper 
. Silver 
. Method of preparation of A, B, C, 
D, or E. 
. Method of charging selected mate- 
rial. 
Photography 
_ A. Slit width 
B. Choice of plates for - 
1. Regular or medium U.V. range 
(for example, 2500-3600 A) 
2. Lower U.V. end th & 
3. Red end 
C. Film—as indicated 
D. Registration period 
1. a. Without sector (same as exci- 
tation period) = | 
b. With sector 
2. Qualitative only whi 
3. Quantitative methods . 
a, Comparative standard 
_ b. Internal standard 
ad, _ Line (and band) spectra 
d. Log sector 


‘ee 


= 
Sh 


. Step sector + 
te E. Methods of development 
1. Effect of plate or film storage 
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4 2. Developing temperature, time 
concentration 
Regular developing solutions 
. Special developing solutions 
5. Tank versus tray developing 
. Automatic versus hand develop- 
ment 
7. Mass production methods 
. Special plate methods 
9. Washing 
10. Fixing 
11. Rapid drying versus slow drying 
7. Examination or Measurement 
A. Weighting of irregular spectra (light 
and dark) 
B. Background corrections 
<< C. Visual (one versus multiple observers) 
1. Direct examination of plate 
a. Apparatus for 
b. Choice of magnification 


2. Projection 

o a. Using standards on same plates 

Using reference or standard 
plates (or film) 

_D. Micro-densitometers 

1. Direct reading 

2. Recording 
8. Standards 


A. Standard alloy forms 
1. Chill-cast rods and vertical ingots 
a. For spark use 


aa b. For low amperage arc use 
2. For arc use 
c. Millings te, 
mr 1. Conducting (thermal and 
electrical) 
2. Non-conducting (thermal 
and electrical) 
1A 3. High versus low melting 


point 

Solution standards 

Synthetic alloy formulas 
Soluble readily 


Soluble with difficulty 
Sone 199 Containing readily volatile or 
te precipitable constituents 


2. For use as comparative stand- 
ards—routine 


conditions Ce ap 3. For use in calibrating a method 
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9. Sensitivity 
A. As governed by major elements or 
general matrix composition 


. As governed by{ methods its 
alkalinity 
Choice of appropriate wave-lengths 
for a given concentration 

G. Other factors inferred previously 
10. Presentation, Interpretation and Use of 


B. As governed by allied minor asso- 
ciates 

C. As governed by weight of sample 
employed 

D. As governed by eee 
acidic radical | Solution 

E 

F. 


Results 
(A. As a guide to further 
spectrographic tech- 
nique 


As an aid to the ana- 
lytical chemist 
C. As a guide to the engi- 


-Prelimi- 
Use 


= neer or other technolo- 
gist 
o D. In devel- | 
oping a By theana- 
— method | lyst or the 
E. In proving} physicist 
a method 
F. By the producer of the 
material 
Use G. By the user of the mate- 
rial 


Almost any one of a number of subjects 
touched upon in this survey could be 


H. By the layman 


on VARIABLES versus CONSTANTS 


the subject of a symposium in itself. 
We have selected, however, for discus- 
sion at the morning session “Accuracy 
Requirements versus Reproducibility 
Possibilities.” Can spectrographers con- 
sistently give the metallurgist or engi- 
neer results within 2 or 5 or 10 per cent 
of the truth? Can the engineer con- 
sistently ask us for 2 per cent when 5 
per cent or 10 per cent would do? 

In the afternoon session we shall con- 
sider the “Presentation of Results and 
Their Interpretation.” For example: 
How are we going to report minor 
amounts? Which terms should we use 
and when, as for example: per cent, 
parts per thousand, parts per million, 
milligrams per liter, milligrams per c.c. 
or per ml., or gamma? Or when we 
give the engineer a quasi-quantitative as 
report what does he think we spectro- 
scopists think we mean when we put 
down, major, minor, appreciable, low, 
strong, weak, intermediate, trace or 
spectrographic trace? What other 
terms can be used when we have no ’ 
suitable previous experience with that ae 
particular matrix or base material, no . 
suitable standard or reference? 

Perhaps we shall have the answer to 
some of these questions as a result of 
the symposium and thus be encouraged 
to go further and shortly engage to 
attack the problem of nomenclature. 


- mented by oral discussion. 


jal, 


_ [The Symposium on Spectrographic Analysis was an interchange of views é 
_ between the engineer or metallurgist who develops and uses metallurgical ty 4g 
specifications, and the analytical spectrographer. 
was solicited from a number of selected individuals, which was supple- 
This discussion will be published in the ASTM 


Prepared discussion 
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"3 SUMMARY OF PROCEEDINGS OF THE DETROIT SPRING 


MEETING—SYMPOSIUM ON NEW MATERIALS 

= _ The eleventh spring meeting of the Society was held in Detroit, Mich., 
4 


Wednesday, March 6, 1940, in conjunction with the Spring Grou; Meetings 
of the A.S.T.M. Committees. 

“a ‘oh The morning and afternoon sessions of the meeting comprised a technical 
: program—a Symposiu:n on New Materials in Transportation. This 
symposium was under the auspices of the Detroit District Committee. 
ae The committee immediately in charge of the technical program consisted 
of the following: 


E, Heussner (Chairman), Materials Engineer, Chrysler Corp. 
s/s W.. H. Graves (Acting Chairman), Chief Metallurgist, Packard Motor Car Co. 
Teng Peter Altman, Aeronautical Dept., University of Detroit. 
roy ‘ot S. D. Heron, Research Engineer, Ethyl Gasoline Corp. 
_ J. W. Kennedy, Engineer, Service Bureau, Huron Portland Cement Co. 
J. L. McCloud, Metallurgical Chemist, Ford Motor Co. 


hac The purpose of this symposium was not only to emphasize some of the 
major current developments but also to indicate trends which may be of 
increasing significance in the future. The symposium consisted of the 
‘tei following seven papers: 
“Exhaust Valve Materials for Internal-Combustion Engines,” by S. D. Heron, 
to iluas Director of Aeronautical Research, Ethyl Gasoline Corp., O. E. Harder, 
beagroun: and M. R. Nestor, Assistant Director, and Research Engineer, respec- 
tively, Battelle Memorial Institute. 
bot “Selection and Application of Automotive Steels,” by A. L. Boegehold, Head 
Metallurgy Dept., Research Laboratories Division, General Motors 
Corp., W. H. Graves, Chief Metallurgist, Packard Motor Car Co., and 
E. W. Upham, Chief Metallurgist, Chrysler Corp. 

“Rubber of Tomorrow,” by Sidney M. Cadwell, Director, Automotive De- 
velopment, United States Rubber Co. 

“‘Advances in the Uses of Concrete in Transportation,” by Miles D. Catton, 
Civil Engineer, Development Dept., Portland Cement Assn. 

“Recent Developments in the Use of Asphalt for Transportation Purposes,”’ 
by Bernard E. Gray, Chief Engineer, The Asphalt Institute. 

“Trends in the Properties of Volatile Liquid Fuels,” by D. P. Barnard and 
A. H. Fox, Associate Director of Research, and Research Engineer, 
respectively, Standard Oil Co. (Indiana). 

“Developments in Lubrication,” by J. P. Stewart, R. C. Moran, and O. M. 

Reiff, Head, Automotive Section, Supervising Chemist, and Research 

Chemist, respectively, Research and Development Division, General 

Laboratories, Socony-Vacuum Oil Co., Inc. 
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SUMMARY OF PROCEEDINGS DETROIT SPRING MEETING 


The chairmen of the sessions were as follows: 
Morning Session.—W. M. Barr, Chief Chemical and Metallurgical En- ef oS 
gineer, Union Pacific Railroad Co. Sars 

Afternoon Session.—J. L. McCloud, Metallurgical Chemist, Ford 
Motor Co. 

The papers in this symposium elicited a considerable amount of dis- | 
cussion which contributed greatly to the information contained in the 
papers. The papers, complete with discussion, have been published by __ 
the Society as a separate volume entitled, “Symposium on New Materials 
in Transportation.” 

The evening session—the Spring Meeting Dinner—featured an address 
on “The Antiquity of Things New in Transportation,” by J. S. Worley. 
Professor of Transportation Engineering and Curator of the Library of 
Transportation, University of Michigan. 

T. A. Boyd, Head Fuel Dept., General Motors Research Laboratories, 
General Motors Corp., was toastmaster at the dinner. 

There were approximately 250 members and guests in attendance at the 
sessions. Ad 
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Abrasion Testing. 

The Abrasion Resistance of Anodically Oxi- 
dized Coatings on Aluminum. H. G. Arlt, 
967. Discussion, 976. 

Relation of Water Absorption and Strength 
of Brick to Abrasive Resistance. J. W. 
McBurney, R. H. Brink, and A. R. Eberle, 
1143. Discussion’, 1152, 


Absorption. 


The Influence of Test Methods on Moisture 
Absorption and Resistance of Coarse Ag- 
gregate to Freezing and Thawing. F. N. 
Wray and H. J. Lichtefeld, 1007. 

Relation of Water Absorption and Strength 
of Brick to Abrasive Resistance. J. W. 
McBurney, R. H. Brink, and A. R. Eberle, 
1143. Discussion, 1152. 

Sorption of Water by Plastics. G. M. Kline, 
A. R. Martin, and W. A. Crouse, 1273. 
The Soundness of Chert as Measured by Bulk 
Specific Gravity and Absorption. Charles 
E. Wuerpel and E. P. Rexford, 1021. Dis- 

cussion, 1044. 


Accelerated Tests. 
See Abrasion Testing; Aging Test; Corro- 


See Neutralization Number. 
Aggregates. 
Concrete and Concrete Aggregates. 
of Committee C-9, 267. 
Designing Concrete Mixtures for Pavements. 
W. F. Kellermann, 1055. Discussion, 1066. 
The Influence of Test Methods on Moisture 
Absorption and Resistance of Coarse Ag- 
gregate to Freezing and Thawing. F. N. 
Wray and H. J. Lichtefeld, 1007. 
A Method of Measuring Thermal Diffusivity 
and Conductivity of Stone and Concrete. 
W. T. Thomson, 1073. Discussion, 1081. 


Report 
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Ager 


The Soundness of Chert as Measured by Bulk 
Specific Gravity and Absorption. Charles 
E. Wuerpel and E. P. Rexford, 1021. 
Discussion, 1044. 


Aging fest. 

Proposed Method of Calibrating a Light 

Source Used for Accelerating the Deteriora- 

tion of Rubber. Report of Committee 
D-11, Appendix II, 385. 

Proposed Method of Test for Resistance to 
Accelerated Light Aging of Rubber Com- 
pounds. Report of Committee D-11, 
Appendix I, 381. 


Alkalinity. 
See Neutralization Number. 


Alloys, Non-Ferrous. 


See also Aluminum; Brass; Bronze; Copper; 
Electrical-Resistance and Heating Alloys; 
Magnesium; Zinc. 

Anodic Coatings Seen Through the Micro 
scope. F. Keller, 948. 

Chemical Analysis of Metals. 
Committee E-3, 444. 

Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-5, 177. 

_ Copper and Copper-Alloy Wires for Electrical 


Report of! 


sion; Weathering. Conductors. Report of Committee B-1 
Acidity. 


162. 
Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 169. 

Die-Cast Metals and Alloys. Report of Com 
mittee B-6, 187. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com 
mittee, 121. 

Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 172. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 201. 

Metallography. 


Report of Committee E-4, 
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Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 166. 

Proportional Limit Tests on Copper Alloys. 
Cyril Stanley Smith, 864. Discussion, 873. 

Spectrographic Analysis. Report of Com- 
mittee E-2, 442. 

Symposium on Spectrographic Analysis. 
Summary of Proceedings of the Forty-third 
Annual Meeting, 19. 

The Tension Test. C. W. MacGregor, 508. 
Discussion, 579. 

Topical Discussion on Radiographic Testing 

of Airplane Components. Summary of 


Proceedings of the Forty-third Annual 
Meeting, 3. 


Alloy Steel. 


See also Corrosion-Resisting Alloy Steel; 
Steel. 

Atmospheric Durability of Steels Containing 
Nickel and Copper. N. B. Pilling and 
W. A. Wesley, 643. 

The Creep Strength of 17 Low-Alloy Steels 
at 1000 F. R. F. Miller, W. G. Benz and 
W. E. Unverzagt, 771. Discussion, 782. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 121. 

High Temperature Rupture and Creep Tests. 
Ernest L. Robinson, 811. Discussion, 818. 

Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 114. 

Magnetic Properties. 
A-6, 111. 

Quantitative Spectrographic Analysis of 

~ $teels. S. Vigo. Published in ASTM 
_ Burret, No. 107, December, 1940, p. 17. 

Discussion, p. 22. 

Some Effects of Composition and Heat Treat- 
ment on the High-Temperature Rupture 
Properties of Ferrous Alloys. R. H. 
Thielemann, 788. Discussion, 805. 

Supplementary Report on Inspection of 
Stainless Steel Architectural Structures. 
Report of Committee A-10, Appendix, 118. 

Symposium on Significance of the Tension 

Test of Metals in Relation to Design: 

_ Foreword. John M. Lessells, 501. 

The Tension Test. C. W. MacGregor, 508. 
The Strength Features of the Tension Test. 
B. Seely, 535. 


Report of Committee 


SuByEcTt INDEX 


Aluminum. 


The Limited Significance of the Ductility 
Features of the Tension Test. H. W. 
Gillett, 551. 

Discussion on Significance of the Tension 
Test, 579. 


The Abrasion Resistance of Anodically Oxi- 
dized Coatings on Aluminum. H. G. 
Arlt, 967. Discussion, 976. 

Anodic Coatings Seen Through the Micro- 
scope. F. Keller, 948. 

Creep of Aluminum Subjected to Bending at 
Normal Temperatures. Joseph Marin and 
L. E. Zwissler, 937. Discussion, 947. 

Die-Cast Metals and Alloys. Repurt of Com- 
mittee B-6, 187. 

Electrical Breakdown of Anodically Oxidized 
Coatings on Aluminum: a Means of Check- 
ing Thickness of Anodized Finishes. K. G. 
Compton and A. Mendizza, 978. 

An Investigation of Aluminum Die-Casting 
Alloys Nos. IVa, Va, and V. Report of 
Committee B-6, Appendix I, 191. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 201. 

The Tension Test. C. W. MacGregor, 508. 
Discussion, 579. 

Thickness of Anodic Coatings on Aluminum. 
Junius D. Edwards, 959. Discussion, 966. 

Topical Discussion on Radiographic Testing 
of Airplane Components. Summary of 
Proceedings of the Forty-third Annual 
Meeting, 3. 


Analytical Chemistry. 
See Chemical Analysis; Spectrographic 
Analysis. 


(Methods of analyses, testing, etc., are in- 
dexed under the materials and subjects 
covered by them.) 

Aniline Point Test. 

Proposed Method of Test for Aniline Point of 
Petroleum Products. Report of Com- 
mittee D-2, Appendix IT, 313. 

Annapolis Exposure Tests. 

Record of failures in atmospheric exposure 
tests at Annapolis of No. 22-gage copper- 
bearing and non-copper-bearing corrugated 
black sheets. Report of Committee A-5, 95. 

Annual Meeting. 


Annual Report of the Executive Committee, 
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Annual Meeting (Continued): 


Fourteenth Award of the Charles B. Dudley 
Medal. Summary of Proceedings of the 
Forty-third Annual Meeting, 15. 

Standard Specifications for Materials and 
Their Commercial Importance. Annual 
Address by the President, H. H. Mor- 

33. 

Summary of Proceedings of the Forty-third 

Annual Meeting, 1. 


Anodic Coatings. 


The Abrasion Resistance of Anodically Oxi- 
dized Coatings on Aluminum. H. G. Arlt, 
967. Discussion, 976. 

Anodic Coarings Seen Through the Micro- 
scope. F. Keller, 948. 

Electrical Breakdown of Anodically Oxidized 

- Coatings on Aluminum: a Means of Check- 
RM ing Thickness of Anodized Finishes. K. G. 

_ Compton and A. Mendizza, 978. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 201. 

Thickness of Anodic Coatings on Aluminum. 
Junius D. Edwards, 959. Discussion, 966. 


See Coal. 4 
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Apparatus. 

See Testing Apparatus. 

Asbestos. 

Textile Materials. Report of Committee 

Ashing Method. 

An Extraction Method for the Determination 
of Metals in Boiled Linseed Oil and Driers. 
Frank Gottsch and Benjamin Grodman, 
1206. Discussion, 1211. 


Asphalt. 

Bituminous Waterproofing and Roofing Ma- 
terials. Report of Committee D-8, 345. 

The Measurement of the Deformation Prop- 
erties of Asphalts.. T. F. Ford and K. G. 
Arabian, 1174. 

The Mechanics of Granular and Granular- 

_ Plastic Materials, with Special Reference 


Bituminous Road Materials and Sub- 


tae soils. V. A. Endersby, 1154. 
Proposed Methods of Testing Preformed Ex- 
pansion Joint Filler for Concrete (Bitu- 
_ minous Type). Report of Committee D-4, 
Appendix III, 336. 


SuBJECT INDEX 


Proposed Specifications for Preformed Ex- 
pansion Joint Filler for Concrete (Bitu- 
minous Type). Report of Committee D-4, 
Appendix IT, 335. 

Report on Comparative Tests of Loss on 
Heating. Report of Committee D-4, 
Appendix I, 333. 

Rheological Interpretaticn of Asphalt Tests. 
R. N. Traxler, H. E. Schweyer, and J. W. 
Romberg, 1182. Discussion, 1196. 

Road and Paving Materials. Report of 
Committee D-4, 329. 

A Study of the Recovery of the Bitumen from 
Soft Asphalt Cements by the Bussow 
Method. Carl Bussow, 1201. 

Summary of Proceedings of Detroit Spring 
Meeting—Symposium on New Materials 


See Corrosion; Weathering. 


Atmospheric Exposure. 


Autoclave Test. 


Report on Cooperative Studies of Various 
Types of Soundness Tests. Sponsored by 


iB Working Committee, Committee C-1, on 


- Volume Change and Soundness, 226. 
Automotive Materials. 


Summary of Proceedings of Detroit Spring 
Meeting—Symposium on New Materials 
in Transportation, 1360. 


Axles. 


Fatigue Strength of 2-in. Diameter Axles with 
Surfaces Metal Coated and Flame Hard- 
ened. O. J. Horger and T. V. Buckwalter, 
733. Discussion, 744. ‘ 

A Corrosion-Fatigue Test to Determine the 
Protective Qualities of Metallic Platings. 
John N. Kenyon, 705. ‘Discussion, 715. 

A Pulsating Tension-Fatigue Machine for 
Small Diameter Wire. John N. Kenyon, 
762. Discussion, 770. 


Bending. 


Creep of Aluminum Subjected to Bending at 
Normal Temperatures. Joseph Marin and 
L. E. Zwissler, 937. Discussion, 947. 


Bead Wire. 
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Biot’s Modulus. © 
A Method of Measuring Thermal Diffusivity 
and Conductivity of Stone and Concrete. 
W. T. Thomson, 1073. Discussion, 1081. 


Bituminous Coal. 
See Coal. oad io 
Bituminous Materials. flue! 


See Asphalt; Petroleum Products; Roofing 
Materials; Waterproofing Materials. 


See also Water. 

Symposium on Problems in the Classification 
of Natural Water Intended for Industrial 
Use: 

jials Introduction. F. N. Speller, 1305. 

Reporting the Results of Water Analysis. 
Robert C. Adams, 1307. Discussion, 
1312. 

A Review of Data on the Relationship of 
Corrosivity of Water to Its Chemical 
Analysis. V. V. Kandel, 1317. Dis- 
cussion, 1323. 

Measuring the Scale-Forming and Corro- 
sive Tendencies of Water by Short-Time 
Tests. Everett P. Partridge and G. B. 
Hatch, 1329. Discussion, 1340. 

A Method of Measuring Corrosiveness. 
J. H. Walker, 1342. Discussion, 1353. 

Water for Industrial Uses. Report of Com- 
mittee D-19, 426. 


Bond. 


Some Properties of Mortars in Masonry. 
F. O. Anderegg, 1130. Discussion, 1142. 


ring 


Brass. 


See also Copper. 

Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-5, 177. 

Proportional Limit Tests on Copper Alloys. 
Cyril Stanley Smith, 864. Discussion, 873. 

The Tension Test. C. W. MacGregor, 508. 
Discussion, 579. 


Brick. 


Manufactured Masonry Units. 
Committee C-15, 276. 
Refractories. Report of Committee C-8, 258. 
Relation of Water Absorption and Strength 
of Brick to Abrasive Resistance. J. W. 
_ McBurney, R. H. Brink, and A. R. Eberle, 
1143. . Discussion, 1152. 


Report of 


Some Properties of Mortars in Masonry 
F. O. Anderegg, 1130. Discussion, 1142. 


Brinell Hardness. 
See Hardness Testing. 


Bronze. 


See also Copper. 
Alloys, Cast and 


Copper and Copper 
Wrought. Report of Committee B-5, 177. 
Building Brick. 
See Brick. 
Building Tile. 


See Tile. 


Bursting Tests and Tension Tests for Lead - 


Cable Sheathing. H. F. Moore, C. W. 
Dollins, and W. J. Craig, 904. Discussion, 
930. 

Internal Hydraulic Bursting Tests of Lead 
Cable Sheathing. Howard S. Phelps, 
Albert M. Gates, and Frank Kahn, 885. 
Discussion, 930. 

The Testing of Lead Cable Coverings. W.H. 
Bassett, Jr., and C. J. Snyder, 910. Dis- 
cussion, 930. 

Bussow Method. 


A Study of the Recovery of the Bitumen from 
Soft Asphalt Cements by the Bussow 
Method. Carl Bussow, 1201. 

Cable. 

Bursting Tests and Tension Tests for Lead 
Cable Sheathing. H. F. Moore, C. W. 
_ Dollins, and W. J. Craig, 904. Discussion, 

930. 

Copper and Copper-Alloy Wires for Electrical 
Conductors. Report of Committee B-1, 
162. 

Internal Hydraulic Bursting Tests of Lead 
Cable Sheathing. Howard S. Phelps, 
Albert M. Gates, and Frank Kahn, 885. 
Discussion, 930. 

The Testing of Lead Cable Coverings. W.H. 
Bassett, Jr., and C. 910. 
cussion, 930. 


Cadmium Coating. 


The Effect of Protective Coatings on the 


Corrosion-Fatigue Strength of Steel. 
Thomas J. Dolan and Hugh H. Benninger, 
658. Discussion, 667. 
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Calibration, Methods of. 


Proposed Method of Calibrating a Light 
_ Source Used for Accelerating the Deteriora- 


; tion of Rubber. Report of Committee 
D-11, Appendix IT, 385. 
Cast Iron. 


Cast Iron. Report of Committee A-3, 89. 

Fatigue of Porous Metals. Claus G. Goetzel 
and Richard P. Seelig, 746. Discussion, 
757. 

Mechanical Properties of Gray Cast Iron in 
Torsion. Jasper O. Draffin, W. Leighton 
Collins and Carl H. Casberg, 840. Dis- 

cussion, 847. 

Stress-Strain Relations for Malleable Cast 
Iron in Tension with Special Attention to 
Yield Point Determination. R. D. Lan- 
don, 849. Discussion, 862. 


Castings. 


See also Alloy Steel; Aluminum; Brass; 
Bronze; Cast Iron; Copper; Die Castings; 
Magnesium; Malleable Iron; Steel. 

Radiographic Testing. Report of Committee 
E-7, 448. 

Topical Discussion on Radiographic Testing 

a: Airplane Components. Summary of 

Proceedings of the Forty-third Annual 
Meeting, 3 

Autogenous Volume Changes of Concrete. 
Harmer E. Davis, 1103. Discussion, 1111. 

Cement. Report of Committee C-i, 206. 

Methods of Chemical Analysis of Cement. 
Report of Working Committee, Committee 
C-1, 244. 

Portland Cement—Theories (Proven and 
Otherwise) and Specifications. Edgar 
Marburg Lecture. P. H. Bates, 469. 

Proposed Method of Chemical Analysis of 
Portland Cement (Acid-Soluble Sodium 
Oxide and Potassium Oxide, Water-Soluble 
Alkali). Report of Committee C-1, 
Appendix, 246. - 

Report on Cooperative Studies of Various 
Types of Soundness Tests. Sponsored by 
Working Committee, Committee C-1, on 
Volume Change and Soundness, 226. 


Cement. 


Report on Investigation of Mortars by Seven 
Laboratories. Sponsored by Working 

_ Committee, Committee C-1, on Plastic 

_ Mortar Tests, 210. 

Some Properties of Mortars in Masonry, 
F. O. Anderegg, 1130. Discussion, 1142, 

A Study of the Recovery of the Bitumen from 
Soft Asphalt Cements by the Bussow 
Method. Carl Bussow, 1201. 

Tests of 106 Commercial Cements for Sulfate 
Resistance. Dalton G. Miller and Philip 
W. Manson, 988. Discussion, 1002. 


Cetane Number. 


Proposed Method of Test for Ignition Quality 
of Diesel Fuels. Report of Committee 


D-2, Appendix ITI, 316. 
C. F. R. Engine. 


Proposed Method of Test for Ignition Quality 


of Diesel Fuels. Report of Committee 


D-2, Appendix IIT, 316. 


ol) 


Charpy Impact. 
See Impact Testing. 


Chemical Analysis. 
Chemical Analysis of Metals. 
Committee E-3, 444. 
Methods of Chemical Analysis of Cement. 
Report of Working Committee, Committee 
C-1, 244. 
Proposed Method of Chemical Analysis of 
Portland Cement (Acid-Soluble Sodium 


Report of 


Oxide and Potassium Oxide, Water-Soluble 


Alkali). Report of 
Appendix, 246. 

Spectrographic Analysis. 
mittee E-2, 442. 

Symposium on Spectrographic Analysis 
Summary of Proceedings of the Forty-third 
Annual Meeting, 19. 

Symposium on Tools of Analytical Chemistry 
Summary of Proceedings of the Forty-third 
Annual Meeting, 5 


See Lime. 


Committee C-l, 


Report of Com- 


Chert Gravel. 


The Soundness of Chert as Measured by Bulk 
Specific Gravity and Absorption. Charles 
E. Wuerpel and E. P. Rexford, 1021. Dis- 
cussion, 1044. 
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Chromium-Nickel Alloys. 


See Alloy Steel; Corrosion-Resistirg Alloy 
Steel; Electrical-Resistance and Heating 


Alloys. by: 
tote 


See Tile. Uh 
Clay Pipe. 

Clay Pipe. Report of Committee C-4, 249. 
Coal. 


Coal and Coke. Report of Committee D-5, 
337. Minority Report, 341. 


Coatings. 
The Abrasion Resistance of Anodically Oxi- 


dized Coatings on Aluminum. H. G. 
Arlt, 967. Discussion, 976. 


Anodic Coatings Seen Through the Micro- 7 


scope. F. Keller, 948. 

Corrosion of Iron and Steel. Report of 
Committee A-5, 91. 

Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 169. 

Electrical Breakdown of Anodically Oxidized 
Coatings on Aluminum: a Means of Check- 
ing Thickness of Anodized Finishes. K. G. 
Compton and A. Mendizza, 978. 

Fatigue Strength of 2-in. Diameter Axles with 
Surfaces Metal Coated and Flame Hard- 
ened. O. J. Horger and T. V. Buckwalter, 
733. Discussion, 744. 

Fatigue Tests on Zinc-Coated Steel Wire. 
D. G. Watt, 717. Discussion, 730. 

Thickness of Anodic Coatings on Aluminum. 
Junius D. Edwards, 959. Discussion, 966. 


Coke. 
Coal and Coke. Report of Committee D-5, 
337. Minority Report, 341. 
Compression Testing. 
Report on Investigation of Mortars by Seven 
_ Laboratories. Sponsored by Working 
Committe Committee C-1, on Plastic 
Mortar Tests, 210. 
Some Properties of Mortars in Masonry. 
F. O. Anderegg, 1130. Discussion, 1142. 
Tests of 106 Commercial Cements for Sulfate 


Resistance. Dalton G. Miller and Philip 
W. Manson, 988. Discussion, 1002. 


Concrete. 


Autogenous Volume Changes of Concrete. 
Harmer E. Davis, 1103. Discussion, 1111. 
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Concrete and Concrete Aggregates. Report 
of Committee C-9, 267. 

Concrete Pipe. Report of Committee C-13, 
274. 

Designing Concrete Mixtures for Pavements. 
W. F. Kellermann, 1055. Discussion, 1066. 

Manufactured Masonry Units. Report of 
Committee C-15, 276. 

Measuring Changes in Physical Properties of 
Concrete by the Dynamic Method. W. T. 
Thomson, 1113. Discussion, 1122. 

A Method of Measuring Thermal Diffusivity 
and Conductivity of Stone and Concrete. 
W. T. Thomson, 1073. Discussion, 1081. 

Proposed Methods of Testing Preformed 


_ Expansion Joint Filler for Concrete (Bitu- 


minous Type). Report of Committee D-4, 
Appendix ITI, 336. 

Proposed Specifications for Preformed Ex- 
pansion Joint Filler for Concrete (Bitu- 
minous Type). Report of Committee 
D-4, Appendix IT, 335. 

Report on Cooperative Studies of Various 
Types of Soundness Tests of Cement. 
Sponsored by Working Committee, Com- 
mittee C-1, on Volume Change and Sound- 
ness, 226. 

Report on Investigation of Mortars by 
Seven Laboratories. Sponsored by Working 
Committee, Committee C-1, on Plastic 
Mortar Tests, 210. 

The Soundness of Chert as Measured by Bulk 
Specific Gravity and Absorption. Charles 
E. Wuerpel and E. P. Rexford, 1021. 
Discussion, 1044. 

Summary of Proceedings of Detroit Spring 
Meeting—Symposium on New Materials 
in Transportation, 1360. 

The Theory of Concrete Creep. William R. 
Lorman, 1082. 

Tests of 106 Commercial Cements for Sulfate 
Resistance. Dalton G. Miller and Philip 
W. Manson, 988. Discussion, 1002. 


Conditioning. 
Methods of Testing. Report of Committee 


A Method of Measuring Thermal Diffusivity 
and Conductivity of Stone and Concrete. 


W. T. Thomson, 1073. Discussion, 1081. 
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Methods of Analysis of Paint Materials. 
Report of Subcommittee VIII, Committee 
D-1, 295. 

Methods of Testing. Report of Committee 
E-1, 435. 

The Measurement of the Deformation Prop- 


Consistency. 


erties of Asphalts. 
Arabian, 1174. 
Rheological Interpretation of Asphalt Tests. 
R. N. Traxler, H. E. Schweyer, and J. W. 
Romberg, 1182. Discussion, 1196. 


T. F. Ford and K. G. 


Copper. 
See also Copper Wire. [ 
Chemical Analysis of Metals. Report of 


Committee E-3, 444. 

Controlling Factors in Galvanic Corrosion. 
W. A. Wesley, 690. Discussion, 703. 

Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-5, 177. 

High-Speed Tension Tests at Elevated Tem- 
peratures. M. Manjoine and A. Nadai, 
822. Discussion, 838. 

Proportional Limit Tests on Copper Alloys. 
Cyril Stanley Smith, 864. Discussion, 873. 

The Tension Test. C. W. MacGregor, 508. 


Discussion, 579. fier: 


Corrosion of Iron and Steel. 
mittee A-5, 91. 

Record of failures in atmospheric exposure 
tests at Annapolis of No. 22-gage copper- 
bearing and non-copper-bearing corrugated 
black sheets. Report of Committee A-5, 95. 

Total Immersion Tests. Report of Sub- 
committee V, Committee A-5, 98. 


Report of Com- 


Copper Wire. 

Copper and Copper-Alloy Wires for Electrical 
Conductors. Report of Committee B-1, 


The Creep Phenomenon in Ropes and Cords. 
Carlton G. Lutts and David Himmelfarb, 
1251. 

Cossesten. 
See also Weathering. 
Atmospheric Durability of Steels Conteining 
Nickel and Copper. N. B. Pilling and 
A. Wesley, 643. 


Supyect INDEX 


Controlling Factors in Galvanic Corrosion, 
W. A. Wesley, 690. Discussion, 703. 

A Corrosion-Fatigue Test to Determine the 
Protective Qualities of Metallic Platings, 
John N. Kenyon, 705. Discussion, 715, 

Corrosion of Iron and Steel. Report of 
Committee A-5, 91. 

Corrosion of Non-Ferrous Metals and Alloys, 
Report of Committee B-3, 169. 

The Effect of Protective Coatings on the 
Corrosion-Fatigue Strength of Steel, 
Thomas J. Dolan and Hugh H. Benninger, 
658. Discussion, 667. 

Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 106. 

An Investigation of Aluminum Die-Casting 
Alloys Nos. 1Va, Va, and V. Report of 
Committee B-6, Appendix I, 191. 

Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 114. 

Physical Properties and Expansion Data on 
Zinc-Base Die-Casting Alloy Specimens 
After 10-year Atmospheric Exposure. Re- 
port of Committee B-6, Appendix II, 195. 

Record of failures in atmospheric exposuie 
tests at Annapolis of No. 22-gage copper- 
bearing and non-copper-bearing corrugated 
black sheets. Report of Committee A-5, 95. 

Research. Report of Committee E-9, 455. 

Some Observations of the Potentials of Metals 
and Alloys in Sea Water. F. L. LaQue and 
G. L. Cox, 670. Discussion, 688. 

Supplementary Report on Inspection of Stain- 
less Steel Architectural Structures. Re- 
port oi amittee A-10, Appendix, 118. 

Symposium on Problems in the Classification 


of Natural Water Intended for 
Industrial Use: 
Introduction. F. N. Speller, 1305. 


Reporting the Results of Water Analysis. 
Robert C. Adams, 1307. Discussion, 
1312. 

A Review of Data on the Relationship of 
Corrosivity of Water to Its Chemical 
Analysis. V. V. Kendall, 1317. Dis- 
cussion, 1323. 

Measuring the Scale-Forming and Corrosive 
Tendencies of Water by Short-Time 
Tests. Everett P. Partridge and G. B. 
datch, 1329. Discussion, 1340 

A Method of Measuring Corrusiveness. 
J. H. Watker, 1342. Discussion, 1353. 
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Total Immersion Tests. 


committee V, Committee A-5,98. 
Corrosion-Resisting Alloy Steels. 


See also High-Temperature Service Materials. 

Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 114. 

Supplementary Report on Inspection of 
Stainless Steel Architectural Structures. 
Report of Committee A-10, Appendix, 118. 


Cotton and Cotton Products. 


Textile Materials. Report of Committee 
D-13, 404. 


Creep Tests. 

See also Temperature, Effect of. 

Creep of Aluminum Subjected to Bending at 
Normal Temperatures. Joseph Marin and 
L. E. Zwissler, 937. Discussion, 947. 

The Creep Phenomenon in Ropes and Cords. 
Carlton G. Lutts and David Himmelfarb, 
1251. 

The Creep Strength of 17 Low-Alloy Steels at 
1000 F. R. F. Miller, W. G. Benz and 
W. E. Unverzagt, 771. Discussion, 782. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 121. 

High Temperature Rupture and Creep Tests. 
Ernest L. Robinson, 811. Discussion, 818. 

List of Published Reports with Reference to 
Tests on 0.35 per cent Carbon Steel K20, 
prepared by P. E. McKinney, A. B. Bagsar, 
E. L. Robinson, and J. S. Worth. Report 
of Joint Research Committee on Effect of 


Temperature on the Properties of Metals, — 


Appendix II, 159. 


Study of Effects of Variables on the Creep 


Resistance of Steels, prepared by H. C. 
Cross and J. G. Lowther. Report of Joint 
Research Committee on Effect of Tem- 
perature on the Properties of Metals, 
Appendix I, 125. Discussion, 154. 

The Theory of Concrete Creep. William R. 


Lorman, 1082. 
See Waterproofing Materials. 
Definitions of Terms. 


SuBJECT INDEX 


Report of Sub- Design. 


Symposium < on Significance of the Tension 
Test of Metals in Relation to Design: 
Foreword. John M. Lessells, 501. 
The Tension Test. C.W. MacGregor, 508. 
The Strength Features of the Tension Test. 
F. B. Seely, 535. 
The Limited Significance of the Ductility 


Features of the Tension Test. H. W. 
Gillett, 551. 
Discussion on Significance of the Tension 
Test, 579. 
Desorption. 


Sorption of Water by Plastics. G. M. Kline, 
A. R. Martin, and W. A. Crouse, 1273. 


Detergents. 
See Soaps and Detergents. _ 
Die Castings. 


Die-Cast Metals and Alloys. Report of Com- 
mittee B-6, 187. 

An Investigation of Aluminum Die-Casting 
Alloys Nos. IVa, Va, and V. Report of 
Committee B-6, Appendix I, 191. 

Physical Properties and Expansion Data on 
Zinc-Base Die-Casting Alloy Specimens 
After 10-year Atmospheric Exposure. 
Report of Committee B-6, Appendix IT, 195. 


Diesel Fuel Oil. 
Diesel-Fuel-Oil Classification. Report of 
Committee D-2, Appendix IV, 324. 
Proposed Method of Test for Ignition Quality 
of Diesel Fuels. Report of Committee D-2, 
Appendix III, 316. 
Proposed Method of Test for Neutralization 


of Petroleum (Products and 
Lubricants. Report of Committee D-2, 
Appendix I, 309. 

Driers. 


An Extraction Method for the Determination 
of Metals in Boiled Linseed Oil and Driers. 
Frank Gottsch and Benjamin Grodman, 
1206. Discussion, 1211. | 


Data on dropping point test. Report of Com- 
mittee D-2, 300. 


Ductility. 
The Limited Significance of the Ductility 


Features of the Tension Test. H. W. 
Gillett, 551. Discussion, 579. 
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Ductility (Continued): 


Measuring Changes in Physical Properties of 
Concrete by the Dynamic Method. W. T. 
Thomson, 1113. Discussion, 1122. 

Rheological Interpretation of Asphalt Tests. 
R. N. Traxler, H. E. Schweyer and J. W. 
Romberg, 1182. Discussion, 1196. 


Dudley Medal. 
Fourteenth Award of the Charles B. Dudley 


Medal. Summary of Proceedings of the 
Forty-third Annual Meeting, 15. 


Durometers. 


The Standardization of Durometers. Lewis 
Larrick, 1239. Discussion, 1249. 


Dynamic Testing. 


Measuring Changes in Physical Properties of 
Concrete by the Dynamic Method. W. T. 
Thomson, 1113. Discussion, 1122. 

E 


- 
Effect of Temperature. 


See Temperature, Effectof. ag 
Elasticity. 
See Compression Testing; Tension Testing. 


Electrical Insulating Materials. 


A Correlation of the Chemical and Electrical 
Changes Observed During the Oxidation >f 
Mineral Insulating Oil. F.M. Clark, 1213. 
Discussion, 1235. 

Electrical Insulating Materials. Report of 
Committee D-9, 350. 

Electrical Insulating Materials. 
Sectional Committee, 365. 

Plastics. Report of Committee D-20, 443. 

Recommendations Affecting Standards for 
Electrical Insulating Materials. Report 
of Committee D-9, Appendix, 357. 


Electrical-Resistance and Heating Alloys. 


Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 172. © 


Electrical Testing. 


Electrical Breakdown of Anodically Oxidized 
Coatings on Aluminum: a Means of Check- 
ing Thickness of Anodized Finishes. K. G. 
Compton and A. Mendizza, 978. 


Electrodeposited Coatings. 


The Effect of Protective Coatings on the 
Corrosion-Fatigue Strength of Steel. 


Report of 


Thomas J. Dolan and Hugh H. Benninger, 
658. Discussion, 667. 
Electrolytic Corrosion. 
Controlling Factors in Galvanic Corrosion, 
W. A. Wesley, 690. Discussion, 703. 
Some Observations of the Potentials of Metals 
and Alloys in Sea Water. F. L. LaQue and 
G. L. Cox, 670. Discussion, 688. 
Emulsified Asphalts. 


See Asphalt. 
Enamels. 


Accelerated Weathering Tests of Enamels on 
Steel and Correlation with Outdoor Ex. 
posure. Report of Subcommittee VII, 
Committee D-1, 289. 

Endurance Testing. 


See Fatigue. 


Etching. 

S 

ee Grain Size; Metallography. 
Executive Committee. 

Annual Report of the 

mittee, 40. 

Expansion. 

See Volume Change. 
Methods of Testing 


Executive Com- 


Preformed 
Expansion Joint Filler for Concrete (Bitu- 


Proposed 


minous Type). Report of Committee 
D-4, Appendix IIT, 336. 

Proposed Specifications for Preformed Expan- 
sion Joint Filler for Concrete (Bituminous 
Type). Report of Committee D-4, Ap- 


i 5. 

pendix II, 33 

See Corrosion; Weathering. 

Extensometer. 
Proportional Limit Tests on Copper Alloys. 
Cyril Stanley Smith, 864. Discussion, 873. 


Extraction Method. 


An Extraction. Method for the Determination 
of Metals in Boiled Linseed Oil and Driers. 
Frank Gottsch and Benjamin Grodman, 
1206. Discussion, 1211. 


Fabrics. aT te 
See Textile Materials. 
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Accelerated Weathering of Transparent Plas- 


tics. G. M. Kline, W. A. Crouse, and 
B. M. Axilrod, 1256. Discussion, 1271. 


Fatigue. 
A Corrosion-Fatigue Test to Determine the 
Protective Qualities of Metallic Platings. 
John N. Kenyon, 705. Discussion, 715. 
The Effect of Protective Coatings on the 
Corrosion-Fatigue Strength of Steel. 
Thomas J. Dolan and Hugh H. Benninger, 
658. Discussion, 667. 

Fatigue of Metals. Report of the Research 
Committee, 120. 

Fatigue of Porous Metals. Claus G. Goetzel 
and Richard P. Seelig, 746. Discussion, 
757. 

Fatigue Strength of 2-in. Diameter Axles 
with Surfaces Metal Coated and Flame 
Hardened. O. J. Horger and T. V. Buck- 
walter, 733. Discussion, 744. 

Fatigue Tests on Zinc-Coated Steel Wire. 
D. G. Watt, 717. Discussion, 730. 

A Pulsating Tension-Fatigue Machine for 
Small Diameter Wire. John N. Kenyon, 
762. Discussion, 770. 

Research. 


Fibers. 
Methods of Fiber Analysis. Report of Sub- 
committee VI, Committee D-8, 348. 


Textile Materials. Report of Committee 
D-13, 404. 


Filler. 
Proposed Methods of Testing Preformed 


_ Expansion Joint Filler for Concrete (Bitu- 

is _minous Type). Report of Committee 
Appendix III, 336. 

Proposed Specifications for Preformed Ex- 
pansion Joint Filler for Concrete (Bitumi- 
nous Type). Report of Committee D-4, 
Appendix II, 335. 


Filtration. 


The Reduction of Secondary Radiation and 
_ of Excessive Radiographic Contrast by 


a _ Filtration. Herman E. Seemann, 1289. 
Discussion, 1297. 
Finances. 
Annual Report of the Executive Committee, 


Report of Committee E-9, 455, 


SuByEcT INDEX 


Effect of Temperature on the Properties of 
- Metals. Report of Joint Research Com- 


Fire Tests of Materials and Construction. £ 
Report of Committee C-5, 250. 


‘mittee, 121. 


‘Fire Brick. 
See Refractories. 


Fin er’, 


Flexure Testing. 


Designing Concrete Mixtures for Pavements. 
W. F. Kellermann, 1055. Discussion, 
1066. 


Floor Tile. 
See Tile. 


Flow Test. 


Report on Investigation of Mortars by Seven 
Laboratories. Sponsored by Working Com- 
mittee, Committee C-1, on Plastic Mortar 
Tests, 210. 

Rheological Interpretation of Asphalt Tests. 
R. N. Traxler, H. E. Schweyer, and 
J. W. Romberg, 1182. Discussion, 1196. 


Fourier’s Modulus. 


A Method of Measuring Thermal Diffusivity 
and Conductivity of Stone and Concrete. 
W. T. Thomson, 1073. Discussion, 1081. 


Freezing-and-Thawing Tests. 


The Influence of Test Methods on Moisture 
Absorption and Resistance of Coarse 
Aggregate to Freezing and Thawing. F.N. 
Wray and H. J. Lichtefeld, 1007. 

Measuring Changes in Physical Properties of 
Concrete by the Dynamic Method. W. T. 
Thomson, 1113. Discussion, 1122. 

Research. Report of Committee E-9, 455. 


Fuel Oil. 


See also Petroleum Products. 

Diesel-Fuel-Oil Classification. 
Committee D-2, Appendix IV, 324. 

Proposed Method of Test for Ignition Quality 
of Diesel Fuels. Report of Committee D-2, 
Appendix III, 316. 

Summary of Proceedings of Detroit Spring 
Meeting—Symposium on New Materials 
in Transportation,1360. 
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Controlling Factors in Galvanic Corrosion. 
W. A. Wesley, 690. Discussion, 703. 

Some Observations of the Potentials of Metals 
and Alloys in Sea Water. F. L. LaQue 
and G. L. Cox, 670. Discussion, 688. 


Galvanizing. 
See also Zinc Coatings. 
A Corrosion-Fatigue Test to Determine the 
Protective Qualities of Metallic Platings. 
John N. Kenyon, 705. Discussion, 715. 


Gaseous Fuels. 
Gaseous Fuels. Report of Committee D-3, 
327. 
Research. Report of Committee E-9, 455. 
Gasoline. 


Petroleum Products and Lubricants. Report 
of Committee D-2, 299. 
Summary of Proceedings of Detroit Spring 


: Meeting—Symposium on New Materials 
in Transportation, 1360. 
Glass Textiles. 


Textile Materials. Report of Committee 
D-13, 404. 


> See Testing Apparatus; Thermcmeters, 
A.S.T.M. 
4 «Grain Size. 


i List of Published Reports with Reference to 
Tests on 0.35 per cent Carbon Steel K20, 
prepared by P. E. McKinney, A. B. Bagsar, 
E. L. Robinson, and J. S. Worth. Report 
of Joint Research Committee on Effect 
of Temperature on the Properties of 
Metals, Appendix IT, 159. 
Metallography. Report of Committee E-4, 

+46 


a, Study of Effects of Variables on the Creep 
oo Resistance of Steels, prepared by H. C. 
ae Cross and J. G. Lowther. Report of Joint 
un a Research Committee on Effect of Tempera- 
ture on the Properties of Metals, Appendix 

I, 125. Discussion, 154. 


Grease. 
See also 
Data on dropping point test. Report of 
Committee D-2, 300. 
Percentage of water in lubricating grease. 
Report of Committee D-2, 300. 
Grit Cake Soap. 
Proposed Specifications for Grit Cake Soap. 
Report of Committee D-12, Appendix III, 
403. 


Gypsum. 
Gypsum. Report of Committee C-11, 269. 


Hardness Testing. 


Fatigue Strength of 2-in. Diameter Axles with 
Surfaces Metal Coated and Flame Hard- 
ened. O. J. Horger and T. V. Buckwalter, 
733. Discussion, 744. 


Properties of Commercial Pearlitic Malleable - 


Iron. C. H. Lorig. Published in ASTM 
BuLtetin, No. 105, August, 1940, p. 29, 
Discussion, p. 34. 

The Standardization of Durometers. Lewis 
Larrick, 1239. Discussion, 1249. 


Heat Treatment. 


Study of Effects of Variables on the Creep 
Resistance of Steels, prepared by H. C. 
Cross and J. G. Lowther. Report of Joint 
Research Committee on Effect of Tempera- 
ture on the Properties of Metals, Appendix 
I, 125. Discussion, 154. 


Heating Elements. 
Seé Electrical-Resistance and Heating Alloys. 


High-Temperature Service Materials. 

See also Refractories; Temperature, Effect of. 

The Creep Strength of 17 Low-Alloy Steels 
at 1000 F. R. F. Miller, W. G. Benz and 
W. E. Unverzagt, 771. Discussion, 782. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 121. 

Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 172. 

List of Published Reports with Reference to 

Tests on 0.35 per cent Carbon Steel K20, 
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prepared by P. E. McKinney, A. B. Bagsar, 
E. L. Robinson, and J. S. Worth. Report 
of Joint Research Committee on Effect 
of Temperature on the Properties of Metals, 
Appendix II, 159. 

Study of Effects of Variables on the Creep 
Resistance of Steels, prepared by H. C. 
Cross and J. G. Lowther. Report of Joint 
Research Committee on Effect of Tempera- 
ture on the Properties of Metals, Appendix 


I, 125. Discussion, 154. ae 
High Temperature Testing. arise 
See Temperature, Effect of. 
Hollow Tile. 
Hydrogen Ion Determinations. 
See pH Value. 


Bursting Tests and Tension Tests for Lead 
Cable Sheathing. H. F. Moore, C. W. 
Dollins, and W. J. Craig, 904. Discus- 
sion, 930. 

Internal Hydraulic Bursting Tests of Lead 
Cable Sheathing. Howard S. Phelps, 
Albert M. Gates, and Frank Kahn, 885. 
Discussion, 930. 

The Testing of Lead Cable Coverings. 

W. H. Bassett, Jr., and C. J. Snyder, 910. 


wee Discussion, 930. 


Ignition Quality. 
Proposed Method of Test for Ignition Quality 


of Diesel Fuels. Report of Committee D-2, 
Appendix ITI, 316. 


Immersion Tests. 


Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 169. 

Total Immersion Tests. Report of Subcom- 
mittee V, Committee A-5, 98. 


Impact Testing. 


List of Published Reports with Reference to 
Tests on 0.35 per cent Carbon Steel K20, 
prepared by P. E. McKinney, A. B. Bagsar, 
E. L. Robinson, and J. S. Worth. Report 

_ of Joint Research Committee on Effect of 

_ Temperature on the Properties of Metals, 
Appendix IT, 159. 
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Incandescent Lamp Materials. 
See Electrical-Resistance and Heating Alloys. 


Industrial Waters. 


Instruments. 
See Testing A tus St 
See Electrical Insulating Materials. = 
Insulating Oil. 


A Correlation of the Chemical and Electrical 
Changes Observed During the Oxidation of 
Mineral Insulating Oil. F. M. Clark, 


1213. Discussion, 1235, $= 
Iron. 


See also Cast Iron; Malleable Iron; Wrought 
Iron. 

Chemical Analysis of Metals. 
Committee E-3, 444. — 

Controlling Factors in Galvanic Corrosion. 
W. A. Wesley, 690. Discussion, 703. 

Corrosion of Iron and Steel. Report of 
Committee A-5, 91. 

Magnetic Properties. 
A-6, 111. 

Mechanical Properties of Gray Cast Iron in 
Torsion. Jasper O. Draffin, W. Leighton 
Collins and Carl H. Casberg, 840. Discus- 
sion, 847. 

Properties of Commercial Pearlitic Malleable 
Iron. C. H. Lorig. Published in ASTM 
Buttetin, No. 105, August, 1940, p. 29. 
Discussion, p. 34. 

Stress-Strain Relations for Malleable Cast 
Iron in Tension with Special Attention to 
Yield Point Determination. R. D. Landon, 


Report of 


Report of Committee 


849. Discussion, 862. 


Iron-Chromium-Nickel Alloys. 


See Corrosion-Resisting Alloy Steels ; Electri- 
cal-Resistance and Heating Alloys. 


Izod Impact. at 
t Testing. 

See Impact Testing 
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Laboratory Glassware. 


See Testing Apparatus; 
A.S.T.M. 


Thermometers, 
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Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 279. 
Latex. 
See Rubber Products. 
Lead. 


Bursting Tests and Tension Tests for Lead 
_ Cable Sheathing. H. F. Moore, C. W. 
 Dollins, and W. J. Craig, 904. Discussion, 

Internal Hydraulic Bursting Tests of Lead 
Cable Sheathing. Howard S. Phelps, 
Albert M. Gates, and Frank Kahn, 885. 
Discussion, 930. 

Non-Ferrous Metals and Alloys. 
Committee B-2, 166. 

The Testing of Lead Cable Coverings. W.H. 
Bassett, Jr., and C. J. Snyder, 910. Dis- 
cussion, 930. 


Lecture. 
Portland Cement—Theories 


Report of 


(Proven and 


Otherwise) and Specifications. Edgar 
Marburg Lecture. P. H. Bates, 469. 
Light Aging Test. wads. 
See Aging Test; Weathering. wach 
Light Metals. bas 
See Aluminum; Magnesium. 
Lime. 
Lime. Report of Committee C-7, 256. 


Some Properties of Mortars in Masonry. 
F. O. Anderegg, 1130. Discussion, 1142. 


Linseed Oil. 


An Extraction Method for the Determination 
of Metals in Boiled Linseed Oil and Driers. 
Frank Gottsch and Benjamin Grodman, 
1206. Discussion, 1211. 


Loss-on-Heating Test. 


Report on Comparative Tests of ‘eon on 
Heating. Report of Committee D-4, Ap- 


See also Petroleum Products. 
Petroleum Products and Lubricants. 
of Committee D-2, 299. M1 


SUBJECT INDEX 


pendix I, 333. 
Low Temperature Testing. 
See Temperature, Effect of. 
Lubricants. 


Report 
in Transportation, 1360. 


_ Petroleum Products and Lubricants. 
of Sectional Committee, 326. 
Proposed Method of Test for Aniline Point 
Of Petroleum Products. Report of Com- 

mittee D-2, Appendix II, 313. 

_ Proposed Method of Test for Neutralization 
Number of Petroleum Products and Lu- 
bricants. Report of Committee D-2, Ap- 
pendix I, 309. 

Summary of Proceedings of Detroit Spring 
Meeting—Symposium on New Materials 


in Transportation, 1360. 


M 


Report 


Magnesium. 
Die-Cast Metals and Alloys. 
Committee B-6, 187. 
Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 201. 


Magnetic Testing. 
Magnetic Properties. 
A-6, 111. 


Malleable Iron. 


Malleable Iron Castings. 
mittee A-7, 113. 

Properties of Commercial Pearlitic Malleable 
Tron. C. H. Lorig. Published in ASTM 
BuLteTIn, No. 105, August, 1940, p. 29. 
Discussion, p. 34. 

Stress-Strain Relations for Malleable Cast 
Iron in Tension with Special Attention to 
Yield Point Determination. R. D. Lan- 
don, 849. Discussion, 862. 


Marburg Lecture. 


Report of 


Report of Committee 


Report of Com- 


Portland Cement—Theories (Proven and 
Otherwise) and Specifications. Edgar 
Marburg Lecture. P. H. Bates, 469. 


Masonry Units. 5 


See also Brick; Tile. 


Manufactured Masonry Units. ‘ides of 
Committee C-15, 276. 
Mortars for Unit Masonry. Report of Com- 
mittee C-12, 272. 
- Some Properties of Mortars in Masonry. 
F. O. Anderegg, 1130. Discussion, 1142. 


Materials of Transportation. 


Summary of Proceedings of Detroit Spring 
Meeting—Symposium on New Materials 
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Materials Standards. 
Materials Standards in National Prepared- 
ness. William C. Young. Published in 
ASTM Buttetin, No. 105, August, 1940, 

p. 17. 


Medal Award. 
Fourteenth Award of the Charles B. Dudley 


Medal. Summary of Proceedings of the 
Forty-third Annual Meeting, 15. 


Membership. 
Annual Report of the Executive Committee, 


40. 


Metallography. 
Claus G. Goetzel 


See also Grain Size. 
Fatigue of Porous Metals. 

and Richard P. Seelig, 746. Discussion, 
757. 


Metallography. Report of Committee E-4, 
446. 

Some Effects of Composition and Heat Treat- 
ment on the High-Temperature Rupture 
Properties of Ferrous Alloys. R. H. Thiele- 
mann, 788. Discussion, 805. 


Methods of Testing. 

See Chemical Analysis; Testing, Physical 
Methods of. 

(Papers and reports covering methods of 
analysis, sampling, testing, etc., are indexed 
under the materials and subjects covered 
by them.) 


Microscopic Analysis. = 
Anodic Coatings Seen Through the Micro- 
scope. F. Keller, 948. 
Mobilometer Tests. 


Methods of Analysis of Paint Materials. 
Report of Subcommittee VIII, Committee 
D-1, 295. 


Moisture Absorption. 


The Influence of Test Methods on Moisture 
Absorption and Resistance of Coarse Ag- 
gregate to Freezing and Thawing. F. N. 
Wray and H. J. Lichtefeld, 1007. 

Sorption of Water by Plastics. G. M. Kline, 
A. R. Martin, and W. A. Crouse, 1273. 


Molded Insulating Materials. 
See Electrical Insulating Materials. 


SuB JECT INDEX 


1375 


Molding Compounds. nul 


Measuring the Plasticity of Molding Com- 
pounds. Robert Burns, 1283. 


Mortars. 


Mortars for Unit Masonry. Report of Com- 
mittee C-12, 272. 

Report on Investigation of Mortars by Seven 
Laboratories. Sponsored by Working Com- 
mittee, Committee C-1, on Plastic Mortar 
Tests, 210. 

Some Properties of Mortars in Masonry. 
F. O. Anderegg, 1130. Discussion, 1142. 


Motor Fuel. 
See Fuel Oil; Gasoline; Petroleum Products 


Motor Oils. 
See Lubricants; Petroleum Products. 


N 


National Preparedness. 
Materials Standards in National Prepared- 
ness. William C. Young. Published in 
ASTM Bouttetin, No. 105, August, 1940, 


Naval Stores. or of Committee D- 17, 


420. 


Neutralization Number. 


Proposed Method of Test for Neutralization 
Number of Petroleum Products and Lu- 


bricants. Report of Committee D-2, onl 
pendix I, 309. — 


Nickel-Chromium Alloys. 
See Alloy Steel; Corrosion-Resisting Alloy 
Steels; Electrical-Resistance and Heating 
Alloys. 
Nickel-Silver Alloy. te 
See Brass; Bronze. 


Nitriding. 


The Effect of Protective Ciel on the Cor- 
rosion-Fatigue Strength of Steel. Thomas 
J. Dolan and Hugh H. Benninger, 658. 
Discussion, 667. 


Nomenclature. 


Nomenclature and Definitions. 
Committee E-8,450. 
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Nondestructive Testing, 


Electrical Breakdown of Anodically Oxidized 
Coatings on Aluminum: a Means of Check- 
ing Thickness of Anodized Finishes. K. 
G. Compton and A. Mendizza, 978. 

Magnetic Properties. Report of Committee 
A-6, 111. 


Precision Radiography—II. Gilbert E. Doan 


and Winston H. Sharp, 1301. Discussion, 
1304. 

Radiographic Testing. Report of Com- 
mittee E-7, 448. 


The Standardization of Durometers. Lewis 
Larrick, 1239. Discussion, 1249. 
The Technique of Inspecting Wood Poles by 
‘X-ray. Myron Zucker. Published in 
ASTM Bouttetrin, No. 106, October, 1940, 
p. 19. Discussion, p. 25. 


Notch Effect. 


The Tension Test. 
Discussion, 579. 


C. W. MacGregor, 508. 


ucts; Transformer Oils. 


Oxidation of Oil. 
A Correlation of the Chemical and Electrical 


ie Changes Observed During the Oxidation of 


Mineral Insulating Oil. F.M. Clark, 1213. 
Discussion, 1235. 
Oxide Coatings. 

The Abrasion Resistance of Anodically Oxi- 
dized Coatings on Aluminum. H. G. Arlt, 
967. Discussion, 976. 

Anodic Coatings Seen Through the "Micro- 
scope. F. Keller, 948. 

Electrical Breakdown of Anodically Oxidized 
Coatings on Aluminum: a Means of Check- 
ing Thickness of Anodized Finishes. K. G. 
Compton and A. Mendizza, 978.‘ 

Thickness of Anodic Coatings on Aluminum. 
Junius D. Edwards, 959. Discussion, 966. 


P 
Paints. 


See glso Enamels; Lacquer; Pigments; 


Varnish. 
Accelerated Weathering Tests of Enamels on 
Steel and Correlation with Outdoor Ex- 


SUBJECT INDEX 


posure. Report of Subcommittee VII, 
Committee D-1, 289. 

Methods of Analysis of Paint Materials, 
Report of Subcommittee VIII, Committee 
D-1, 295. 

Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 279, 

Research. Report of Committee E-9, 455. 


Paper. 
Paper and Paper Products. 
mittee D-6, 342. 
Research. Report of Committee E-9, 455. 
Papers and Publications. 
Annual Report of the Executive Committee, 
40 


Summary of the Proceedings of the Forty- 
third Annual Meeting, 1. 


Particle Size. 


Methods of Testing. Report of Committee 
E-1, 435. 


Paving Materials. 


See Aggregates; Asphalt; Brick; Cement; 
Concrete; Soils. 


Penetration. 

See Consistency, 

Petroleum Products. 

Data on dropping point test. Report of Com- 
mittee D-2, 300. 

Diesel-Fuel-Oil Classification. Report of 
Committee D-2, Appendix IV, 324. 

Percentage of water in lubricating grease. 
Report of Committee D-2, 300. 

Petroleum Products and Lubricants. 
of Committee D-2, 299. 

Petroleum Products and Lubricants. Report 
of Sectional Committee, 326. 

Proposed Method of Test for Aniline Point 
of Petroleum Products. Report of Com- 
mittee D-2, Appendix II, 313. 

Proposed Method of Test for Ignition Quality 
of Diesel Fuels. Report of Committee 
D-2, Appendix ITI, 316. 


Report of Com- 


Report 


_ Proposed Method of Test for Neutralization 


Number of Petroleum Products and Lu- 
bricants. Report of Committee D-2, Ap- 
pendix I, 309. 

Summary of Proceedings of Detroit Spriag 
Meeting—Symposium on New Materials 
in Transportation, 1360. 
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A Correlation of the Chemical and Electrical 
Changes Observed During the Oxidation of 


Mineral Insulating Oil. F. M. Clark, 
1213. Discussion, 1235. 


pH Value. 
Methods of Testing. Report of Committee 
E-1, 435. 
Research. Report of Committee E-9, 455. 
Symposium on Tools of Analytical Chemistry. 
Summary of Proceedings of the Forty- 
third Annual Meeting, 5. = 


Phenolic Materials. i trig 

See Electrical Insulating Materials; Plastics. 
Pigments. 

See also Paints. 


Methods of Analysis of Paint Materials. 
Report of Subcommittee VIII, Committee 
D-1, 295. 

Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 279. 


Pipe and Piping Materials. 

See also Tubes. — 

Clay Pipe. Report of Committee C-4, 249. 

Concrete Pipe. Report of Committee C-13, 
274. 

Standardization of Dimensions and Materials 
of Wrought Iron and Wrought Steel Pipe 
and Tubing. Report of Sectional Com- 
mittee, 87. 

Steel. Report of Committee A-1, 59. 


Plasticity. 
Measuring the Plasticity of Molding Com- 
pounds. Robert Burns, 1283. 


Plastic Mortar Test. 


Report on Investigation of Mortars by Seven 


Laboratories. Sponsored by Working Com- 


os mittee, Committee C-1, on Plastic Mortar 


| 


See also Electrical Insulating Materials. 
Accelerated Weathering of Transparent Plas- 
tics. G. M. Kline, W. A. Crouse, and 
B. M. Axilrod, 1256. Discussion, 1271. 
Measuring the Plasticity of Molding Com- 
pounds. Robert Burns, 1283. 
Plastics. Report of Committee D-20, 443. 
Sorption of Water by Plastics. G. M. Kline, 


A. R. Martin, and W. A. Crouse, 1273. 


Plating Material. 
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See also Electrodeposited Coatings. 
A Corrosion-Fatigue Test to Determine the 
Protective Qualities of Metallic Platings. 


John N. Kenyon, 705. Discussion, 715. 


Porous Metals. 


Fatigue of Porous Metals. Claus G. Goetzel 
and Richard P. Seelig, 746. Discussion, 
757. 

Portland Cement. 

See Cement. 


Powder Metallurgy. 


Fatigue of Porous Metals. Claus G. Goetzel 
and Richard P. Seelig, 746. Discussion, 
757. 


Presidential Address. 


Standard Specifications for Materials and 
Their Commercial Importance. Annual 
Address by the President, H. H. Morgan, 
33. 


Proportional Limit. 
Proportional Limit Tests on Copper Alloys. 
Cyril Stanley Smith, 864. Discussion, 873. 
Protective Coatings. 


The Effect of Protective Coatings on the 
Corrosion-Fatigue Strength of Steel. 
Thomas J. Dolan and Hugh H. Benninger, 
658. Discussion, 667. 


Publications. 
See Papers and Publications. 
Radio Tube Materials. 
See Electrical-Resistance and Heating Alloys. _ 
Radiography. 


Precision Radiography—II. Gilbert E. Doan 


and Winston H. Sharp, 1301. Discussion, 
1304. 

Radiographic Testing. Report of Committee 
E-7, 448. 


The Reduction of Secondary Radiation and of 
Excessive Radiographic Contrast by Fil- 
tration. Herman E. Seemann, 1289. Dis- 
cussion, 1297. 
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_ Radiography (Continued): 


The Technique of Inspecting Wood Poles 


by X-ray. Myron Zucker. Published in 
ASTM Bvuttetin, No. 106, October, 1940, 
p. 19. Discussion, p. 25. 

Topical Discussion on Radiographic Testing 
of Airplane Components. Summary of 


Proceedings of the Forty-third Annual 


— 


An Investigation of the Effect of Rate of 
Strain on the Results of Tension Tests of 
Metals. Paul G. Jones and H. F. Moore, 
610. Discussion, 637. 

Speed in Tension Testing and Its Influence on 
Yield Point Values. Lawford H. Fry, 625. 
Discussion, 637. 


Rayon. 


Methods of Fiber Analysis. Report of Sub- 
committee VI, Committee D-8, 348. 

Textile Materials. Report of Committee 
D-13, 404. 


Recovery of Asphalt. 


A Study of the Recovery of the Bitumen from 
Soft Asphalt Cements by the Bussow 
Method. Carl Bussow, 1201. fT 


Refractories. 
Refractories. Kceport of Committee C-8, 258. 


Relaxation Tests. 


See Temperature, Effect of. 


Annual Report of the Executive Committee, 
40. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 121. 

Fatigue of Metals. 
Committee, 120. 

List of Published Reports with Reference to 

be on 0.35 per cent Carbon Steel K20, 


Research. 


Report of the Research 


prepared by P. E. McKinney, A. B. Bagsar, 
E. L. Robinson, and J. S. Worth. Report 
or. Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Appendix II, 159. 
Research. Report of Committee E-9, 455. 
Study of Effects of Variables on the Creep 
Resistance of Steels, prepared by H. C. 
Cross and J. G. Lowther. Report of Joint 


SuByEcT INDEX 


Research Committee on Effect of Tempera- 
ture on the Properties of Metals, Appendix 
125. Discussion, 154. 


Resins. 


See Plastics; Rosin; Soaps and Detergents; 
Varnish. 


Resistance Alloys. 
See Electrical-Resistance and Heating Alloys. 


Rheology. 


Interpretation of ‘Asphalt Tests. 
R. N. Traxler, H. E. Schweyer, and J. W. 
Romberg, 1182. Discussion, 1196. 


Road Materials. 


See also Aggregates, Asphalt; Brick; Cement, 
Concrete; Soils. 

Designing Concrete Mixtures for Pavements. 
W. F. Kellermann, 1055. Discussion, 1066. 

The Mechanics of Granular and Granular- 
Plastic Materials, with Special Reference 
to Bituminous Road Materials and Sub- 
soils. V. A. Endersby, 1154. 

Proposed Methods of Testing Preformed Ex- 
pansion Joint Filler for Concrete (Bitumi- 
nous Type). Report of Committee D-4, 
Appendix III, 336. 

Proposed Specifications for Preformed Ex- 
pansion Joint Filler for Concrete (Bitumi- 
nous Type). Report of Committee D-4, 
Appendix II, 335. 

Report on Comparative Tests of Loss on 
Heating. Report of Committee D-4, Ap- 
pendix I, 333. 

Road and Paving Materials. 
mittee D-4, 329. 

Soils for Engineering Purposes. 
Committee D-18, 423. 


Roofing Materials. 


Bituminous Waterproofing and Roofing Mate- 
rials. Report of Committee D-8, 345. 

Methods of Fiber Analysis. Report of Sub- 
committee VI, Committee D-8, 348. 


Report of Com- 


Report of 


Ropes. 


The Creep Phenomenon in Ropes and Cords. 
Carlton G. Lutts and David Himmelfarb, 


Rosin. 
Report of Committee D-17) 


Naval Stores. 
420, 
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Proposed Method of Calibrating a Light 
Source Used for Accelerating the Deteriora- 
tion of Rubber. Report of Committee 
D-11, Appendix IT, 385. 

Proposed Method of Test for Resistance to 
Accelerated Light Aging of Rubber Com- 
pounds. Report of Committee D-11, 
Appendix I, 381. 

Proposed Method of Test for Tear Resistance 
of Vulcanized Rubber. Report of Com- 
mittee D-11, Appendix III, 389. 

Rubber Products. Report of Committee 
D-11, 367. 

The Standardization of Durometers. Lewis 
Larrick, 1239. Discussion, 1249. 

Summary of Proceedings of Detroit Spring 
Meeting—Symposium on New Materials 
in Transportation, 1360. 

Rupture. 

Some Effects of Composition and Heat Treat- 
ment on the High-Temperature Rupture 
Properties of Ferrous Alloys. R.H. Thiele- 
mann, 788. Discussion, 805. 

High Temperature Rupture and Creep Tests. 
Ernest L. Robinson, 811. Discussion, 818. 


See Aggregates. 


Sanford E. Thompson Award. 


First Sanford E. Thompson Award. Sum- 
mary of Proceedings of the Forty-third 


Annual Meeting, 23; Report of Committee 


_C-9 on Concrete and Concrete Aggregates, 


(267. 


Sea Water Corrosion. 
See Corrosion; Immersion Tests. 


Secondary Radiation. 


The Reduction of Secondary Radiation and of 
Excessive Radiographic Contrast by Filtra- 
tion. Herman E. Seemann, 1289. Discus- 
sion, 1297. 


Sheathing. 
Bursting Tests and Tension Tests for Lead 
Cable Sheathing. H. F. Moore, C. W. 
- Dollins, and W. J. Craig, 904. Discussion, 
Internal Hydraulic Bursting Tests of Lead 
Cable Sheathing. Howard S. 


_ Albert M. Gates, and Frank Kahn, 885. 
Discussion, 930. 

The Testing of Lead Cable Coverings. W.H. 
Bassett, Jr., and C. J. Snyder, 910. Dis- 
cussion, 930. 


Shingles. 


Bituminous Waterproofing and Roofing Mate- 
rials. Report of Committee D-8, 345. 


Silicon-Impregnated Case. 


The Effect of Protective Coatings on the Cor- 
rosion-Fatigue Strength of Steel. Thomas 
J. Dolan and Hugh H. Benninger, 658. De- 


cussion, 667. 7 
Soaps and Detergents. 


Proposed Revisions in Standards for Soaps 
and Other Detergents. Report of Com- 
mittee D-12, Appendix I, 398. 

Proposed Specifications for Detergent Soap 
Powder. Report of Committee D-12, 
Appendix IT, 401. 

Proposed Specifications for Grit Cake Soap. 
Report of Committee D-12, Appendix III, 
403. 

Soaps and Other Detergents. Report of Com- 
mittee D-12, 393. 


Softening Point Test. 
Naval Stores. Report of Committee D- 17, 


0000 


The Mechanics Granular- 
Plastic Materials, with Special Reference 
to Bituminous Road Materials and Subsoils. 
V. A. Endersby, 1154. 

Soils for Engineering Purposes. 
Committee D-18, 423. 


Report of 


Sorption. 


Sorption of Water by Plastics. G. M. Kline, 
A. R. Martin, and W. A. Crouse, 1273. 


Soundness Tests. 


See also Freezing-and-Thawing Tests. 

The Influence of Test Methods on Moisture 
Absorption and Resistance of Coarse Aggre- 
gate to Freezing and Thawing. F. N. 
Wray and H. J. Lichtefeld, 1007. 

Report on Cooperative Studies of Various 


Types of Soundness Tests. Sponsored by 
Working Committee, Committee C-1, on 
Volume Change and Soundness, 226. 
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Soundness Tests (Continued): 

The Soundness of Chert as Measured by Bulk 

Specific Gravity and Absorption. Charles 

E. Wuerpel and E. P. Rexford, 1021. Dis- 

cussion, 1044. 

Specific Gravity. 

The Soundness of Chert as Measured by Bulk 

_ Specific Gravity and Absorption. Charles 
E. Wuerpel and E. P. Rexford, 1021. Dis- 

cussion, 1044, 


Spectrographic Analysis. 

Quantitative Spectrographic Analysis of 
Steels. S. Vigo. Published in ASTM 
Buttetin, No. 107, December, 1940, p. 17. 
Discussion, p. 22. 
Spectrographic Analysis. 
mittee E.2, 442. 
Symposium on Spectrographic Analysis: 
‘Summary of Proceedings of the Fort)- 
third Annual Meeting, 19. 

Variables versus Constants’ in Emission 
Spectrography. Thomas A. Wright, 
1355. 


Speed of Testing. 


High-Speed Tension Tests at Elevated Tem- 
peratures. M. Manjoine and A. Nadai, 
822. Discussion, 838. 

An Investigation of the Effect of Rate of 
Strain on the Results of Tension Tests of 
Metals. Paul G. Jones and H. F. Moore, 
610. Discussion, 637. 

Methods of Testing. Report of Committee 

E-1, 435. 

Research. Report of Committee E-9, 455. 

Speed in Tension Testing and Its Influence 

on Yield Point Values. Lawford H. Fry, 

625. Disc»ssion, 637. 


Springs. 
Research. Report of Committee E-9, 455. 


Stainless Steel. 


Standardization. 


Annual of Committee, 
40. 

Materials Standards in National Prepared- 

ness. William C. Young. Published in 

ASTM Bu No. 105, August, 1940, 

p. 17. 


Report of Com- 
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Standards. Report of Committee E-10, 461, 

Standard Specifications for Materials and 
Their Commercial Importance. Annual 
Address by the President, H. H. Morgan, 
33. 

Summary of the Proceedings of the Forty- 
third Annual Meeting, 1. bis) 


Steel. 


Accelerated Weathering Tests of Enamels on 
Steel and Correlation with Outdoor Expo- 
sure. Reportof Subcommittee VII, Com- 
mittee D-1, 289. 

Atmospheric Durability of Steels Containing 
Nickel and Copper. N. B. Pilling and 
W. A. Wesley, 643. 

Chemical Analysis of Metals. Report of 
Committee E-3, 444 

A Corrosion-Fatigue Tesi 
Frotecdive Qualities of Metailic Piatings. 
john N. Kenyon, 705. Discussion, 715. 

Corrosion of Iron and Steel. Report of 
Committee A-5, 91. 

The Creep Strength of 17 Low-Alloy Steels 
at 1000 F. R. F. Miller,W. G. Benz and 
W. E. Unverzagt, 771. Discussion, 782. 

The Effect of Protective Coatings on the 
Corrosion-Fatigue Strength of Steel. 
Thomas J. Dolan and Hugh H. Benninger, 
658. Discussion, 667. 

Effect of Temperature on the Properties of 
Metals. Report of, Joint Research Com- 
mittee, 121. 

Fatigue of Metals. Report of the Research 
Committee, 120. 

Fatigue Tests on Zinc-Coated Steel Wire. 
D. G. Watt, 717. Discussion, 730. 

Field Tests of Metallic Coa:ings. Report of 
Subcommittee VIII, Committee A-5, 106. 

High Temperature Rupture and Creep Tests. 
Ernest L. Robinson, 811. Discussion, 818. 

Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 114. 

_ List of Published Reports with Reference to 
Tests on 0.35 per cent Carbon Steel K20, 
prepared by P. E. McKinney, A. B. Bagsar, 
E. L. Robinson, and J. S. Worth. Report 
of Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Appendix II, 159. 

Magnetic Properties. 
A-6, 111. 
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Metallography. Report of Committee E-4, 
446. 

Proposed Revisions in Standards for Steel. 
Report of Committee A-1, Appendix, 71. 

Quantitative Spectrographic Analysis of 
Steels. S. Vigo. Published in ASTM 
BULLETIN, No. 107, December, 1940, p. 17. 
Discussion, p. 22. 

Record of failures in atmospheric exposure 
tests at Annapolis of No. 22-gage copper- 
bearing and non-copper-bearing corrugated 
black sheets. Report of Committee A-5, 95. 


Some Effects of Composition and Heat Treat- 


ment on the High-Temperature Rupture 
Properties of . «rrous Alloys. R.H. Thiele- 
mann, 788. Discussion, 805. 
Standardization oi Dimensions and Materials 
of Wrought Iron and Wrought Steel Pipe 


| and Tubing. Report of Sectional Com- 


mittee, 87. 

Steel. Report of Committee A-1, 59. 

Study of Effects of Variables on the Creep 
Resistance of Steels, prepared by H. C. 
Cross and J. G. Lowther. Report of Joint 
Research Committee on Effect of Tempera- 
ture on the Properties of Metals, Appendix 
I, 125. Discussion, 154. 

Summary of Proceedings of the Detroit 
Spring Meeting—Symposium on New 
Materials in Transportation, 1360. 

Supplementary Report on Inspection of 
Stainless Steel Architectural Structures. 
Report of Committee A-10, Appendix, 118. 

Symposium on Significance of the Tension 

‘Test of Metals in Relation to Design: 
_ Foreword. John M. Lessells, 501. 
_ The Tension Test. C. W. MacGregor, 508. 
; ‘The Strength Features of the Tension Test. 
Seely, 535. 
_ The Limited Significance of the Ductility 
Features of the Tension Test. H. W. 
peer Gillett, 551. 
Discussion on Significance of the Tension 
Test, 579. 
Topical Discussion on Radiographic Testing 
of Airplane Components. Summary of 
Proceedings of the Forty-third Annual 


Meeting, 3 
Stormer Viscosimeter. 


Methods of Analysis of Paint Materials. 
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Report of Subcommittee VIII, Committee 
D-1, 295. 


See Tile. 


Summary of zs. 
Summary of the Proceedings of the Forty- 
third Annual Meeting, 1. yerk 
Sulfate Resistance. 


Tests of 106 Commercial Cements for Sulfate 
Resistance. Dalton G. Miller and Philip 
W. Manson, 988. Discussion, 1002. 


Tar. 
See Road Materials; Waterproofing Materials. 


Tear Test. 


Proposed Method of Test for Tear Resistance 
of Vulcanized Rubber. Report of Com- 
mittee D-11, Appendix ITT, 389. 


Temperature, Effect of. 


Creep of Aluminum Subjected’ to Bending at 
Normal Temperatures. Joseph Marin and 
L. E. Zwissler, 937. . Discussion, 947. 

The Creep Strength of 17 Low-Alloy Steels 
at 1000 F. R. F. Miller, W. G. Benz and 
W. E. Unverzagt, 771. Discussion, 782. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 121. 

Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 172. 

High-Speed Tension Tests at Elevated Tem- 
peratures. M. Manjoine and A. Nadai, 
822. Discussion, 838. 

High Temperature Rupture and Creep Tests. 
Ernest L. Robinson, 811. Discussion, 818. 

List of Published Reports with Reference to 
Tests on 0.35 per cent Carbon Steel K20, 
prepared by P. E. McKinney, A. B. Bagsar, 
E. L. Robinson, and J. S. Worth. Report 
ot Joint Research Committee on Effect of 
Temperature on the Properties of Metals, 
Appendix II, 159. 

Research. Report of Committee E-9, 455. 

Some Effects of Composition and Heat 
Treatment on the High-Temperature Rup- 
ture Properties of Ferrous Alloys. R. H. 
Thielemann, 788. Discussion, 805. 
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Temperature, Effect of (Continued): 


Study of Effects of Variables on the Creep 
Resistance of Steels, prepared by H. C. 
Cross and J. G. Lowther. Report of Joint 
Research Committee on Effect of Tempera- 
ture on the Properties,of Metals, Appendix 

I, 125. Discussion, 154. 


Tension Testing, 
Bursting ‘Tes's and Tension ‘ists for Lead 
_ Cable Sheathing. H. F. Moore, C. W. 
-‘Dollins, and W. J. Craig, 904. Discussion, 

930. 

Creep of Aluminum Subjected to Bending at 
Normal Temperatures. Joseph Marin and 
L. E. Zwissler, 937. Discussion, 947. 

The Creep Phenomenon in Ropes and Cords. 
Carlton G. Lutts and David Himmelfarb, 
1251. 

Fatigue of Porous Metals. Claus G. Goetzel 
and Richard P. Seelig, 746. Discussion, 
757. 

High-Speed Tension Tests at Elevated Tem- 
peratures. M. Manjoine and A. Nadai, 
822. Discussion, 838. 

An Investigation of the Effect of Rate of 
Strain on the Results of Tension Tests of 
Metals. Paul G. Jones and H. F. Moore, 
610. Discussion, 637. 

Mechanical Properties of Gray Cast Iron in 
Torsion. Jasper O. Draffin, W. Leighton 
Collins and Carl H. Casberg, 840. Discus- 
sion, 847. 

Properties of Commercial Pearlitic Malleable 
Tron. C. H. Lorig. . Published in ASTM 
BuLLeTIN, No. 105, August, 1940, p.29. 
Discussion, p. 34. 

Proportional Limit Tests on Copper Alloys. 
Cyril Stanley Smith, 864. Discussion, 873. 

A Pulsating Tension-Fatigue Machine for 
Small Diameter Wire. John N. Kenyon, 
762. Discussion, 770. 

Speed in Tension Testing and Its Influence 
on Yield Point Values. Lawford H. Fry, 
625. Discussion, 637. 

Stress-Strain Relations for Malleable Cast 

ah Iron in Tension with Special Attention to 
Yield Point Determination. R. D. Lan- 

don, 849. Discussion, 862. 

Symposium on Significance of the Tension 

Test of Metals in Relation to Design: 

_ Foreword. John M. Lessells, 501. 

The Tension Test. C. W. MacGregor, 508. 


~ 


The Strength Features of the Tension 
Test. F. B. Seely, 535. 
The Limited Significance of the Ductility 


Features of the Tension Test. H. W. 
Gillett, 551. 
Discussion on Signiiicance of the ‘Sencioy 
Test, 579. 
The Testing of Lead Cable Coverings. W.H. 


Bassett, Jr., and C. J. Snyder, 910. Dis- 
cussion, 930. 

Tests of 106 Commercial Cements for Sulfate 
Resistance. Dalton G. Miller and Philip 
W. Manson, 988. Discussion, 1002. 


Testing Apparatus. 


See also Testing, Physical Methods of. 

A Corrosion-Fatigue Test to Determine the 
Protective Qualities of Metallic Platings. 
John N. Kenyon, 705. Discussion, 715. 

Fatigue of Metals. Report of the Research 
Committee, 120. 

High-Speed Tension Tests at Elevated 
Temperatures. M. Manjoine and A. 
Nadai, 822. Discussion, 838. 

Measuring the Plasticity of Molding Com- 
pounds. Robert Burns, 1283. 

Methods of Testing. Report of Committee 
E-1, 435. 

Proportional Limit Tests on Copper Alloys. 
Cyril Stanley Smith, 864. Discussion, 873. 

A Pulsating Tension-Fatigue Machine for 
Small Diameter Wire. John N. Kenyon, 
762. Discussion, 770. 

The Standardization of Durometers. 
Larrick, 1239. Discussion, 1249. 


Lewis 


Testing, Physical Methods of. 


(Papers and reports covering methods of 
analysis, sampling, testing, etc., are indexed 
under the materials and subjects covered 
by them.) 

Methods of Testing. Report of Committee 
E-1, 435. 


Textile Materials. 


Methods of Fiber Analysis. Report of Sub- 
committee VI, Committee D-8, 348. 

Proposed Revisions in Standards for Textile 
Materials. Report of Committee D-13, 
Appendix, 413. 

Textile Materials. 
D-13, 404. 
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A Method of Measuring Thermal Diffusivity 
and Conductivity of Stone and Concrete. 
W. T. Thomson, 1073. Discussion, 1081. 

Thermometers, 4.S.1.M. 

Methods of Testing. Report of Committee 
E-1, 435. 

Proposed Method of Test for Aniline Point 
of Petroleum Products. Report of Com- 
mittee D-2, Appendix Ii, 313. 

Titer test thermometer, tentative revision of 
Standard Methods of Sampling and Chem- 


a ical Analysis of Soaps and Soap Products, 


Thermosetting and Thermoplastic Materials. 
See Plastics. 
Thermostat Metals. 
_Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys. Report of Com- 
Thickness Testing. 


Electrical Breakdown of Anodically Oxidized 
Coatings on Aluminum: a Means of Check- 


ing Thickness of Anodized Finishes. K. G. 

Compton and A. Mendizza, 978. 
Thickness of Anodic Coatings on Aluminum. 

Junius D. Edwards, 959. Discussion, 966. 


Tile. 
Manufactured Masonry Units. ts. Report of 
Committee C-15, 276. 
Timber. 
Timber. Report of Committee D-7, 344. 


Tire Reinforcement. 

A Corrosion-Fatigue Test to Determine the 
Protective Qualities of Metallic Platings. 
John N. Kenyon, 705. Discussion, 715. 

A Pulsating Tension-Fatigue Machine for 
Small Diameter Wire. John N. Kenyon, 
Discussion, 770. 


Torsion Testing. 


Transformer Oils. 


- A Correlation of the Chemical and Electrical 
Changes Observed During the Oxidation of 


Mechanical Properties of Gray Cast Iron in 
Torsion. Jasper O. Draffin, W. Leighton 
Collins and Carl H. Casberg, 840. Discus- 
sion, 847. 


INDEX 


Mineral Insulating Oil. 
Discussion, 1235. 

Proposed Method of Test for Neutralization 
Number of Petroleum Products and Lu- 
bricants. Report of Committee D-2, Ap- 
pendix I, 309. 


Transportation Material. 


Summary of Proceedings of Detroit Spring 
Meeting-——Symposium on New Materials in 
Transportation, 1360. 


F. M. Clark, 1213. 


Transverse Testing. 
See Flexure Testing. 


Triaxial Testing. 


The Mechanics of Granular and Granular- 
Plastic Materials, with Special Reference 
to Bituminous Road Materials and 
V. A. Endersby, 1154. 

| 


See also Pipe and Piping Materials. 
Standardization of Dimensions and Materials 

of Wrought Iron and Wrought Steel Pipe 
and Tubing. Report of Sectional Com- 
mittee, 87. 


Varnish. 


Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 279. 


Viscosity. 


The Measurement of the Deformation Prop- Pd 
erties of Asphalts. T. F. Ford and K. G. 
Arabian, 1174. 

Rheological Interpretation of Asphalt Tests. 
R. N. Traxler, H. E. Schweyer, and J. W. 
Romberg, 1182. Discussion, 1196. 


Volume Change. 

Autogenous Volume Changes of Concrete. 
Harmer E. Davis, 1103. Discussion, 1111. 
Physical Properties and Expansion Data on 
Zinc-Base Die-Casting Alloy Specimens 
After 10-year Atmospheric Exposure. 1 


Report of Committee B-6, Appendix IT, 195. 
Report on Cooperative Studies of Various 
Types of Soundness Tests. Sponsored by _ ¢ 
Working Committee, Committee C-1, on 
Volume Change and Soundness, 226. : 
Some Properties of Mortars in Masonry. 
F. O. Anderegg, 1130. Discussion, 1142. _ 
The Theory of Concrete Creep. William R. 


Lorman, 1082. 
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Water. 


Report of Committee D-2, 300. 
Proposed Revisions in 
Industrial Waters. Report of Committee 

D-19, Appendix, 430. 

Symposium on Problems in the Classification 
of Natural Water Intended for Industrial 
Use: 

Introduction. F. N. Speller, 1305. 

Reporting the Results of Water Analysis. — 
Robert C. Adams, 1307. Discussion, 
1312. 

A Review of Data on the Relationship of 
Corrosivity of Water to Its Chemical 
Analysis. 
sion, 1323. 

Measuring the Scale-Forming and Cor- 
rosive Tendencies of Water by Short- 
Time Tests. Everett P. Partridge and 
G. B. Hatch, 1329. Discussion, 1340. 

A Method of Measuring Corrosiveness. 
J. H. Walker, 1342. Discussion, 1353. 

Water for Industrial Uses. 

mittee D-19, 426. 


Water Absorption. 


Relation of Water Absorption and Strength 
of Brick to Abrasive Resistance. J. W. 
McBurney, R. H. Brink, and A. R. Eberle, 
1143. Discussion, 1152. 

Sorption of Water by Plastics. G. M. Kline, 
A. R. Martin, and W. A. Crouse, 1273. 


: Waterproofing Materials. 


Bituminous Waterproofing and Roofing Mate- 
rials. Report of Committee D-8, 345. 


Weathering. 


See also Corrosion; Freezing-and-Thawing 
Tests. 

Accelerated Weathering of Transparent Plas- 
tics. G. M. Kline, W. A. Crouse, and B. M. 
Axilrod, 1256. Discussion, 1271. 

Accelerated Weathering Tests of Enamels on 
Steel and Correlation with Outdoor Expo- 
sure. Report of Subcommittee VII, Com- 
mittee D-1, 289. 

Atmospheric Durability of Steels Containing 
Nickel and Copper. N. B. Pilling and 
W. A. Wesley, 643. 


Percentage of water in lubricating grease. 


Standards for 


V. V. Kendall, 1317. Discus- 
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Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 106. 

The Influence of Test Methods on Moisture 

_ Absorption and Resistance of Coarse Ag- 

_ gregate to Freezing and Thawing. F. N. 

Wray and H. J. Lichtefeld, 1007. 

An Investigation of Aluminum Die-Casting 
Alloys Nos. IVa, Va, and V. Report of 
Committee B-6, Appendix I, 191. 

Methods of Testing. Report of Committee 
E-1, 435. 

Physical Properties and Expansion Data on 
Zinc-Base Die-Casting Alloy Specimens 

After 10-year Atmospheric Exposure. 

Report of Committee B-6, Appendix II, 
195. 

Proposed Method of Calibrating a Light 

Source Used for Accelerating the Deteriora- 
tion of Rubber. Report of Committee 


Appendix II, 385. 


Proposed Method of Test for Resistance to 
Accelerated Light Aging of Rubber Com- 
pounds. Report of Committee D-11, Ap- 
pendix I, 381. 

Record of failures in atmospheric exposure 
tests at Annapolis of No. 22-gage copper- 
bearing and non-copper-bearing corrugated 
black sheets. Report of Committee A-5, 95. 

Supplementary Report on Inspection of 
Stainless Steel Architectural Structures. 
Report of Committee A-10, Appendix, 118. 


Welding. 


Radiographic Testing. Report of Commit- 
tee E-7, 448. 
Research. Report of Committee E-9, 455. 


Wire. 


See also. Cable; Copper Wire; Electrical- 
Resistance and Heating Alloys; Steel. 

Fatigue Tests on Zinc-Coated Steel Wire. 
D. G. Watt, 717. Discussion, 730, 

A Pulsating Tension-Fatigue Machine for 
Small Diameter Wire. John N. Kenyon, 
762. Discussion, 770. 


Wess. 
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Textile Materials. Report of Committee 
D-13, 404. 
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Field Tests of Metallic Conon: Report of 
e Subcommittee VIII, Committee A-5, 106. 
- Magnetic Properties. Report of Committee 
A-6, 111. 
Record of failures in atmospheric exposure 
g tests at Annapolis of No. 22-gage copper- 
f bearing and non-copper-bearing corrugated 
black sheets. Report of Committee A-5, 95. 
€ Standardization of Dimensions and Materials 
of Wrought Iron and Wrought Steel Pipe 
Tubing. Report of Sectional Com- 
mittee, 87. 
. Total Immersion Tests. Report of Subcom- 
e mittee V, Committee A-5, 98. 
t 
See also Metallography; 
Metallography. Report of Committee E-4, 
446, 
Precision Radiography—II. Gilbert E. Doan 
3 and Winston H. Sharp, 1301. Discussion, 
1304. 
E The Reduction of Secondary Radiation and 
‘ of Excessive Radiographic Contrast by 
Filtration. Herman E. Seemann, 1289. 
Discussion, 1297. 
f Symposium on Spectrographic Analysis. 


Summary of Proceedings of the Forty-third 
Annual Meeting, 19. 
_ The Technique of Inspecting Wood Poles by 
X-ray. Myron Zucker. Published in 
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ASTM Buttetin, No. 106, October, 1940, 
p. 19. Discussion, p. 25. 

Topical Discussion on Radiographic Testing 
of Airplane Components. Summary of Pro- 
ceedings of the Forty-third Annual 

_ Meeting, 3. 


Zinc. 


Die-Cast Metals and Alloys. 
Committee B-6, 187. 

Physical Properties and Expansion Data on 
Zinc-Base Die-Casting Alloy Specimens After 
10-year Atmospheric Exposure. Report of 
Committee B-6, Appendix IT, 195. = 


Report of 


Zinc Coatings. 


Corrosion of Iron and Steel. Report of 
Committee A-5, 91. 

The Effect of Protective Coatings on the Cor- 
rosion-Fatigue Strength of Steel. Thomas 
J. Dolan and Hugh H. Benninger, 658. 
Discussion, 667. 

Fatigue Tests on Zinc-Coated Steel Wire. 
D. G. Watt, 717. Discussion, 730. 

Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 106. 
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Anderegg, F. O. 
Some Properties of Mortars in Masonry, 1130. 
Discussion, 1003, 1142. 
Anderson, A. R. on 
Anderson, R. P. 
Report of Committee D-2 on Petroleum 
Products and Lubricants, 299. 
Report of Committee E-10 on Standards, 461. 
Arabian, K. G. 
The Measurement of the Deformation Prop- 
erties of Asphalts, 1174. 
Arlt, H. G. 
The Abrasion Resistance of Anodically 
Oxidized Coatings on Aluminum, 967. 
Discussion, 976. 
Aufderhaar, H. C. 
Report of Committee A-3 on Cast Iron, 89. 
Axilrod, B. M. 
Accelerated Weathering of Transparent Plas- 
tics, 1256. 


Bagsar, A. B. 
List of Published Reports with Reference to 
Tests on 0.35 per cent Carbon Steel K20. 
Appendix II, Report of Joint Research 
Comite on Effect of Temperature on 
- the Properties of Metals, 159. 
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Report of Committee D-13 on Textile Mate- 
rials, 404. 
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Accelerated Weathering of Transparent Plas- 
tics, 1256. 
Sorption of Water by Plastics, 1273. 
Curtis, H. L. 
Report of Sectional Committee on Electrical 
Insulating Materials, 365. 


& Report of Committee B-5 on Copper and 
o Copper Alloys, Cast and Wrought, 177. 
Davis, Harmer E. 
Autogenous Volume Changes of Concrete, 
1103. 
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Discussion, 1123. 
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Discussion published in ASTM Bvuttetrn, 
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